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1 DESCRI PTION METHOD OF PRODUCI NG MAGNETI C RECORDI NG MEDI UM AND  MAGNETI C
RECORDI NG AND READI NG DEVI CE 5 TECHNI CAL FI ELD The present invention rel ates
to a nethod of producing a magneti gyggagpgidcpg nedium and a magnetic
recordi ng and readi ng device where the magnetic recording 10 nediumor the
magnetic recordi ng and readi ng device are used in a hard disk device or the
| i ke. BACKGROUND ART 15 In recent years, not only has the applicability of

magneti c recording devices such as a magnetic disk device, flexible disk
device, or maghB] D@%PBQDI&GDH&MA@B%ACMQRWMMMS

i nportance has been increased, but the recording density of a magnetic
recordi ng nmedi um usedMAGNBTIC RECORDENG AN READRER DEMIRTEKabl y i nproved.
In particular, the area density has been strikingly increased since an MR 20
head apd the PRML techni que were introduced. Recently, a GWR head, TMR head,
etc. have been introduced, and the area recording density has been

continuously increased at the rqiE,%I-ﬂ{I C?QB?EEL 0% per year. Achi evenent of
hi gher recording density is still soug% I n"dével opi ng such a magnetic

recordi ng nmedium Therefore, a higher coercive force, a higher
signal -to-noise ratio (SNR), and higher resolution are required in the
magnetic 25 recording layer. Additionally, in recent years, considerable
efforts have bedhe gessentaniventiofl relates teemsietinpd b pprasiukcingtalpagnetic kecoediog di ng
density but also the track density in order to increase area recording
density. medium, and 2 magnetic recording and reading device where the magnetic recording

10 medium or the magnetic recording and reading device are used in a hard disk device or

the like.
BACKGROUND ART

15 In recent years, not only has the applicability of magnetic recording devices
such as a magnetic disk device, flexible disk device, or magnetic tape device been
remarkably broadened, and its importance has been increased, but the recording density
of a magnetic recording medium used in such a device has also been remarkably
improved. In particular, the area density has been strikingly increased since an MR

20  head and the PRML technique were introduced. Recently, a GMR head, TMR head, etc.
have been introduced, and the area recording density has been continuously increased at
the rate of about 100% per year. Achievement of higher recording density is still sought
in developing such a magnetic recording medium. Therefore, a higher coercive force, a
higher signal-to-noise ratio (SNR), and higher resolution are required in the magnetic

25 recording layer. Additionally, in recent years, considerable efforts have been devoted to



The track density of the | atest magnetic recordi ng device reaches about 110
KTPI. However, as the track density is increased, nagnetically-recorded
data will interfere with 5 each other between adjacent tracks.

Consequently, the nmagnetic transition region of the boundary portion will be
a noise source, and it is likely to inpair the SNR This leads to a
increase of the bit error rate, and such a problemis an obstacle to

ansi vy, iRerpesiRERT ety thel5oR piebitind Ny ol ot BIRRR Bt R ORI o |

magneti zation and nmagnetic_thickness in each recording bit on the nmagnetic
recor di ng ineraasgrarenregpigingrdeasifyust i ng the size of each recording bit to be
smal l er. However, as the recording bit is made smaller, the nagnetic m ni num
vol ume per bit The trhelbdemsitpbf thedatdst infeghetic fecardingndevive reachebhalbdut 18¢RTHREd dat a
di sappear due to the flux reversal caused fromheat fluctuation. 15

Fur t her morig, wlRE Al ke fritk dnsityPi %r@ﬁ%&‘,’%ﬁ%n%ﬁ@aﬁ#ﬁe&&d@&&ﬁtﬁ%ﬂ intSHER with

magnetic ‘recording device requires an extrenely precise track servo

t echnol.ogy, ,and al so, a_..techni que | ener.al adopt.e .n which recording
< br odal ee e betiepSaipiEt Rackic , CondtRRL R N FERREBrpalt AR £ o
exclude the influence from adjacent tracks as nuch as possible. In this
met hod, t ROUPGATY PEFaR Wik hestnoise source, anthit bdikelnioimpal the MRy e Thivlgads; | s
difficult to attain sufficient reading output in the nmethod, and there is a
pr obl em i ro a\iliredseiof thesbitiertdrirate] and smchbipadblern isarf dbstackanto iR vidpthexanpl e of
a nethod which attenpts to solve the problemof the heat fluctuation, to

attain a seddriipp@Rhsi§NR, or to attain a sufficient output can be mentioned.
In this nmethod, "an attenpt is nmade to increase the track density in the
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physi ‘i%' | )iarsggsgt%ro?stiglersgt%?arﬁ%in r?r?agtxlgt?z(:aﬁ%n fa1r1 r”ﬂa%ﬁ‘ecuré tg.{chei\és’s in each recording bit on
the magnetic recording medium by way of adjusting the size of each recording bit to be
smaller. However, as the recording bit is made smaller, the magnetic minimum volume
per bit will be small, and there is a problem in which recorded data disappear due to the
flux reversal caused from heat fluctuation.

15 Furthermore, because the distance between tracks is narrower, such a magnetic
recording device requires an extremely precise track servo technology, and also, a
technique is generally adopted, in which recording is broadly done, and reading is done
narrower than recording in order to exclude the influence from adjacent tracks as much
as possible. In this method, the influence between tracks can be minimized. However,

20 it is difficult to attain sufficient reading output in the method, and there is a problem in
which it is difficult to obtain a sufficient SNR.

An example of a method which attempts to solve the problem of the heat
fluctuation, to attain a sufficient SNR, or to attain a sufficient output can be mentioned.

In this method, an attempt is made to increase the track density in the following way.

25  That is, a projected part and a recessed part are formed on the surface of the magnetic



t hereby increasing the track density. Such a technique is called the
"discrete track nethod", and the nagnetic recordi ng nedi um produced by the
nmethod is called as a "discrete track nmediunt. 5 As an exanpl e of such a

di screte track nmedium a nmagnetic recording nmediumis known, where the
magnetic recording nmediumis fornmed on a non-magnetic substrate having a
projected and recessed pattern on its sdrface, and physi cal | y- separ at ed
magnetic recording.tracks and a serva.signal pattern are_forne her ei n
(For  exampForaibg siih A0S SEEks B bR A, BPRts R RS SORLESR ARG rmedi um
a ferromagnetic layer is forned through a soft nagnetic |ayer over the

surf ace oftheraly ingregsing the thackidegsity. pISuei piteohnisjue i eslled thef ‘digeeete fraglessed parts
thereon, and a protective layer is further fornmed on its surface. In the
magnet i ¢ neethod!l, agd thedhagietiarecagigl medinarrodiced byahe method if calleddisian t he
projected part, and the nmagnetic recording region is physically divided
fromthe sy | edipgreof . 15 According to the nmagnetic recording

medi um generation of a nagnetic donain wall can be prevented in the soft
magnet i.c | ayer. ,Consequent | the.influence of heat fluctuation i.s .

negl i gPbl e, and FilerrmPlsugh e dissite ekl § MaghetiTesoting edin i
Therefore, it is  considered that a high density magnetic recordi ng nmedi um
whi ch exhikBpwa, wherg theomggnetigecosding madiie is fozueémaapaﬁm@eﬂq substeatiet hod

i ncludes the following two techniques. That is, a technique wherein tracks
ar e f or measingerprajented aad razessed pattérn gniedurface, and pliysivglly seperatedl ntaghetid ayer s
Is fornmed; or a technique wherein thin |ayers of the magnetic recording
medi um ar GedR8iAR %ablky Afdld 4rR)sigMe patkrh ARSopheAthRHRS [F @HeRaipleasheameat or af ter
a recessed and projected pattern’is formed on the thin |ayers for the
track-forq&&%ﬁg P@ﬂ be 25 nmentioned (for exanple, see Patent Docunent 2 or
3). The forner technique is often 4

bl

10 In this magnetic recording medium, a ferromagnetic layer is formed through a
soft magnetic layer over the surface of the substrate having a plurality of projected and
recessed parts thereon, and a protective layer is further formed on its surface. In the
magnetic recording medium, a magnetic recording region is formed in the projected part,
and the magnetic recording region is physically divided from the surroundings thereof.

