MANUFACTURI NG METHOD FOR MAGNETI C RECORDI NG MEDI UM Techni cal Field
Thepresenti nventi ongeneral | yrel at est oamanuf acturing 5 net hod of
magneti c recordi ng nedia (such as, hard disks). Background Art
There have been known DTR (Discrete Track Recordi ng nedia) and BPM
(Bit Patterned Media) as hard di sk magnetic recording 10 nedi a; and

nore particul i i i i IS
di spersed in W%%%%%%@%EE% %@%@a@%@%- glg%lgeirﬂz)a}??on
hi gh-density recordi ng nmedi um For the magnetic filns of such
magneti c recording nmedia as di scussed above , bit formation by
patterning using an etching 15 process has been proposed until now.

Si nce a nEgfdPicHedd eidbat s above a surface of the magnetic
recordi ng medi um when recordi ngorreproduci ng data, surface snoothness
is required. Thihe mfasEntphivernioggenesaboyhhiedgtecdoesnansfaeguiried
in which spaces between the magnetic filnms are filled with a

non- negneimethell i eldgglet ic recobtEigy hesiikeasuaiows a Hidheld dkis) .
whi ch an object to be processed having a resist |ayer disposed on the
magnetic filmis irradiated with ions (ion beans) of a process gas in
order to elimnate the snoothi ngprocess and to sinplifymanufacturing

25 proces fer the foll owi ng Patent Docunents).
Al t hough %eé%o ri%g%ldottﬁ'the magnetic filmcovered with the resist |ayer

is protected fr non- Im etizatio ar get eITgerrent that.is a_ ..
consti tuent at OB SRS PoEREL T (PAPEEEER K Hor el GHoq Bogs™
processed a\?l%erB%Mt ?]Sitg ePSalttséerlxiigcﬂvleldsiaqogs hard disk magnetic recording
10 media; and more particularly, the BPM on which a plurality of
'magnetic films is dispersed in a pitted manner has been expected
as a next—generatioh high-density recording medium.

For the magnetic f£films of such magnetic recording media
as discussedabove, bit formationby patterningusing an etching

15 process has been proposed until now. Since a magnetic head
floats above a surface of the magnetic recording medium when
recording or reproducing data, surface smoothness is required.
Thus, after patterning, a smoothing process is required inwhich
spaces between the magnetic films are filledwith a non-magnetic

20 material.

There has been known a method in which an object to be
processed having a resist layer disposed on the magnetic f£ilm
is irradiated with ions (ion beams) of a process gas in order
toeliminate the smoothing process and to simplifymanufacturing

25 processes (refer to the following Patent Documents).
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5 di sposed; and then, the portion becones non-nmagneti zed.
Consequent |y, the non-nmagnetized portion is fornmed on the magnetic
filmalong an opening pattern of the resist |ayer, and a portion
where nagneti smremains (magnetic portion) is separated by the
non- magnet i zed port ion to be a recording portion 10 of the

magneti ¢ recordi I u e : .2002-

Dogument 2: JPAAQ%(S%?’%%?EP %aéslc osol?? gﬂgﬁg%%%eii%ggﬁﬁ %o%oigggé&f@ngﬁ%eo
be Sol ved by the |Inventjon |n orde %o make non- magnetize the portion
Do be by ol AR AerpRettEd oo aRRonEEnErki ey, & Bexge
depth is set at which an injection anount of the target elenent is

the maxi mahgUenthehabdfed cONStLRIeRfA e of gheBEABSEF 935 Fadrdesdeso

wi th an accel eration voltage that can achieve the set peak depth.
However, viem poesion ts Perpedecessdd anheregihal rehdet layer is not

5 disposed; and then, the portion becomes non-magnetized.
Consequently, the non-magnetized portion 1s formed on the
magnetic film along an opening pattern of the resist layer,
and a portion where magnetism remains (magnetic portion) is
separated by thenon-magnetizedportion tobe arecordingportion

10 of the magnetic recording medium.
Patent Document 1: JPA 2002-288813

Patent Document 2: JPA 2008-77756

Disclosure of the Invention
15 Problems to be Solved by the Invention
In order to make non-magnetize the portion to be processed
from a surface to a bottom face, generally, a peak depth is
set at which an injection amount of the target element is the
maximum in the magnetic film, and the ion beams are irradiated
20 withanaccelerationvoltage that canachieve the set peak depth.
However, when a resist is formed with an original sheet
{stamper) or the like, a thin film of the resist also remains
on the portion to be processed; and when the thin £film is etched
by the ion beams, the peak depth moves to a bottom face side
25 even though the accelerationveltage is constant. When the peak
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(stamper) or the like, a thin filmof the resist also remains on the
portion to be processed; and when the thin filmis etched by the ion
beans, the peak depth noves to a bottom face side 25 even though the
accel eration voltage is constant. \Wen the peak depth noves to the
bottom face side, a surface portion of the magnetic filmand its

rochr 2 SIS AP AL RO SR 100 SN o 18 e

rragneti C portron 1s not separa e nmagne on 1s no

separ ated, a phenongnon called 5 "witi blur" occurs_in,the witing
i or mat | GRS Thim SR gk S nE BHEb e TS 1O SYRELFHERTIY Jgre
t he above-descri bed problens, the present inventiaon provides a

nmanuf act ufiAy HEiRdd 25 a2 RAGRESI CIDMASRSE 8F RETIFEGTLR POF SeRRITAGSd -
non- magneti ze a portion to be processed, by arranging a resist that

i ncl udes aWhs€mhhs magirgitnig portion ehdoarsdrar Perdratplenguendngal led
having a filmthickness thinner than that of the ion shielding

porti os onwairEgRetdla 1 lgeafran ohjiectwtir irey probessadi dravi ng a
substrate and the 15 magnetic filmarranged on a surface of the
substrate; and inj ecting the constituent elenent of a process gas in
the portion to be processed where the ion pernmeation portion of the

magneti c fﬂéarﬂé S%d 1%11&1 HAH L e non-magneti ze, by

accelerating 1on of the process gas and by perneating a constitute
el ement 20 of the progcess,_gas throygh the ion.perneation tion,
wherein the congtit reF%nﬁﬁﬁvgf e %b%%%?%gﬁﬁgf?%éinggﬁsﬂsbythe
changi ng an accel eration voltage that accel erates the ions of the |,
process g&¥eseHsipyeRbken R \Rethitet MAeUiRe PorinioRe tBCB & 5eg8sEd ©