15  According to the magnetic recording medium, generation of a magnetic domain wall can
be prevented in the soft magnetic layer. Consequently, the influence of heat fluctuation
is negligible, and interference between adjacent signals does not occur. Therefore, it is
considered that a high density magnetic recording medium which exhibits less noise can
be produced.

20 The discrete track method includes the following two techniques. That is, a
technique wherein tracks are formed after a magnetic recording medium including
several thin layers is formed; or a technique wherein thin layers of the magnetic
recording medium are formed directly on the surface of a substrate in advance or after a
recessed and projected pattern is formed on the thin layers for the track-formation can be

25 mentioned (for example, see Patent Document 2 or 3). The former technique is often



cal l ed "magnetic | ayer-processing type". The technique has a di sadvantage in
which the nediumis likely to be contam nated during the production process
because physical processing is conducted on its surface after formng the
medi um and the production process is very conplicated. On the other hand,
the latter method is often called an 5 "enbossing type", and contam nation
during its production process hardly octurs. However, the recessed and

pr oj ect ed Re forped on the substrate will pass into |ayers. for

Pher con. - SRIBAEBets RePPTogSs B e ol i IHPIGH Pt Fo Y88 9 PRI B « he
flying height of a recording/reading head, which record or read data while
flyi ng ovatediuseis liksdly orhe contanrivated during-the poodugtiom progessdecause phisicalet hod i s
di scl osed (see Patent Docunents 4 to 6). In the nethod, ions such as

ni trogen gfocessieis canducted @citechrias after fdﬂﬂﬂF&lheCmbdiuﬂf, ahdthieggoduttioadvance, or
a laser beamis irradiated to the nagnetic | ayer whereby magnetic properties
of the tr : | g dnk i ' t: gnetic
tracks of ﬁt?c[plg% 1%?@%?%’?‘1 éﬁl t"?tggﬁ %élﬁont]h 8‘1 Eb%%e Pﬁtﬁﬁgﬁl%\ﬁﬁ%}:@%{l ir&(;n or the

| aser jrradiation dapages the magnetic l.ayer.in this t hod, and a

pr of ecl ed SRR BELERD (4] $QRATIREIL O BTEdT FROTHRLIOn SFORO AR S Hr t he
magnetic |ayer. Additionally, the enerqy density is low wth respect to the
entire suHoseEer, the reepssedeagidmroiested nh@e%emmrauh@ﬁ@bsgmetwélp&rif Hde ayefsons or
the | aser has high energy, and there is a problemin which this requires a
| ong- t er mfdrined theredn. t o hepefofey tHebee!s aapgatsiémdn 2high thp Elyirggsositfontand thntire
surface of the nedium In addition, Patent Docunent 7 discloses a patterning

met hod foggggﬁg@lggfgfeagmég%%ﬁngm&w D rRE RO a@aﬁémleg@@v&aﬁe of a

f erromagn recording nmediumis expo 0 an active
reaction ﬂaﬁ' containin 1& hal ogen to fluorinate the ferronmagnetic materi al
wher eby t "@?’%%‘Er}r‘? 't material is formed into a 25 non-ferr omagneti c
body.
10 Furthermore, another method is disclosed (see Patent Documents 4 to 6). In
the method, ions such as nitrogen or oxygen are injected into a magnetic layer formed in
advance, or a laser beam is irradiated to the magnetic layer whereby magnetic properties
of the treated portion are modified to form regions between the magnetic tracks of the
discrete track medium.
15 However, the ion injection or the laser irradiation damages the magnetic layer in

this method, and a projected and recessed structure is often formed on the surface of the
magnetic layer. Additionally, the energy density is low with respect to the entire surface
of the medium in this method although the injected ions or the laser has high energy, and
there is a problem in which this requires a long-term treatment to modify the magnetic

20  properties of the entire surface of the medium.

In addition, Patent Document 7 discloses a patterning method for a magnetic
material wherein an exposed area of the surface of a ferromagnetic layer of a magnetic
recording medium is exposed to an active reaction gas containing a halogen to fluorinate
the ferromagnetic material whereby the ferromagnetic material is formed into a

25 non-ferromagnetic body.



5 Patent Docunent 1: Japanese Unexam ned Patent Application, Publication
No. 2004-164692 Patent Docunent 2: Japanese Unexam ned Patent Application,
Publ i cation No. 5 2004-178793 Patent Docunent 3. Japanese Unexani ned Patent
Application, Publication No. 2004-178794 Patent Document 4: Japanese
Unexam ned Patent Application, Publication No. H5-205257 10 Patent Docunent
5. Japanese Exami ned Patent Applicationd Publication No. 2006-209952 Patent
Docunent 6: Japanese_Unexam ned Patent Application, Publjcation No.

2006- 309841 Pat éatentecmaent 17: Japapassddrnexeminesnhatend ApplicationaBublication die;
Publication No. 15 2002-359138 DI SCLOSURE OF | NVENTI ON Because the net hod
di scl osed2004-P6469% Docunent 7 does not include 20 physical - processing of
the magnetic |ayer, the nethod can prevent the magnetic |ayer from being
cont am nat ed during processing. Furthernore, the nethod can also acconplish
nodi fication of magnetic properties of the magnetic layer in a short tine,

COMar e 10 1 ln el 03Bk BS SR S BB AORSEL

Document i , a fluoride such as 6 <cobalt fluoride is fornmed around
t he rragneép@'#z%ggrdi ng region. Recently, it was found

Patent Document 3: Japanese Unexamined Patent Application, Publication No.
2004-178794

Patent Document 4: Japanese Unexamined Patent Application, Publication No.
H5-205257

10 Patent Document 5: Japanese Examined Patent Application, Publication No.

2006-209952

Patent Document 6: Japanese Unexamined Patent Application, Publication No.
2006-309841

Patent Document 7: Japanese Unexamined Patent Application, Publication No.

15 2002-359138

DISCLOSURE OF INVENTION

Because the method disclosed in Patent Document 7 does not include
20  physical-processing of the magnetic layer, the method can prevent the magnetic layer
from being contaminated during processing. Furthermore, the method can also
accomplish modification of magnetic properties of the magnetic layer in a short time,
compared to use of an ion beam or the like for modification of magnetic properties of the
magnetic layer.

25 However, when the method of Patent Document 7 is used, a fluoride such as



that such a fluoride gradually eroded the magnetic |layer in the magnetic
recording region. In particular, it was discovered that nmagnetic
recordi ng/ reading properties were lowered over time when a hard disk drive
usi ng such a magnetic recording nmediumwas utilized 5 under conditions of
hi gh tenperature and hum dity. The present invention is to produce a
so-call ed "discrete track-type nagnetic6 recording medi unf or "patterned
medi uni’ havj t he, foll ow.n ures at a hi roduction rate ysi

Sl 11 oot Ao dorred Harnaiihe aRadiroerer e ssPaRng el wes Hidnaye
recently faced technical difficulties as recording density increases, the
produced tatgpela Bueride graduallyreoded ghemiagnatisdayati mgwmgnam ocopding eagiond
medi um can attain recording/reading properties equival ent or superior to

convent i onalpaniediag, it wandisceveridihdtinyagneds ereriingdieadiag Picheniesdedts idwerednd can
prevent write-errors during magnetrc recordi ng by way of decreasing the

g S ek A (R kU ARt G

recor di ng pattern areas. Furthernor netic
record di um erned nedi um.has hi gher area recording density,

hi gher surJ"F1 ?&@F@Pﬁggﬁﬁlgéﬁﬁn%%{%‘arqm%%& Y-onnental resistance. In order to
sol ve the above-described problem the present inventors conducted

i nt ensi ve st udi ddeprrserionvension it 19i producs d soeaplled, “diperets teaskhyps megneticon. That
is, the present invention relates to the follow ng aspects. 20 (1) A nethod

of pr oducire@rdingagdainor ‘Gatemied ehedindi’Uinavivag/the golbowing featirecad d highepar at ed
magnetic recording pattern, the method including: formng a magnetic |ayer

Over a NONyARRAGH ke ﬁ&iﬁgh’éﬁﬁﬁlﬁeﬁ’iﬂeﬁmn FRR RSV iR Eﬁ’&ﬁc@i c#’kfevld@gnetic
| ayer partially to reactive plasma, or a reactive ion generate n the

A S A PR B BB
g netlbc rd?s%?ertg 1|:ch grpg trga{&etllcsre]cgrrdmg rnedlum or patterned medium can attain
recording/reading properties equivalent or superior to conventional media, can
remarkably increase the recording density, and can prevent write-errors during
magnetic-recording by way of decreasing the coercive force and residual magnetization
in regions between magnetic recording pattern areas. Furthermore, the discrete

15  track-type magnetic recording medium or patterned medium has a higher area recording
density, higher surface-flatness, and excellent environmental resistance.

In order to solve the above-described problem, the present inventors conducted
intensive studies thereon, and this resulted in the present invention.
That is, the present invention relates to the following aspects.

20 (1) A method of producing a magnetic recording medium having a
magnetically-separated magnetic recording pattern, the method including: forming a
magnetic layer over a non-magnetic substrate; and then exposing a surface of the
magnetic layer partially to reactive plasma, or a reactive ion generated in the plasma to

amorphize the portion of the magnetic layer and to modify the magnetic properties of the

25  portion whereby a magnetically-separated magnetic recording pattern is formed.



(2) The nethod of producing a magnetic recordi ng nedium according to (1),
wherein the nmagneti zati on magni tude of the portion of the magnetic |ayer
which is exposed to reactive plasma is adjusted to 75% or | ess of the
original magnetization nmagnitude thereof in nodifying the magnetic
properties. 5 (3) The method of producing a nmagnetic recordi ng nmedi um
according to (1) or (2), wherein the cdercive force of the portion of the

magnetic | ayer jch,is exposed to. reactive plasm is.adjusted to,50% or
o5 of Cthe or i 4Phal e SRR rodibing aignenst e o BB me Ry R R s ¢
properties. (4) The nethod of producing a nmagnetic recordi ng nmedium

accor di ng Whrreipyhe magratigatign magnitude oSthe powdoreofthe magneticdaysravirlisma i s

pl asma whi ch i ncl udes an oxygen ion generated by introducing a oxygen gas.

(5) The netxbostddd reactideiplanga & adhgpted to 750eonlesh ofgheedgingh magetighition t o any
one of (1) to (4), wherein the reactive plasma includes a hal ogen ion. (6)

The et hoqn%ﬁbggf)g%%g?g‘% ﬁ‘g%ﬁﬁhﬁgﬁgwﬁ@i um according to (5), 15

wherei n the por etic Ich is exposed to the hal ogen
ion dogs not s taptialdy include a halide of subst ance constit.uting the
magnet Pc | ayer. Lt?g) ﬂﬁ@e@tﬂf& ucﬁ}g@dﬂﬁﬂ?gcée% %ﬂe@%g&”&ﬁ%hwégf’ﬁm
according to (5) .or. (6), wherein the reactive plasm inc]udes oxygen and a
hal ogen. (@) wheeeintherrograve ioresRichaperionalthetmagnetie iyen whichisexpesedioor di ng
to any 20 one of (5) to (7), wherein the magnetic |layer is exposed to

pl asna i natadtivagplasmpdeadjustedito 5036 or lekeofhgoepinal tarydve facethpresih t 0 pl asma
including a halogen in exposing the surface of the magnetic |ayer partially

to reacti%@hﬁ%@eﬁﬂaﬁ@gé dopBR@geti ¢ properties of the portion of the
9

magnetic | ayer. ) The net hod of producing a magnetic recordi ng nmedi um

2ccor 9119 10 ante, PpEREuR o ol PR AL BB 0 O
10 one of (1) to (3), wherein the reactive plasma is plasma which includes an oxygen ion
generated by introducing a oxygen gas.
(5) The method of producing a magnetic recording medium according to any
one of (1) to (4), wherein the reactive plasma includes a halogen ion.
(6) The method of producing a magnetic recording medium according to (5),
15  wherein the portion of the magnetic layer which is exposed to the halogen ion does not
substantially include a halide of a substance constituting the magnetic layer.
(7) The method of producing a magnetic recording medium according to (5) or
(6), wherein the reactive plasma includes oxygen and a halogen.
(8) The method of producing a magnetic recording medium according to any
20 one of (5) to (7), wherein the magnetic layer is exposed to plasma including oxygen, and
then the magnetic layer is exposed to plasma including a halogen in exposing the surface
of the magnetic layer partially to reactive plasma to modify magnetic properties of the
portion of the magnetic layer.

(9) The method of producing a magnetic recording medium according to any

25  one of (1) to (8), further including injecting an ion partially to the surface of the magnetic



8 layer before exposing the surface of the magnetic layer partially to
reactive plasma. (10) The nethod of producing a nagnetic recordi ng nedi um
according to (9), wherein the injected ion is argon or nitrogen. (11) The
met hod of producing a nagnetic recording medi umaccording to any 5 one of
(5) to (10), wherein the halogen ion is a halogen ion which is formed by

i ntroducing into the reactive plasma at 8l east one hal ogenated gas sel ect ed
fromthe grou consi st i of ,.CF4, SF6, CHF3, CC 4, and KRr. (12) The nethod
o *br oduc Y BB EE e Srioh T e BOP RO VB RSB (5) 1o
(11), wherein the halogen ion is an F ion. 10 (13) The nethod of producing a
magnet i ¢ recor di{(HY nEes mathed o6predneing e meagpetioresorling medinm geeoydingdedPhi n,
after the magnetic layer is formed over the non-magnetic substrate, a

resi st patvietdin iy infeotediigistdigonagiiedgenal | y- separ at ed magnetic recording
pattern is forned on the surface of the nmagnetic |ayer, and then, a portion

which is not ¢ r | ks E N t ive
Dl hrta to modi {3 ngrsy btk BEploBRLE, afichEl (e Rt Bobind €307 1€ 1

o1 oduck ng o2 REGHAE F10%, WEGFih ht belbeLinr st op BBySramiay Sttt (1) o (13).

wherein a resjst pattern is fornmed after a protective |ayer is formed on

t he nagnetipttodugipgrintothe reashiverplasmbetenst one halognnated gas seledebfrom the gtupi ng
medi um according to (14), wherein, before exposing the surface of the
magnet i ¢ lcaysistingaoftGHal 8ks, ChIR;08C1,| ared KBasnma or a reactive ion generated in
the plasma, the resist pattern is formed on the surface of the protective

et hod of produs Mg Bt B e R i FackOiig wlak) The
one of (5) to (11), wherein the halogen ion is an F ion.