10 recording medium for making non-magnetize a portion to be
processed, by arranging a resist that includes an ion shielding
portion and an ion permeation portion having a film thickness
thinner than that of the ion shielding portion on a magnetic
film of an object to be processed having a substrate and the

15 magnetic film arranged on a surface of the substrate; and
injecting the constituent element of a process gas in the portion
to be procegssed where the ion permeation portion of the magnetic
filmis located in order to make non-magnetize, by accelerating
ion of the process gas and by permeating a constitute element

20 of the process gas through the ion permeation portion, wherein
the constituent element of the process gas is injected by
changing an acceleration voltage that accelerates the ions of
the process gas so as to make non-magnetize the portion to be
processed.

25 The present invention is the manufacturing method of a
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25The present invention is the manufacturing nmethod of a magnetic
recordi ng medium wherein the acceleration voltage is changed in
response to the change of the filmthickness of the ion perneation
portion in such a nmanner that a depth, fromthe surface of the
magnetic filmof which an injection amunt 5 of the constituent

el ement i Sn(l:% eﬂ%i O:La;-i%}gcq{gém,' .wherein E}geg%_rncg%el%&a{%o%woqq: |

t he manuf acturing ne a nmagnheti c recor i"um erein the
accel eration yoltage.is changed jn such_.a manner that, 1 from
e sur f ackP A o sEPEORRE O M e O CBB T bim RS B
constituent 10 elenent is the maxi num noves. The present

i nvent i on $Re tioE REKUEAELOR PR FEPROE SMCR AEIHEISE thddor dieRPre F1nR
wherein the acceleration voltage is changed in a such manner that a
dept h fr omhdeusfiefcac @ fof hehragmeenee il lof whiwhi @h fan¢qtf i Emeunt
anount of the constituent 15 elenent is the maxi nrum noves fromthe

si de of t hef stlisted@iet ioudie sielemf idece@shstimum, is dhestEesent
invention is the manufacturing nethod of a magnetic recordi ng nedi um

wherein the accehfl aieRolihagatisnchangBd hinSsbtdr MENREthdRlon a
depth, fromthe surface of 20 the magnetic filmof which an injection

oL of OSSR S IR RS Ul sl
25Since a Pseacli'laclj'legpé[c{] i%t s%hcé} rﬁ&rlenélmtehca&:i %nd%g%%r,]t fgémttkﬁe surface of
themagnetic filmof whichan injection amount of the constituent

10 element is the maximum, moves.

The present invention is the manufacturing method of a
magnetic recording medium, wherein the acceleration voltage
is changed in a such manner that a depth from the surface of
themagnetic filmof whichan injection amount of the constituent

15 element is the maximum moves from the side of the substrate
to the side of the resist.

The present invention is the manufacturing method of a
magnetic recording medium, wherein the acceleration voltage
is changed in such a manner that a depth, from the surface of

20 themagnetic filmofwhichan injection amount of the constituent
element is the maximum, moves from the side of the resist to

the side of the substrate.

Effect of the Invention
25 Since a peak depth at which the injection amount of the
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4 target elenment is the maxi num can be made a set depth by changi ng
the acceleration voltage, it is possible to uniformly nake

non- magneti ze the nagnetic filmfromthe surface to the bottom face

t her eof . Becauset henagneti cportion(recordi ngportion) 5 is separated

where read/wite of information are perforned,

magneti c C i dwr Lty r

not occuf%g%{é’% 8&@%@% S%%ﬁ%@%%ﬁﬁ% HEH %f%feﬁf%zga%%g
vi ew show one manuf achrl n s use for, the
et | T e T oD w1 {208, 261 01" BRRRRT ) KB, 18y Rie
schematical ly show ng non-nagneti zation processes.

3 is a sedAbMEAINAETES RERI fﬂﬁg%%’él‘éﬁwlﬁ? ¢ rem %hwg%aréfﬁq,e 19 F%Mtﬁ%}l

medi um Expl anation of Reference Nunerals 400Chject to be processed
41Subst r atfecz0dddbepEt | Bdddune themagneticportion (recording portion)

5 is separated where read/write of information are performed,
magneticpatterncontrast isgood; and thus the so-calledwriting

blur does not occur.

Brief Description of the Drawings
10 Fig. 1 is a sectional view showing one example of a
manufacturing apparatus used for the present invention.
Figs. 2{a) to 2(c¢) are sectional views schematically
showing non-magnetization processes.
Fig. 3 isa sectional view showing cne example of amagnetic

15 recording medium.