10 (13) The method of producing a magnetic recording medium according to any
one of (1) to (12), wherein, after the magnetic layer is formed over the non-magnetic
substrate, a resist patiern for forming the magnetically-separated magnetic recording
pattern is formed on the surface of the magnetic layer, and then, a portion which is not
covered with the resist pattern is exposed to the reactive plasma to modify magnetic

15  properties of the portion, thereby forming the magnetically-separated magnetic recording
pattern.

(14) The method of producing a magnetic recording medium according to any
one of (1) to (13), wherein a resist pattern is formed after a protective layer is formed on
the magnetic layer.

20 (15) The method of producing a magnetic recording medium according to (14),
wherein, before exposing the surface of the magnetic layer partially to reactive plasma or
a reactive ion generated in the plasma, the resist pattern is formed on the surface of the
protective layer after the protective layer is formed on the magnetic layer.

(16) The method of producing a magnetic recording medium according to any

25  one of (1) to (15), wherein the magnetic recording pattern is a perpendicular magnetic



25 one of (1) to (15), wherein the magnetic recording patternis a

per pendi cul ar magnetic 9 recording pattern. (17) A nmagnetic recording and
readi ng device, including: the magnetic recording nmedi um produced by the
met hod of producing a magnetic recordi ng nmedium according to any one of (1)
to (16); an actuating device which actuates the magnetic 5 recordi ng nmedi um
in the recording direction; a nmagnetic Head which includes a recording part
and a readin art: a systen1mh|ch noves the magnetic head relatively to the
magneti c F@Eﬁqﬁgﬁﬁ ¥Edi um and a recording and reading signal - processi ng
unit which inputs a signal to the magnetic head and whi ch reads an out put

si gnal from t he (WAgnAmagnetieregording mdreading devies, inrdudingsdbrmagngiient i on, a
magneti ¢ recordi ng medi um whi ch has excellent magnetic recording

pat t er n- s egmirding Agdiure pesducedbythed neethed dirbdiigdha magasticheogrditgnsediym
properties, and which is unlikely influenced by the signal interference

bet ween a@bﬁcﬁ&iﬁ%ﬁgng Sﬁé‘éf(qz @%) %%gl afif %Vﬁéwéc Qhﬂﬁ PRy ile MApdefke W th

regard to t ic rec erein the nagnetic Tecording

patterp is_for. ter he 15 netlcl r t he

Pon: magine £rTSTE St in {ogFeoRuRE ACoHch a ERr bhepl MR RS Pesating: by
the present inventign has excellent surface-flatness, the nmagnetic

r ecor di ng Pagand mreadingpart govstem which maygstheiragnetic headi relatizely to &idi ng devi ce
t hat enables | owflying height of a nmagnetic head. Furthernore, because the
magnet i ¢ mexpnetie regordixg medliain; the a proasding aﬁmmdﬁmgaiguaﬂﬁrobassh@mﬁﬂl wisoh

envi ronnental resistance, the magnetic recordi ng nmedium can be stably used

e oSSR D R D el S RPN i 21
head.

10 According to the present invention, a magnetic recording medium which has
excellent magnetic recording pattern-separating properties and excellent high
recording-density properties, and which is unlikely influenced by the signal interference
between adjacent patterns can be produced at a high production rate with regard to the
magnetic recording medium wherein the magnetic recording pattern is formed after the

15  magnetic layer is formed over the non-magnetic substrate.

Because the magnetic recording medium produced by the present invention has
excellent surface-flatness, the magnetic recording medium can be applied to a magnetic
recording and reading device that enables low-flying height of a magnetic head.

Furthermore, because the magnetic recording medium of the present invention

20  has excellent environmental resistance, the magnetic recording medium can be stably

used under conditions of high temperature and humidity (for example, applicable to a car

navigation system).

BRIEF DESCRIPTION OF THE DRAWINGS

25



25 10 FIG 1 shows a cross-sectional structure of the magnetic recording
medi um according to the present invention. FIG 2 shows a configuration of
t he magnetic recording and readi ng device according to the present
invention. 5 FIG 3 explains the method of producing a magnetic recording
medi um according to the present invention. FIG 4 shows the change in the
magneti zati on magnitude before and afteld the treatment of the magnetic
recordi ng medi um sho in Exanple 1 with reactive plasma. . In FJG 4, (a)

refers to befor&l¢rk qress-seginalistrs ture of the mpgnRtic sxerdipe msduma while 10

(b) refers to after treating the magnetic recording nmediumwth reactive
pl asma. Fla@®ding tathei prgseahinvbmtiinng results of X-ray diffraction anal ysis
before and after treating the nmagnetic |ayer with reactive plasma. In FIG

5, (a) refers t@l@ Bilpwala doafigiatioh bEMkeinmbHieratBaigl Ard readiftg duditd reactive
pl asma while (b) and (c) refer to a signal after treating the magnetic

| ayer wit Qﬁéo‘?ﬁﬁ itﬁfﬁlgpérg%gﬁ%n@&p)’ a bias voltage is applied to the 15

substrate durin and oxygen is added to the plasnma. The

nunerical synbol _~1" refer to’ on- netic substrate; the.nunerical
synbol g2 refeh(}'boe’%ﬁim%%ﬁ? ?fji}ggq? a magnelic reeArdingaRadiym | ayer: the

numerical synbol "2a" refers to an soft magnetic |ayer; the nunerical
symbol " 2i8tcardingte thecpresent invemdtamedi at e | ayer; the nunerical synbol "3"
refers to a magnetic |ayer; the nunerical 20 synbol "4" refers to a

non- magneti zed FiGer shoRehactmpe hethe soupRetization nisghitide Before andbfiteiti ve
| ayer; the reference nuneral "6" refers to a resist pattern; the nunerical

symbol " 1jreafniing BPmE%%gggéfeFﬁ%lﬁ%ﬁ@&%hH%% (%S(Q;%Blééul”?{tk C&otivy Plagha, 27"

refers to a magnetic ner | efers to a
head- act u%ﬁ@ uni.t: .t ebré%lor{ee

4, (a) refers to ‘El'iegtﬁllg the recording medium with reactive plasma while
10 (b) refers to after treating the magnetic recording medium with reactive plasma.

FIG 5 is a diagram showing results of X-ray diffraction analysis before and after
treating the magnetic layer with reactive plasma. In FIG 5, (a) refers to a signal before
treating the magnetic layer with reactive plasma while (b) and (c) refer to a signal after
treating the magnetic layer with reactive plasma. In (b), a bias voltage is applied to the

15  substrate during the treatment, and oxygen is added to the plasma.

The numerical symbol “1” refers to a non-magnetic substrate; the numerical
symbol “2” refers to an soft magnetic layer and an intermediate layer; the numerical
symbol “2a” refers to an soft magnetic layer; the numerical symbol “2b” refers to an
intermediate layer; the numerical symbol “3” refers to a magnetic layer; the numerical

20  symbol “4” refers to a non-magnetized layer; the numerical symbol “5” refers to a
protective layer; the reference numeral “6” refers to a resist pattern; the numerical
symbol “11” refers to a medium-actuating unit; the numerical symbol “27” refers to a
magnetic head; the numerical symbol “28” refers to a head-actuating unit; the numerical

symbol “29” refers to a signal recording and reading unit; and the numerical symbol “30”

25  refers to a magnetic recording medium.



synbol "29" refers to a signal recording and reading unit; and the nunerical
synbol "30" 25 refers to a magnetic recording nedium 11 BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON The present invention relates to a nagnetic
recordi ng nmedi um having a 5 magnetical | y-separated nagnetic recording
pattern over one side of a non-magnetic substrate. The fornmed magnetic

| ayer is exposed to an ionized content }ln reactive plasma or plasm to

anor phi ze the portion of the magnetic |ayer, thereby producing a region

whi ch separates the magnetic recording pattern part. The nethod of producing
a magnetic recording nediumaccording to the present invention, during

magnetically 10 sepaBESTAJODEEOR ¥INSCHIE THE BAYENTIONart, does not

cause dust generation, which frequently occurs in the step of physically
excising the magnetic layer (for exanple, by way of ion-mlling) as
I ncluded in conventional production nethods. Furthernore, the production

net hod of the pr ' | 1 Weled Yin@s | Nj ecting
ions into the H@S?gétsf%ﬂ]ﬁg%?ﬁ?? %s&ayﬁ%%@gﬁdﬁﬁ%ﬁg%ﬁﬁenﬁagnet iC

| ayer) . 15 In the present. invention,..the netic l.gyer that forms the
magnet o APy e paR TR S S BURE RASR 01 AR SAY CLARSNIAE i oact | ve

pl asma or plasnma to anorphize a portion of the magnetic |ayer. Wen the
magnet i c [suYstratq. s Thefonned magnetia daviey is sxpasedde an domzad; qestenbin Teadiiveed product
of a magnetic alloy is produced on the exposed portion. For exanple, as

di scl osed plasnfaairgidsmacto anpnhize thepenioa ofthdmagrttichayes tharetyt produciag axposed 20
to fluorine ion plasma, the Co-based magnetic alloy is converted to cobalt

fluoride i ' AR gShhdhetid Rcdrdi | ' K. ctive
Dl asrm. hande B T B P TS T e

TROneL! Skl Skl Pl R B Mol AR b gL TG T
SUCN Q0" Gadrating (56 magnetic rovording pafiem part, Aotk not cause dust Beneraion, wiich L ©
frequently occurs in the step of physically excising the magnetic layer (for example, by
way of ion-milling) as included in conventional production methods. Furthermore, the
production method of the present invention does not include a step such as injecting ions
into the magnetic layer (i.e. a step which damages the magnetic layer).
15 In the present invention, the magnetic layer that forms the magnetic recording
pattern is exposed to an ionized content in reactive plasma or plasma to amorphize a
portion of the magnetic layer. When the magnetic layer is exposed to reactive ions or
the like, an ionized product of a magnetic alloy is produced on the exposed portion. For
example, as disclosed in Patent Document 7, when a Co-based magnetic alloy is exposed
20  to fluorine ion plasma, the Co-based magnetic alloy is converted to cobalt fluoride which
is non-magnetic. This is because ions included in reactive plasma have high reactivity,
and the ions are easily reacted with the magnetic alloy, etc. In the method of producing
a magnetic recording medium of the present invention, with respect to the magnetic layer

exposed to such a reactive ion, etc. the magnetic alloy is not non-magnetized with a

25  reaction product of the magnetic alloy and an ion, but is non-magnetized by way of



25 reaction product of the magnetic alloy and an ion, but is non-magnetized
by way of 12 anorphizing. This is because such ions used for

non- magneti zing the magnetic layer gradually diffuse into the surroundi ng
magnetic alloy that forns the magnetic recording pattern, thereby inpairing
magnetic properties of the portion over tine, and therefore such inpairnent
t hereof needs to be prevented. 5 Wth rﬁbard to the nmethod of anorphi zi ng

t he magnetic al.l.oy of,. the portion b reacting the magnetic all.oy with

Foact v, prisazing nobisdbdiRusean s esehior i magae e Behadteti Sl doq

agai nst the magnetic alloy to physically destroy the structure of the
portion camdvellydiffuse inde theviwriovnding magneticaloyhatiferms tha emagagiertecerding oy i s
reacted wth ions in reactive plasna to produce an ionized product of the
nmagneti c ghattery, therelly 1fipailiap magnkiic propertionozthe ponivhavertink, rdeherefpret i ¢ al | oy
I's renoved can be also considered. For exanple, a technique wherein a

Co- based @ﬁ&pﬁo%agﬁ@n#%ﬁo?ggé@gﬁﬁg%&eﬁ eactive fluorine ion to form

non- magnetic c , e cobalt fluoride is heated to only
renove_t he fluokj.ne thereof, and.an anorphous Co-based.all whose,cryst al
Ceructire i s dedtibyend s b maftod 3 BN fertrenate W wfuPORER o
produci ng such 15 an anor phous nmagnetic all oy can be determ ned by

appr opr i attedcing theanagnggc allox withgective plasmay aethad vdierein tansdy reagtivg/pe of i on
included in reactive plasma, reaction pressure, reaction tinme, tenperature,
etc. For eglamalaee collided fgaiisodre rhipnetieslidyt to phiysically dastrdy tHer smactupnofthal ysi s
with respect to a reaction product of a magnetic alloy of

70Co- 5Cr - %%m'c%'b%éﬂﬁbﬁed.e%BteWerpé ARRJSANEEiA HRImA fiRlallgy §drdactéd G S (a)
20 shows the results of X-ray diffraction with respect to the nagnetic | ayer
before reag

signal pr é’gg{]i?’g%i%rﬁﬁ%{vtﬁ %ﬁsﬁ%rtrgg’?é:@ﬁg g‘%ﬁolé]?zzeﬁa 041%‘ {;,%;@S%a%fﬁsg%%@f #’@(r:? ?on

peak of an Ru interpedi ate | ayer present under .the magne%c | ayer,, and the
si gnall0pr dkegnoniy the iomized cpmpaind eigthe magneticaalloy i remeqied Gan

also considered.
For example, a technique wherein a Co-based magnetic alloy is exposed to a reactive
fluorine ion to form non-magnetic cobalt fluoride, and the cobalt fluoride is heated to
only remove the fluorine thereof, and an amorphous Co-based alloy whose crystal
structure is destroyed is produced can be mentioned. The condition for producing such

15  an amorphous magnetic alloy can be determined by appropriately selecting a
composition of the magnetic alloy, a type of ion included in reactive plasma, reaction
pressure, reaction time, temperature, etc. For example, FIG. 5 shows the results of
X-ray diffraction analysis with respect to a reaction product of a magnetic alloy of
70C0o—-5Cr—15Pt—108i0, with reactive plasma generated by using CFs. FIG 5 (a)

20  shows the results of X-ray diffraction with respect to the magnetic layer before reacting it
with the reactive plasma. In the figure, the large signal present around a diffraction
angle of 42° refers to a diffraction peak of an Ru intermediate layer present under the
magnetic layer, and the signal present around 43° refers to a diffraction peak of Co
included in the magnetic alloy. FIG 5 (b) shows the results of X-ray diffraction where

25 the magnetic layer is exposed to reactive plasma including a fluorine ion for 60 seconds.