Explanation of Reference Numerals

40...... Object to be processed
41...... Substrate

20 44...... Magnetic film
47. .. ... Ton shielding portion
48...... Ion permeation portion
49 ..... Resist

25 Best Modes for Carrying Out the Invention
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471 on shielding portion 48lon perneation portion 49Resi st 25 Best

Modes for Carrying Qut the Invention Ref erence nuneral 10 in
Fig. 1 denotes one exanple of a manufacturing apparatus used for the
present invention. Thi s manufacturing apparatus 10 has a vacuum

chanmber 11 and an ion generator 15. 5An internal space of the ion

generator 15 ingggggﬁﬁgygﬁﬁfﬁgﬁ_gﬁ%agyihﬁﬁpﬂp%e?&ﬁ%%FéysCg%%%ﬁhgggﬁ{

11 through an em'ssion po gas supp .

o Connec A A YRRt AR g Rfort i BT o {aR abuum

chanmber 11 is vacuum evacuated by the vacuum evacuation system 19,

and a process gddiESsHARUAICTHAIRG YERATABES AAMFATR Yacewhprhadbsnhild

the ion generator 15 fromthe gas supply system 16, and a high

frequency st exmddmaershetdr iYbt he i on generator 15 is energized,

the process 15 gas ionizes within the ion generator 15, and ions of

t he precess gas ashahgednpdskbhvel pfothaepal i geberat @ genaraietnected
tothe internal space of the vacuum chamber 11 throughanemission
port (not shown). A gas supply system 16 is connected to the
ion generator 15; and a vacuum evacuation system 19 is connected
to the wvacuum chamber 11.

10 When an inside of the vacuum chamber 11 is vacuum-evacuated
by the vacuum evacuation system 19, and a process gas (such
as, an N, gas, for example) is supplied into the ion generator
15 from the gas supply system 16, and a high.frequency'antenna
(not shown) in the ion generator 15 is energized, the process

15 gas ionizes within the ion generator 15, and ions of the process
gas charged positively or negatively are generated.

An accelerator 20 is disposed at a position facing the
emission port inside the vacuum chamber 11. The accelerator
20 has one or more acceleration electrodes 21a to 21d; and each

20 accelerationelectrodes 2lato2ldisarrangedalongadirection

in which the ions of the process gas are emitted.
Through-holes are formed in the acceleration electrodes

2la to 21d, respectively, and the ions of the process gas

accelerate in the accelerator 20 (through through-holes of the

25 respective acceleration electrodes 2la to 21d, and in spaces
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An accel erator 20 is disposed at a position facing the em ssion port

i nsi de the vacuum chanber 11. The accel erator 20 has one or nore
accel eration el ectrodes 2l1la to 21d; and each 20 accel eration

el ectrodes 2l1a to 21d is arranged along a direction in which the ions
of the process gas are emtted. Through-holes are fornmed in the

accel erati Oé]c“% erftgl_?descgel%]ll&ggrg o1& &%}é/e%%rough ]E%e_ ions of the

process gas accelerate 1n & accel Brat of rough holes

of the 25 respective accel eration_ el ectrodes 2la to 21d, and
spaces between %a&E@iFEF"&EPBne%F‘éEF?%ESZ 4G 41haye. cornected e

acceleration electrodes 2la to 21d_are connected to an accel eration
power suppity2aefilesapRonuRWerceBPREASHH GSotr SPPRYCEESTREION DeAe Ty
controller 29 and a power supply source 5 25; and the power supply
sour ce 25 sapplliwdewdiceagashag tthedntirofiéeen: 9 poldiai pywer syt wdaras
the acceleration voltages to the acceleration el ectrodes 2la to

21dadj acergs t an&anh paider supHl Peeutbe 2505 10fe S WOl L HEEHS t B fdle@ent
charged, they are accel erated by an acceleration electric field while

passi ng t ough thes10nagaetgaat ak 38 aé@céf@fhticn?yv@:{ea gxtted die

the inside of thé vacuum chanber 11. he power supply source

25 1s con eégeelde G {6 FODLLQ8L €512 0 MEa G I:é Jclcgr %%ét% nfigur el
o Abeirerar St o

so as to c ange accelerafion voltage a e acce erator
20 fromt 15 power. su source 25 based on_.set |nfornat|o

2o L hereb st LR PR R o e 2 R ot 1 e Bics e ringa
process gas. Next, processes of manufacturing a nagnetic
recor di ng %(ﬂ%rﬂqﬁq]{e%%&ywlc field while passing through the

10 accelerator 20; and then, they are emitted to the inside of
the vacuum chamber 11.
The power supply source 25 is connected to the controller
29. The controller 29 is configured so as to change the
acceleration voltage applied to the accelerator 20 from the
15 power suppljr source 25 based on set information, and to thereby
be able to change accelerating energy of the ions of the process
gas.
Next, processes of manufacturing a magnetic recording
medium will be described.
20 Reference numeral 40 in Fig. 2{(a) denotes an object to
be processed. The object to be processed 40 has a substrate
41, a magnetic film 44 formed on one surface or both surfaces
of the substrate 41, and a protection £film 46 formed on a surface
of the magnetic film 44. It is to be noted that a foundation

25 film may be provided between the substrate 41 and the magnetic
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20Ref erence nuneral 40 in Fig. 2 (a) denotes an object to be
processed. The object to be processed 40 has a substrate 41, a
magnetic film44 formed on one surface or both surfaces of the
substrate 41, and a protection film46 formed on a surface of the
magnetic film44. It is to be noted that a foundation 25 film may be
provided hatween, the substrate 41 and the magnetic film 44.
I n the magne |c'%iln144, a portion to be processed 43 that is nade
non- magneti zed, _.and_a portign ngg'to be processed 42 that renmins
wi t hout non- magrét i MY T5toceds &t €% G Ef&ter M & PEARTESSSS 40 4%
transferred on the magnetic film44 using a stanper; an ion shielding
portion A47%HaSy ABdMafe LA RIITS T HEPdr PiNeha FOXHECT BsitsEo4e fgiocessed
shielding the ions is

42 that remains without non-magnetization process are

5 predetermined. A resist 49 is transferred on the magnetic film
44 using a stamper; an ion shielding portion 47 formed of a
thick £ilm porition of the resist 49 for shielding the ions is
disposed on the portion not to be processed 42; and an ion
permeation portion 48 formed of a thin film portion thinner