i ncluded in the magnetic alloy. FIG 5 (b) shows the results of X-ray
diffraction where 25 the nmagnetic layer is exposed to reactive plasma
including a fluorine ion for 60 seconds. 13 Wth regard to conditions, CF4
and 02 were used at 10 cc/mnute and 90 cc/mnute, respectively; the

vol tage applied for plasma generation was 200 W the pressure inside the
apparatus was 0.5 Pa; and the substrat el3i as was 200 W In addition, the

tenperatu of the substrat S out 15QC, quri t he atnent. Due to
it aac o reeartingondliont AR B istlae 0 itniie Sl BBy a1 om
cobalt fluoride was not present. Nbreover, the peak around 42 of the Ru

i nt er medi aespedtivgby; thesvitage pplimddor plasme genegation was 200V, theerassusdnside nagnet i ¢
alloy lost its own crystal properties and was anorphized. Furthernore, FIG

5 (c) ref ehesapparatusosss). Sifer smdthe sutsgaetbias way200 Wi H fddition, e was exposed to
reactive plasma including a fluorine ion. However, contrary to 10 conditions

of FIG 5 (diperitlife sThS bitRtrtetiARDIRS] S0 dARRAY iHedreatifitht OX UL R #@SreRonadded

to the treatnment gas, only using CF4. In this case, the peak around 43

41" anas 4 ek RO 82 R Rl iR dPlbed 0B ep B MEOEI ROR bude "o,
studi es conducted, by the present inventors,_ a pethod of controlljng 15
hal ogeni z Mareeves the peakarpund #2501 ghe Ry antermediate ayen regipned. ngiw fe;ﬂl#g t he

magnetic |layer using reactive plasma including a halogen ion includes the
f ol | owi ngrevepled thut e Colbasaglanagnetib elleyploist ibdowm ctyistal propsttieatrd was pr onot e t he
anor phi zation. It is considered that this is because the destruction of the

crystal shindffhiFed. C Farthernes, FIG, 5 pd)Q8fetsad aldasd Wherdab BhinteticadiRi ol FEG.150 t he
i on bonmbardnent, conpared to a 20 hal ogeni zati on reaction with a hal ogen

g2 (PO AR B AR, UG S, o
ot h?O halcg 1trfori1550tj FIG%s %tg)? e sgl];stll'a?enl%as was not applied, and oxygen was not added to
the treatment gas, only using CFs. In this case, the peak around 43° disappeared, and
peaks derived from cobalt fluoride were present around 35°, 41° and 44° while the peak
of the Ru intermediate layer remained.
Based on studies conducted by the present inventors, a method of controlling
15  halogenization or amorphization of the magnetic alloy in modifying the magnetic layer
using reactive plasma including a halogen ion includes the following.
1) Abias voltage can be applied to the substrate to promote the amorphization. It is
considered that this is because the destruction of the crystal structure can be easily
promoted in the magnetic layer due to the ion bombardment, compared to a
20  halogenization reaction with a halogen ion.
2) If the halogen in reactive plasma is in a state of radicals, halogenization of magnetic
particles is easily promoted. On the other hand, if the halogen is in a state of ions,
amorphization of magnetic particles is easily promoted. It is considered that this is

because there is a difference in the reactivity of halogen.

25 3) When CF,is used as the gas including a halogen, halogenization of magnetic



anor phi zati on of magnetic particles is easily pronoted. It is considered
that this is because there is a difference in the reactivity of hal ogen. 25
3) When CF4 is used as the gas including a hal ogen, hal ogeni zation of
magnetic 14 particles is easily pronoted. On the other hand, when SF6 is
used, anorphization thereof is easily pronoted. It is considered that this
I's due to properties of a hal ogenized s. 4) When oxygen is added to
reactive plasma, anprphization of magnetic particles is 5 easily pronoted.
1t 0s condrRicids pavly Rramoteds DRChE.QBChaTdatem SBeis pghamom Acles is
nore easily pronoted than hal ogeni zati on thereof. 5) Wen the nagnetic | ayer
has a gr atbdresf is tasikytpromoteder & isnonsideded that thisck duetd praperties ofig ai n boundary,
hal ogeni zati on of magnetic particles is difficult to be pronoted. This is
because t alogesigéd pas. of the oxide with the halogen ion is first started. 10
The magnetic recording pattern part of the present invention includes a

so-cal | ed 43" Wh&ﬁ&%mﬁ?&i&ﬁ t%ﬁﬂ@%r%%&%ﬁdﬁ%%fﬁ%ﬂe@%?l@s {3

arranged having preedetermned regu very 1 a wherein a
magneti.c recprdin attern is, arranged, trackwi se; .or anot her nedia.such as
. Sor vo- sICGHD] PTRERIY n 115 oBSTod b s fseraisp PRBI S PEmpgneIC PREICH &S et
invention be applied to a so-called 15 "discrete-type nmagnetic recording
medi unt'  winere easikyrpromoted) tharshelegenizationthgmentfi ¢ recording pattern is a

magneti c recording track and a servo-signal pattern because of ease of it
product i ors) mberpme&@a(}neﬁav.@eﬁlham gituhtlalotrubtiié RBered@xidee thdludedéh ghel Wit h
reference to such a I screte-type magnetic recording medium 20 A
Cross-sec : YTV 3 :
zﬁﬂ%huﬁda}ﬁ%w ni2htich tﬁ'rﬁ%ngﬁ@ R&ﬁﬁBFes rmgpgun fo "ngﬁ;%rﬂbt@& Mgl

accordingto the present” invention shown 1 n e magnetic
recording brercl:"z{juls!cJ the reaction of the oxide with the halogen ion is first started.

S

10 The magnetic recording pattern part of the present invention includes a so-called
“patterned media” wherein a magnetic recording pattern is arranged having
predetermined regularity at every 1 bit; a media wherein a magnetic recording pattern is
arranged trackwise; or another media such as a servo-signal pattern.

In particular, it is preferable that the present invention be applied to a so-called

15  “discrete-type magnetic recording medium” whose magnetically-separated magnetic
recording pattern is a magnetic recording track and a servo-signal pattern because of ease
of its production.

The present invention will be further described in detail with reference to such a
discrete-type magnetic recording medium.

20 A cross-sectional structure of a discrete-type magnetic recording medium
according to the present invention is shown in FIG. 1. The magnetic recording medium
30 of the present invention has a structure wherein a soft magnetic layer and an
intermediate layer 2 are formed on the surface of a non-magnetic substrate 1; a magnetic
layer 3 and a non-magnetized layer 4 where a magnetic pattern is formed are formed

25  thereon; a protective layer 5 is further formed thereon; and a lubricating film is formed



30 of the present invention has a structure wherein a soft magnetic |ayer
and an internediate layer 2 are fornmed on the surface of a non-nagnetic
substrate 1; a magnetic |ayer 3 and a non-nagnetized | ayer 4 where a
magnetic pattern is fornmed are fornmed 25 thereon; a protective layer 5 is
further formed thereon; and a Iubricatilr‘? filmis formed 15 on the
outernost surface (not shown in the figwe). In order to enhance the
recording depsity, it i referable th a magnetic portion wdth "W of
t he nagnetql’c'-p‘?ﬁ W%Stﬁ%%?%g(nﬁtﬁ}?ﬁb’ﬁé’ﬂm?agb%l‘?)ern be 200 nmor less, and it is
preferable that a non-magnetic portion wdth "L" be 100 nmor |ess.
Accordi ngly, it Inerdsrfy esthancithe redoading densifykit jsi preferable thatra magueticl portien
narrowed as nmuch as possible within a range of 300 nmor |ess. The

non- magnetviidtts S bf teemagniétie thyen3 hﬁlﬁn%é aepRbtid PatRAl bODOTRR o Gess Lnddbisy

sel ected from various non-nmagnetic substrates. For exanple, an Al -alloy

Substr 2t € RN It B EILRGATIOND of (O PTELE. ABleltef ko). o
O s bl A B8RP P L B S S LS, €2 be

such as crystallized glass, or a silicon substrate is preferable. 1In
addi ti on, rengs of\38P ageoslgss ace roughness of the substrate (Ra) is preferably
1 rimor less, nore preferably 0.5 rimor |ess, and nost preferably 0.1 nm
or less. 15 The Thegoaimagnetiy substtatedrused irthe présbst inwrtidaean be shieabiyn- magnet i c
substrate | as described above may be forned into a | ongitudi nal magnetic

recor di N9 PREEAFbr Aious WolldirleAEbuIBARE! | For'SEARY ROATRHOPuiad

per pendi cul'ar magnetic recording pattern (as per magneti c

recordi ng .nedi.a) .,,However, a_per di cul ar netic. recardin tternis

br of e abp SOIHGEAL A Ghel porfiren eriamate ATHE e pf § SORRAE BB s 2o
preferable that the magnetic recording ;t))attern of the present_invention be a
per peri cunagde of general soda glass, aluminosilicate-based glass, crystallized glass, silicon,

titanium, ceramics, or resins can be mentioned. In particular, use of an Al-alloy
substrate, a glass substrate such as crystallized glass, or a silicon substrate is preferable.
In addition, the average surface roughness of the substrate (Ra) is preferably 1 nm or less,
more preferably 0.5 nm or less, and most preferably 0.1 nm or less.

15 The magnetic layer 3 formed over the surface of the non-magnetic substrate 1 as
described above may be formed into a longitudinal magnetic recording pattern (as
longitudinal magnetic recording media) or a perpendicular magnetic recording pattern (as
perpendicular magnetic recording media). However, a perpendicular magnetic
recording pattern is preferable in order to achieve higher recording density. That is, it is

20  preferable that the magnetic recording pattern of the present invention be a perpendicular
magnetic recording pattern aithough the magnetic recording pattern can be longitudinal
magnetic recording pattern. It is preferable that the magnetic layer be formed from an
alloy which includes Co as a main component in either longitudinal or perpendicular
magnetic recording media.

25 For example, with regard to a magnetic layer used for longitudinal magnetic



magneti c recording pattern although the magnetic recording pattern can be
| ongi tudi nal magnetic recording pattern. It is preferable that the magnetic
| ayer be formed froman alloy which includes Co as a main conmponent in
ei ther | ongitudinal or perpendicular nagnetic recording nedia. 25 For
exanple, with regard to a magnetic |ayer used for |ongitudinal magnetic 16
recording nedia, a laninate structure Wi ch includes a non-nagnetic Cr M
underlying layer and a ferromagnetic CoCr Pt Ta nagnetic | ayer can be
utili zed. Tesording apdiag a iasninatesneiurecwhigh dnclydes ¢ noprmametie E@ﬁ/’l@méprlwag netic
recording nedia, a lamnate structure where a soft magnetic |ayer which is
formed of layepandx ferpuineagnetic Go€cHtTa magnetici laydreaio babtilized( such as FeCoB,
FeCoSi B, FeCoZr, FeCoZrB, or FeCoZrBCu), a FeTa alloy (such as FeTaN or
FeTaC), or a Covyakl RgaldsH atmaheGOT&F usedf&ﬁfeﬂ%ndﬁiﬂ nefiérecording

Pd, NiCr, or

orientation-controlling filmsuch as Pt, | FeCr; an

I nt er medi .1l ayer. suc Ru. (i f negcessary).. . A i ayer ichis
For neq of Tactias PAFhEU B Untrss AR TGRS aye WRiGR I RAREAHE fH g

| am nated cap be utilized. 10 The thickness of the magnetic |ayer nay be
withinda edpganagretsc Reke allos(sueh as katoBs Fee afifh FyCoLs KFROAB.Mige of 5 nmto
15 nm The magnetic | ayer may be appropriately forned depending on a type
of magnet FeCaZiBGu)aaHeTaallayapechsdsriedaNroe FeFTad), ot inC€oailloy (sich as CodeZm
sufficient head output can be obtained. The magnetic | ayer needs to have a

certain t oZNBSsr O5BJiaf Bﬁénﬂaﬁoﬁl&&ﬁfolﬁﬂ% filkh 3idh A P8P NiCr, @ YEFeY; af he out put
during 15 reading. To the contrary, as the output i1ncreases, several

ot or | or atiraepia OGP ith ap RAGHREAGS PR A RERE s RERBE AP 2 e

et ool DRSS se Al 1Bt SRS sl R 0D L Ly e

10 The thickness of the magnetic layer may be within a range of 3 nm to 20 nm,
and preferably within a range of S nmto 15nm. The magnetic layer may be
appropriately formed depending on a type of magnetic alloy and laminate structure used
therein, such that a sufficient head output can be obtained. The magnetic layer needs to
have a certain thickness or higher in order to obtain a certain level of the output during

15 reading. To the contrary, as the output increases, several parameters that represent
recording/reading properties are generally deteriorated. ' Therefore, it is necessary to
select the optimum thickness thereof.

In general, the magnetic layer is formed into a thin film by the sputtering
method.

20 Hereinafter, the method of producing a magnetic recording mediuvm of the
present invention will be described in detail.

In the present invention, the formed magnetic layer is exposed to reactive
plasma to amorphize a portion of the magnetic layer 3. Consequently, magnetic
properties of the portion are modified whereby a region which magnetically separates the

25 magnetic recording track and servo-signal pattern part is formed.



20 Hereinafter, the nethod of producing a magnetic recordi ng nmedi umof the
present invention will be described in detail. In the present invention, the
formed magnetic |ayer is exposed to reactive plasna to anorphize a portion
of the magnetic layer 3. Consequently, magnetic properties of the portion
are nodi fi ed whereby a regi on which nagﬁptically separates the 25 magnetic
recordi ng track and servo-signal pattern part is fornmed. 17 "Modifying

magneti ¢ proper td £S: t tig.| ! i fical : i fying
coercive force, 1?@??1&;&5 ﬁgn%{géﬁggfofgﬁ}%%ﬁ%r%%%g?l%’%gJﬁ%?lﬁ?%y?}géﬁet ic |layer.
More specifigally, sych_nodification refers to |lowering . the coercive force
and t he rr@%qiﬁersay CQ%H%qu%tf?séiﬁ'?i magagtization, amops others, REths mBagIRHC {a¥6%nt i on,
the following nmethod is preferably adopted to nodify the magnetic

proper t i eMornerspedificatlyt susd mediScatmymefeiszaloweringtha coerdiveiferce ang thst ed to 75%
or less, or nore, preferably 50%or |ess of the original nmagnetization

magni t ude redidithl ilagn@atiehve force is adjusted to 50% or |ess, or nore
preferably 20% or |less of the original coercive force with respect to the

portiog of the ' | i screte
Frack- Bype mgniriR oy bE roterkbyEgs e KRONEArbiotBal: ALY hadndd
wite-errors be prevented duri magnetjcally-recording .data into the
medi um | aft BRAH PR PEISHE RBORRFIRS. Uaie WA fhF HEREROLRgRIRAE & di ng
density can be provided. In the present invention, the formed nmagnetic |ayer
3 i s expoadinsted to 25%taness, ametegwefarably )6 opleiss of thheriginghmiaguetizaiyasr wher eby
the regi on which nagnetically separates the magnetic recording track and
ser vo- si gradgniradd, and theadoerdite fobderTe adjustad td80% oe fdsitoriniite pteifaablfv'm% anor phi ze

the magnetic layer” refers to formng an atom c arrangenent of the magnetic
layer 3 1 iR oftiRlddigindlbodBive thicd With'redefToGhe portion of the magnetic layer 3
10  exposed to reactive plasma. If a discrete track-type magnetic recording medium is
produced by such a method, write-errors can be prevented during magnetically-recording
data into the medium, and a magnetic recording medium having a higher area recording
density can be provided.