10 than the ion shielding portion 47 of the resist 49 for making
the ions permeate is disposed on the portion to be processed
43 (see, Fig. 2(b)).
Afilmthicknessof themagnetic film44 hasbeendetermined,
and there can be found energy for injecting a target element
15 required for making non-magnetize the portion to be processed
43 due to the film thickness of the magnetic film 44, and a
thickness and an area of the ion permeation portion 48 on the
portion to be processed 43. An injection amount of the ions
for making non-magnetize the portion to be processed 43 is
20 determined from a relationship calculated in advance between
an amount of magnetic property change of the magnetic fiim 44
and an injection amount of the ions.
When the ions are injected into the ion permeation portion
48 and the ion shielding portion 47, f£ilm thicknesses of the

25 ion permeation portion 48 and the ion shielding portion 47 are



di sposed on the portion not to be processed 42; and an ion perneation
portion 48 fornmed of a thin filmportion thinner 10 than the ion
shiel ding portion 47 of the resist 49 for nmaking the ions perneate is
di sposed on the portion to be processed 43 (see, Fig. 2(b)).

Afi |l mt hickness of the magnetic film 44 hasbeendeterm ned, and there

can be foqﬂg for. jinj [ at get n 5 | I f.ar

maki ng non- na%"‘%%emt ﬁéjl cpworﬁaﬁloc%g {f gtgeggrﬁo%lgég@% él%& urtga%t%g{ tl%%lfd%nngle

t hi ckness of the nagn tic.filmd44, and a thickness,and an area of th
0 l(a% 1 &)

i on per medt1hPEIHL 5S4 o LR ST Y pr GLESTRIE 45! TARTOunE.

I njection amunt of the ions for nmaking_non-magnetize the portion to
be procesé@% Y3 | 52 p9e et LEREREITEABAT RS r EPa ﬁ§ﬁiﬁ°@aﬂ@ﬂpﬁﬁé@eiﬁhe
advance between an anmount of magnetic property change of the magnetic
film 44 ambrtnidmiecid progssert 97 hakebeem$ ounde nand & hivgnsinraviamce,
ected into the ion perneation portion 48 and the ion shielding
porti oB 47 deichreaiskidckinessesoDithizheéi 2o tloicressealfi 0he pisi perméd tdacth
the ion shielding portion 47 are
portion 48 is calculated at the time of injecting the required
amount .

Reference numerals Ty and T; in Figs. 2{b) and 2 (¢} denote

filmthicknesses of the ion permeation portion 48, the reference
10 numeral Ty dencotes an initial film thickness at the time of

starting non-magnetization process before being etched by the

ions of the process gas, and the reference numeral T, denotes

a last £film thickness at the time of completing the

non-magnetization process in which the required amount of the
15 target element is injected.

When a depth from the surface of the magnetic film 44
toapositionat which the injection amount of the target element
is the maximum, defined as a "peak depth", the peak depth can
be changed in a range where zero is the lower 1limit and the

20 distance equal to the film thickness of the magnetic film 44
is the upper limit.

Reference numerals Dy and D; in Figs. 2 (b) and 2 (¢} denote
an initial peak depth that 1s a peak depth at the time of starting

non-magnetization, and a last peak depth that is a peak depth

25 at the time of completing the injection of a required amount

9



decreased in accordance with ion energy and an ion incidence tine
period (ion injection time period) . The injection anount of the
target elenent required to maki ng non-nagneti ze the portion to be
processed 43 has been found; and thus, in advance, 5 a decreased
amount of the filmthickness of the ion perneation portion 48 is

| cul at he ti i ect | .
%Zfg?egc:qﬁikg%aﬁgk?gﬁaggewgh?% '|gsﬁgga§%§ﬂgaggﬂﬁggﬂg%%ﬁ@ﬁ?sﬁiF%Fre
t hi ck f._the i ti t] 48, th f 10

nuner al 7o WerBies P PRR TGP F R LR CEeS b ie SRS BY S FERA]
non-nagnetization@grocess bef ore being etched by the ions of the

Yy
process g&& €aR8 PhBSY ef BP@rid s ris RFAF1AERABL £% PNHANE 1 [Where the
t hi ckness at the tine of conpleting the non-magneti zation process in

whi ch t he imdduiiarle peakodetdf Dhhés 15argeyethan ehlemt last ipgadetdapth Dy,
VWhen a depth fromthe surface of the magnetic film44 to a position
at whish = anpeciiiom afouhe pdalk deptay geteel rent ssbibeatax Ingide
defined as a "peak depth", the peak depth can be changed in a range

where zerqd § {B8ikeves dide tirpREdheatRediv3tanss eMdded & e Ji lith
t hi ckness of the magnetic film44 is the upper Iimt. Reference

Qorer et S0 B e ) LR BL A0, 2 18Lkdoh Baby
an 2 LSS eRkpAoBLY LABLYY 3, 25RER BB 25 P0e Wi LR Blpen noves
from the resist 49 side to the substrate 41 side in accordance

10 with the elapsed time of lon injection.

Calculated are an initial acceleration voltage V, that
can achieve the initial peak depth Dy when the £ilm thickness
of the ion permeation portion 48 is the initial film thickness
Ty, and a last acceleration voltage V; that can achieve the last

15 peakdepthD;whenthefilmthicknessof theionpermeationportion
48 ig the last film thickness T:, and then they are set in the
controller 29.
A vacuum ambience is formed in the vacuum chamber 11;
the object to be processed 40 in a state of Fig. 2(b} is held
20 Dby a holder 18 for holding the substrate so as to be carried
in the vacuum chamber 11; and the surface where the resist 49
has been disposed is made to face the accelerator 20 (Fig. 1).
Ions of the process gas are generated in a state where the vacuum
ambience in the vacuum chamber 11 is maintained; and the vacuum

25 chamber 11 is set at the ground potential.
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of the target elenment. There are the follow ng cases: where the
initial peak depth Do and the |ast peak depth Di are equal to each
ot her, and thus the peak depth is constant; where the initial peak
depth Do is larger than the | ast peak depth D1, 5 and a position of
t he peak depth noves froma substrate 41 side to a resist 49 side in

q it h . . D ection- . ap i

"t al peak depil BSOEoaasr 0 1vah AohPEShTnsk Rk R T e v
iti f the, dept h, th ist 49 side to t

Cubst 1 at e FPPLIHE FHe it i 66 C20 SAEH SPHES LTapR da T hee GRdegrrator

i njection. Cal cul ated are an initial acceleration voltage Vo

that can achiGANgeR The 3 IRIR R IBEIMET LIRSS I9RY Hiden sk idf

the ion perneation portion 48 is the initial filmthickness To, and a
| ast acceligritdoipyof ttdypergqui had agennicdhi sewgeielemantl 5s yeaip ledsich

D when the f ilmthickness of the ion perneation port ion 48 is the

| ast f Bl mdhircknerhs alkdce langh i fwnvbheygarel cadr to tthrel ashtacaldlera2zdon
A vacuum anbi ence is fornmed in the vacuum chanber 11; the object to

be processgsh Hyd 7,2 ahpl eedf i .adWadce lhalad i2h 12 ahel dervtdh ftafe

hol di ng the substrate so as to be carried in the vacuum chanber 11;

and the S%ﬁﬁ%?%g%ﬂ@ﬁ&ﬁi?éd%%o oy @P%Qr%&%%s&%ﬂéig%%gl%tf €

t he accel er ons of the process gas are generate
in a state %2% e_the vicgungggbienqe in Ehe %gcuun1chanber]&l IS the
mai nt ai ned AN Che°VRetibh? 25 T RS &P T ¢ ade ab T PRESGr ound™ ™9
potenti al . The controller 29 starts a non-nagneti zation
processlnPQﬂﬂﬂ%ﬂqﬁf%4ﬁ?¥?ﬁtP%?c%%%elEP%tPSHGQEFF5¢BHVHOQGaEﬁemaY be
accel erator 2, changes the accel eration voltage at | east one tine
unti| 1Pnj extddrmofy treduesili 9 diaiomtCcoit initges Ly eedwced s
conpleted, 5 brings the acceleration voltage closer to the | ast

accel erati on volWlege t¥é, paphldesti mevieas francehernatd ion: wol sade 84 the
when the injection of the required anount of target elenent is

conpl et ed, siagit e c@IRleet®S< blve, HRA RGN RIZAIIORO PELGE S S 1 doHdalR:d
t he non-nagneti zati on process, the acceleration voltage nay be 10

gradual I'y éc?gg%%cg&{ié@é/a%p%(ﬁrgéﬁﬁr@'délaﬁ fl?:fjé@@.l‘.jon depth corresponding

to a decreased amount of the xesist f£ilm or mozxe.

15 The lost film thickness of the resist f£ilm (amount of
decreased film) caused by the ion injection is increased. A
distance from the surface of the resist 49 to the peak depth
becomes short and a position of the peak depth from the surface
of the resist £ilm becomes shallow, so that when the peak depth

20 from the surface of the magnetic film 44 is made constant (D
= D;}, the acceleration voltage is reduced in response to the
increase of the amount of decreased film so as to make the peak
depth constant.

When a rate of decrease of the film amount (decreased

25 amount of the film per time) is constant, a rate of reducing

11



When the peak depth noves fromthe resist 49 side to the substrate 41
side (Do <Dl1l) , the acceleration voltage is increased so as to
achieve a depth equal to an inj ect ion depth corresponding to a
decreased anobunt of the resist filmor nore. 15The lost film

t hi ckness of the resist film (amount of decreased film caused by the

ion injecthon. LS.} [ St f u f .St
46 to | ne HEnRtSesPEb B e i AL BRI EE R ekl e !
fromthe surface of the.resist filmbecones_shallow, so that en_t he
beak dept OIS HRor The EAET actidicatne ragReite [ahesb it itors the
constant (Do = Dl1) , the acceleration voltage is reduced in response
to the i n(eEEEESSA pREVBRRIMT NG L Hkr 8adedt 9 APBETLABTt JIqHREEY hwhen
peak depth constant. When a rate of decrease of the film
anount (dédreenseall @pEmdiznnovedt fieoni il hopeenmtiany siidecohdthnmagaetare
of reducing the acceleration voltage (a reducing value of the

accel esat ifdnmvakt agebperatene) dindk)cales auvahue €dde eshadd mgghettke
decreased anmount of the film and it is constant. However, when the

peak dept lriiim guved,fxama betiomdacessida OfrddidmaReticeed ehrbltMohd
(substrate 41 side) to a surface side of the magnetic film44 (Do >

D) . it l\%hlg% SSALY 5 qqri;qq{EPer%ES ac‘ﬁ%%]' S | 9@d¥l8}:5899 Alt s ng?ﬂ?&;e

rate than t eduction e of e accel eration voltage at the ti
of maki ng _t he peak .dept.h constant. Oanversqiy when the peak de
s moved FrORIERA LS SO G { GRPnG an ety HARHE Se PRBcOBPFE
the acceleration voltage is increased so as to achieve the depth
equal to t998StE™cti on depth corresponding to the decreased amount of
the resist filmor nore. 15In other words, when the peak depth is
movedl®rom t he Fenivers4dysideendhehpealbdephhea sthoyedef YO KB yesishe
reduction rate of the acceleration voltage can be nmade constant or
smal | er thkanstike tedutki enbsatratef 4ttheidecéberation thkt agecakerbheon
time of making the peak depth constant. Furthernore, the
voltage is increased so as to achieve the depth egual to the
injection depth corresponding to the decreased amount of the
resist film or more.

15 In other words, when the peak depth is moved from the
resist 49 side to the substrate 41 side {(Dy « D;}, the reduction
rate of the acceleration voltage can be made constant or smaller
than the reduction rate of the acceleration voltage at the time
of making the peak depth constant. Furthermore, the

20 acceleration voltage can be increased in accordance with the
elapsed time of the ion injection. It is preferable that the
acceleration voltage fall in a range where the peak depth dees
not exceed the film thickness of the magnetic film 44.

When the peak depths Dy and D, are made constant, if the

25 peak depths Dy and D; are set in the center of the magnetic £ilm

12



20 accel eration voltage can be increased in accordance with the

el apsed tine of the ion injection. It is preferable that the
acceleration voltage fall in a range where the peak depth does not
exceed the filmthickness of the magnetic film 44. Wen the peak
depths Do and Di are nade constant, if the 25 peak depths Do and Di

are set in the _center.of the magneticc film _44.in a fil hi,ckness
direction qfﬂ%er%élofa} g H%Ci%%lccykno%%o%?ﬁﬁangé?ﬁal}eornecjlﬁ;’ t%kﬁF%ﬁ‘é“gK of
When the peak depth Do fromthe surface of the magnetic fjlm 44 d
the peak GWETRAINTEHATHA S Faee 610eHe: il FESrBFRF APRhT Cpadem
different, a region 5 in which the target elenent is injected noves
fromthe sthe se&feee Ré BBEtTERIRRELC df’rng{“hé4na§ﬁe‘¥1P% Hga¥dgpth Dy from
It is to be noted that the peak depths Do and D1 fromthe surface of

t he magnettilee Balkiré4 oy heanadraaged filont 4 roecasde tdd fdeoreeds ea arediragm
decrease to increase in the mddle of the 10 non-magneti zation
process. |ih Wi hCBEE, t Ay elledicdit 08 0] 4 Qe nfvdte L ERoACth € \Eu R e
set peak depth is examned; and it is then set in the controller 29

not only &l g dB G £d16 R ¢n@Nthlet e 11 Hf the conpletion

of the non-nmagnetization process, but in the mddle of the 15

the non-mg : . of the 15
D 0005S, appii cal G oF e e FPR Fin el PHIE, DAL ehe

gf‘og‘“ Lo R A P e Rt TP F LY a S U endiSea P HiePease

to decrease or from decrease to increase in the middle of the
10 non-magnetization process. 1In this case, an acceleration

voltage that can achieve the set peak depth is examined; and

it is then set in the controller 29 not only at the time of

the start and at the time of the completion of the

non-magnetization process, but in the middle of the
15 non-magnetization process.

After completing the non-magnetization process,
applicationof the accelerationvoltage is stopped, or the object
to be processed 40 is covered by a shutter etc. to thereby stop
irradiating the object to be processed 40 with the ions of the

20 process gas. The object to be processed 40 is carried out from
the vacuum chamber 11, and the resist 49 is removed. If it is
necessary, a lubrication layer or another layer is formed on
the protection film 46 by forming a new protection film after
removing the protection film 46 or by growing the protection

25 film 46 in order to increase the film thickness thereof, thereby

13



irradiating the object to be processed 40 with the ions of the 20
process gas. The object to be processed 40 is carried out fromthe
vacuum chanber 11, and the resist 49 is renoved. If it is necessary,
a lubrication |ayer or another layer is forned on the protection film
46 by forming a new protection filmafter renoving the protection

film46 or, b rQw ng. th r.of ecty.on f.i N rder taq,, ncrease
the film thi'c é%gii%§F§§¥gj¥%§F%%§mlgﬁhdﬁ%g%ﬁgufg%grﬁﬁﬁﬁ %Qdiun150

i s obtained (Fi%. 3),. . . l.on injection.,into the p%rtion not to Be
processed 42 isiP8t TPRLEARDD 1Bt Ehen@oT G OB ReIFdi-Rg PFoPEPGRSE RS &

| ocated at an upper part thereof; and reference nuneral 51 in_ Fig. 3
5 denot es i& pagneeTECPrRd iomICohsrsiPhFhdfe idiapprrtarndl iolesated
processed 42 that has been prevented from becom ng non-nagneti zed.

Ref er ence aturer apps2 parEi gheBedénoted wehoremegmaimerpbrili dm Fig. 3
consisting of the portion to be processed 43 which is non-nagneti zed.
The magnetdetdd@d is0Mmazrhdts dipdrdd@nl @onatictd gl wialtHey pof-tpoht noms thy
t he non-nmagnetic portion 52, and each divided magnetic portion 51

beconmes ayecprdi-gsRartidn Mher e Hagadbueht ot fORPBY | Grdnf becoming
per f or med.
non-magnetized. Reference numeral 52 in Fig. 3 denotes a
non-magnetic portion consisting of the portion to be processed
43 which is non-magnetized. The magnetic portion 51 is divided
10 into a plurality of portions by the non-magnetic portion 52,
and each divided magnetic portion 51 becomes a recording portion
where read/write information is performed.
Although there has been described above the case where
the magnetic film 44 is formed on one side of the substrate
15 41, the present invention is not limifted to this case, and the
magnetic £ilm 44 may be formed on both sides of the substrate
41. In such a case, both sides may be non-magnetized
simultaneously, or they may be non-magnetized cone by one.
It is preferable that the target element be, for example,
20 at least one element selected from a group of 0, B, P, F, N,
H, C, Kr, Ar and Xe. Two or more kinds of atoms, as described
above, may be injected. For the process gas, a gas is used that
contains one or more target element(s), as described above,
in a chemical structure thereof.

25 A structure of the magnetic film 44 is not particularly

14



Al t hough there has been descri bed above the case where the nagnetic
film44 is formed on one side of the substrate 15 41, the present
invention is not limted to this case, and the magnetic film 44 nmaybe
fornmed on both sides of the substrate 41. In such a case, both sides
may be non-nmagnetized sinultaneously, or they nay be non-nagnetized

b > ' f t . - :
20 a1 east e E B L EE Ao g P R S R S g 1 (AR
Kr, A Xe. T . ki nds of at . d i_bed ab b
0] et ed. For CAE A idess G AR P8 SRR LREL dontdrrst bl GIEEeL
nore target elenment(s), as described above, in a chem cal structure
t hereof . 25MA34R4A frid Ut 3fagheY FE f FPAPE4 F&/Ret daftFAREY 1Gx 2

limted as long as it contains nagnetic materials (such as, Fe, Co
and Ni) . GuRt éXamglldovarrmabeivfsied .al Thaddidd o, m frestse of aniimatrddine
filmsuch as, Co/Pd, Co/Pt, Fe/Pd, and Fe/Pt) or a CoPt (Cr) alloy
can besuseathgret addiddoaming tgpeasegnét aa fikmplaine £hrnagaebie, a £ilm
recording type nmagnetic film44, for exanple, a filmformed by

| ami nat i Nge @ YRR YBRE he t Chlyba frdGaidront 1 @yecaRguadh eF bANBYREE izha
CoCr Pt Ta magnetic | ayer can be used. Al t hough a filmthickness

of the io i i i i icularl iyt it is
made t hi CEEL %ﬁﬁ%ﬁ{e‘; 1e(;6l%rar1:giéafs ﬁ%ﬁ%é rrit:l %f)té(?ljéa}%:% 1'(E?%eéd'porti on
not to be proce framthe.start to the conpletion.of a. .
non- mgnet | zat i anhole AT BhhckBrhanet orE Rttt oA PR AR
such that the tar%et el ement can perneate it to reach the portion to

be process®d1SArP &@W%‘Fl‘él%?%‘(édt“il&?% n 48 ‘i‘asd%(')"lhlﬁéﬁ FPEUI%@?? the
limted, it canbenmade of, for exanple, at |east one protection

mat er L8l (TRl edemEnt oy godupesthcahbonotsienasot DT Halipaanassed
| i ke carbon)), hydrogenated carbon, nitrogenated carbon, silicon
carbi de (Si#dm the@Zarkr203hecarwhdidtion of a non-magnetization process.

The ion permeation portion 48 is made thin such that the target

element can permeate it to reach the portion to be processed.

Although the protection film 46 is not particularly

15 limited, it can be made of, for example, at least one protection

material (s) selectedfromagroupof carbon (suchas, DLC (diamond

like carbon)}, hydrogenated carbon, nitrogenated carbon,
silicon carbide (8iC), 8i0;, Zr,0;, and TiN.

Although the stamper is not particularly limited, it is,

20 for example, formed in a plate-shape in which a concave portion

having a plane shape substantially equal to the shape of the

portion not to be processed 42 is formed on the surface thereof

at the same interval as the portion not to be processed 42.

A method for forming the resist 49 using the stamper will

25 be described hereinafter. The resist 49 is held and pressed

15



Al t hough the stanper is not particularly limted, it is, 20 for
exanple, forned in apl ate-shape in which a concave portion having a
pl ane shape substantially equal to the shape of the portion not to be
processed 42 is formed on the surface thereof at the same interval as
t he portion not to be processed 42. Amet hod for forning the resist 49

using the st I rd.he t 049 is
hel d and presse émslete%gﬂ&h ar#p% %%?&Ihﬁ)tﬁ%ﬁ toErbe processed
40. The resist 49, ontalnln t.her | ast esin, is heate

whi | o pr c0 reBREatS notig o R niad, FBEEERbrGeh et knkl AR peRran
5 a top of a_convex portion, and then flows into a concave portion,
the ion shHEIR RFSH3-on 47 nmade of a thick filmof the resist 49 is
formed on the portion not to be processed 42. The resist 49 is not

t hor oughl y pushédnamayher emwstise #8p isf prkesedniex bgopusdbsd bweya fyemt

thereof remains as it is; and thus, the
5 atopof aconvex portion, and then flows into a concave portion,

the ion shielding portion 47 made of a thick £ilm of the resist
49 1g formed on the portion not to be processed 42. The resist
49 1is not thoroughly pushed away from the top of the convex
portion, but a part thereof remains as it is; and thus, the

10 ion permeation portion 48 made of a thin film of the resist
49 is formed on the portion to be processed 43.

The resist 49 is, when containing thermosetting resin
(such as, epoxy resin), hardened by heating, when containing
ultraviolet curable resin (such as, acrylate) hardened by

15 ultraviolet irradiation, and when containing thermoplastic
resin, solidified by cooling.

Adhesive property of a surface of the stamper to the
hardened (or solidified) resist 49 ismade lower than the adhesive
property of the resist 49 to the object to be processed 40,

20 and when the stamper is removed, the resist 49 on which the
ion shielding portion 47 and the ion permeation portion 48 have
been formed remains on the object to be processed 40.

In a photolithographic method, which instead of using

the stamper, has the resist 49 on the portion to be processed
25 432 etched halfway to form the ion permeation portion 48, and

16



10 ion perneation portion 48 made of a thin filmof the resist 49 is
formed on the portion to be processed 43. The resist 49 is,
when containing thernosetting resin (such as, epoxy resin), hardened
by heating, when containing ultraviolet curable resin (such as,
acrylate) hardened by 15 ultraviolet irradiation, and when contai ni ng
t her nopl ast | sin,..sQli,difie y ' esi Vv r r_t
TRE S B35S oo pRLPREP Gt oro &t e f 62 B

of a surface o he st anp

is made | ower than the adhesive property of the resist 49 to.the _,
obj oct 1 0 H5 TR ST IO H GHIGREPTE Sodo (D% St S Sling
resist 49 on which the ion shielding portion 47 and the ion

per meat i oPPOTAbIE 48 HavevB&enWheRneElRe nblihsStieeie Grjw tgmpdhe
processed 40. In a photolithographic nmethod, which instead of
usi ng t he phatrpleirt hdgsantiie: meshed, #@nof acharpoctpiorcessdpape sdogded ,
25 43 etched halfway to formthe ion perneation portion 48, and has

t he resi stardP solekbeapotit 06f it di dles pleactssed 4Benbdeisd 4&m@id an
wi t hout etching process to formthe ion shielding portion 47.

Hovever, wh&hdis)ng d el e thanddieoh@d ol | thographic

met hod, manuf acturi ngprocesses are sinpler, 5 and a | ess anount of

terial h [ 4 . is. d
't i s econom carte suBBEEEEESh LG B Bty I REEHE 28 At s
as long as,,it _is_non-magnetic .an

t

f | | trate, .
asi n Substs SO TATAT £ GGt O G A UM AR S GOLEF T Ecors FRE 1o
|l i ke can be used.

substrate, a ceramic substrate, an aluminum substrate or the
10 1like can be used.

A manufacturing method of the present invention is widely
applicable toamanufacturingmethod of magnetic recordingmedia
in which a part of a magnetic film is non-magnetized to separate
a plurality of magnetic portions; and specifically, it can be

15 used for manufacturing a variety of magnetic recording media,
such as DTR (Discrete Track Recording media) and BPM (Bit

Patterned Media) .

17



A manufacturing method of the present invention is w dely applicable
to a manufacturing nethod of magnetic recording nedia in which a part
of a magnetic filmis non-magnetized to separate a plurality of
magneti c portions; and specifically, it can be 15 used for

manuf acturing a variety of magnetic recording nedia, such as DIR

(Di screte d. i media) and BPM (Bit Patterned Media).
SCOPE OF éf%?%é‘%?kﬂ%gﬁﬁgacturing nmet hod for a magnetic recording

medi um conprising steps, of: arrangi a resist that incluydes anj.on
Shi el di ng Por t | ShTETHEACLRTEE BEFHea (s On 2pBrETEH. Rt HoF LG M,
t hi ckness thinner than the thickness of the ion shielding portion on
a magnet i CIMFRDMABE Rt 0 be processed having a substrate and
the magnetic filmarranged on a surface of the substrate; and
injecting the cerutarngiors aatemmstit thétdprloskssagdon ahieldheg pomtion
to be processed where the ion perneation portion of the magnetic film

i s | ocat ethrid) agr deh perhesoien nan-tresn ¢iave,g by ateedler@naws ithiimefer
the process gas and by perneating a constituent el enment of the

process gasmdioighnt BRnkQRPSE BB | it RAil1GN nglp¥hes BhNoh he magnetic
constituent elenment of the process gas is injected by changi ng an

accel eratign yold age o&a?%"cta‘ﬁ‘éebsr?%éeé@gdi ARGiRL 4 ?u]&é&%éé AP 3
as to make non-magneti Ze the portTon to be processed.
magnetic film arranged on a surface of the substrate; and
injecting the constituent element of a process gas in
10 the portion to be processed where the ion permeation portion
of themagnetic filmis located in order to become non-magnetize,
by accelerating ion of the process gas and by permeating a
constituent element of the process gas through the ionpermeation
portion,
15 wherein the constituent element of the process gas is
injected by changing an acceleration voltage that accelerates

the ions of the process gas so as to make non-magnetize the

portion to be processed.

20 2. The manufacturing method for a magnetic recording medium
accordingtoclaiml, whereinthe accelerationvoltage is changed
in response to the change of the f£ilm thickness of the ion
permeationportion in such amanner that a depth, fromthe surface
of the magnetic £ilm of which an injection amount of the

25 constituent element is the maximum, 1s constant.
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20 2. The manufacturing nmethod for a magnetic recordi ng nmedi um
accordi ngt ocl ai m , wher ei nt heaccel erati onvol t agei schanged i n response
to the change of the filmthickness of the ion perneationportion in
such a manner that a depth, fromthe surface of the magnetic film of
whi ch an injection amount of the 25 constituent elenent is the

maxi mum i s constant. 3. The manufacturing nethod for a nagnetic
recordi ng medium according to claiml, wherein the acceleration
voltage is, changed in_such_a nmanner, th a depth, fromthe surface of
Uhe. mgnet o 5 RS TORIRRFEHTANOITH ST A AORIRSR <L HECCOnets Frae
el enent is the nmaxi num. noves. 4. The manufacturing nethod for a
magnet i ¢ rAEERTHINRY FeFilaHaocBrer Bt FHS A SheTF At ¥ htagre1s changed
accel eration voltage is changed 10 in such manner that a depth, from
t he surf acier sfichhe meggrest tbati & Megithwhfrhmaphé jueftsiaen o nthe maghnethie
constituent elenent is the maxi rum noves fromthe side of the
substrat e ffidn kg shdehoknt hajeestish. addubt T e ufacttiriushtmetlkodnt
for a magnetic recording medi umaccording to claim3, wherein the

accel er at i ohvaold age:drfurehangeds i n such a manner that a depth, from
the surface of the magnetic filmof which an injection anmount of the

constituent elenent is the maxi num noves fromthe side of the resist
to the side 20 of the substrate.

4. The manufacturing method for a magnetic recording medium
accordingtoclaim3, whereinthe accelerationvoltage is changed
10 in such manner that a depth, from the surface of the magnetic
film of which an injection amount of the constituent element
is the maximum, moves from the side of the substrate to the

side of the resist.

i5 5. The manufacturing method for a magnetic recording medium
accordingtoclaimB,whereintheaccelerationvoltageischanged
in such a manner that a depth, from the surface of the magnetic
film of which an injection amount of the constituent element
is the maximum, moves from the side of the resist to the side

20 of the substrate.
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