In the present invention, the formed magnetic layer 3 is exposed to reactive

15  plasma to amorphize the magnetic layer whereby the region which magnetically
separates the magnetic recording track and servo-signal pattern part is formed.

In the present invention, “to amorphize the magnetic layer” refers to forming an
atomic arrangement of the magnetic layer 3 into a state of an irregular atomic
arrangement which does not have a long-distance order. More specifically, this refers to

20  a state where fine crystal particles of 2 nm or less are randomly arranged. When such a
state of the atomic arrangement is confirmed by an analysis method such as the X-ray
diffraction or electron diffraction, a peak that represents the crystal plane is not present
while only a halo (a broad signal) is present.

As an example of the reactive plasma in the present invention, the inductively

25  coupled plasma (ICP) or the reactive ion plasma (RIE) can be mentioned.



arrangenment whi ch does not have a | ong-di stance order. Mre specifically,
this refers to 20 a state where fine crystal particles of 2 nmor |less are
random y arranged. Wien such a state of the atomi c arrangenent is confirned
by an analysis nmethod such as the X-ray diffraction or electron
diffraction, a peak that represents the crystal plane is not present while

only a halo (a broad signal) is presentl.8 As an exanple of the reactive

plasma in the prese .nyention, .the inductivel 25 coupl ed as (1CP) or
Phe reactive i oRTerRehEReirt pibetle 2R ety D B Pl L oul e
plasma is himg)h-terrperature plasma that s obtained in the foll ow ng way.
That is, therfolewingwape That ispphisagoltageds gprlisdforagagio,fommplasmmand ille  heat
is generated inside the plasnma due to eddy current by formng a

hi gh- f r eqheatdygenetated inaide by plagmeduactofeddy dutrentfbyrforming athighifrequaney at ur e

pl asma. The inductively 5 coupled plasma has a higher electron density.

Ther ef or eﬂu&t’ﬂ&tir% i PRet ekl @ otk She MBRLtéhSehtuR plaémaAB IR indudtiveRerties in a

magnetic | ayer having a broad area at higher " efficiency, conpared to the

conven | OE&lrpl&[ @%’Hﬁé hQJ‘%Rj“ H?‘J A&BhAehdifC K THER R YL BfhsAll caf Qepi@gam The
reactive rom plasna is |§ y-reactive-pl asma wnere*a reactive dgas such as
10 02, SF6, F3, CE4, or, CCl4 | s ,added tq the asima. By using.sych plasm
as the r 8%9@%%% PEEYEnSte Rrﬂ%ertsﬁfse@éﬁmw%ﬁﬂyr%ﬁ ',hawaa 2 roasare ity gnetic
properties of the nmagnetic |ayer 3 can be achieved at higher efficiency. In
t he pr eseefficianepmompared théhe conventionabprotiiatidnapfeliscaete rackkmedie dising anderct i ve
plasma in order to nodify the magnetic layer 3. It is preferable that the
nodi fi cat b@gnbe 15 achieved by a reaction of a nagnetic netal included in
the magnetic layer 3 with atons or ions in reactive plasma. The reaction
i ncl udes nodi fi L.an.:of . et I,
S e B R R

nodi fi cati on of e conposi oxXl
10 Og, SF¢, CHF3, CF4, or CCly is added to the plasma. By using such plasma as the

reactive plasma in the present invention, modification of magnetic properties of the
magnetic layer 3 can be achieved at higher efficiency.

In the present invention, the formed magnetic layer 3 is exposed to reactive
plasma in order to modify the magnetic layer 3. It is preferable that the modification be

15 achieved by a reaction of a magnetic metal included in the magnetic layer 3 with atoms
or ions in reactive plasma. The reaction includes modification of the crystal structure of
the magnetic metal, modification of the composition of the magnetic metal, oxidation of
the magnetic metal, nitridation of the magnetic metal, silication of the magnetic metal,
among others, due to penetration of atoms, etc. in the plasma into the magnetic metal.

20 In the present invention, in particular, it is preferable that oxygen atoms be
included in the reactive plasma, and that the magnetic metal included in the magnetic
layer 3 be reacted with the oxygen atoms in the reactive plasma to oxidize the magnetic
layer 3. The magnetic layer 3 is partially oxidized, and the residual magnetization, the
coercive force, among others, of the oxidized portion can be efficiently decreased.

25  Therefore, a magnetic recording medium including a magnetically-separated magnetic



the magnetic netal, nitridation of the nmagnetic netal, silication of the
magnetic netal, anong others, due to penetration of atons, etc. in the
plasma into the nagnetic netal. 20 In the present invention, in particular,
it is preferable that oxygen atons be included in the reactive plasm, and
that the magnetic netal included in the magnetic |ayer 3 be reacted with

t he oxygen atons in the reactive pl asmal? o oxi di ze the magnetic |ayer 3.
The magnetic lLayer 3 is partially oxidjized, and the residual magnetization,
The "ooer arutin pegem san g piadies oy b S et rorby RSt SRAtEeR Do
efficiently decreased. 25 Therefore, a magnetic recording nmedi umincluding a
magnet i caladgitivaphe inclupiomneftygen atomsrin therrgaciiyeplasmarcan promaete produced by t he
short-termreactive plasma treatnent. In addition, the inclusion of oxygen
atonms in taherpleasionwd thd mapreticdayepdonot e  anor phi zation of the magnetic

| ayer 3. In the present invention, it is preferable that a hal ogen atom be

included in they, ﬁ'lerlﬁ'?}%g{ iﬁﬁg cﬁﬁﬁ‘}s?%ﬁ{rgﬂg éaggﬁgg{ tatgﬁlt eiﬂEl‘ﬁH&&ﬁltﬁéef erabl e

as the hal ogen at om ogen at om nay e reactive plasm
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magnetic |l ayer 3 is reacted with oxygen atons_or the |like, thereby

achi evi ng hﬂi;\genﬁ@m mex br eddesk tortegyreaetive plasgprevith es withowtraxygemyafemsc Aayer 3.
In 10 this case, if halogen atons are included in the reactive plasm, the

reacti vi t Ylesaibe @bove, whbee oxpgehatsasor the dike arermlded to the esactite playgethat ons are
not added to the reactive plasm, the hal ogen atons are reactive with the
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of the magnetic layer 3. The reason fo Isis not clear 1n detail, but it
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the magnetic layer 3 is cleaned, thereby enhancing the reactivity of the
magnetPc |thiseasegif haloggn atoms are included in thereactive plasma, the reactivity can be
further enhanced. Additionally, even if oxygen atoms are not added to the reactive
plasma, the halogen atoms are reactive with the magnetic alloy, thereby achieving the
modification of magnetic properties of the magnetic layer 3. The reason for this is not
clear in detail, but it is considered that the halogen atoms in the reactive plasma etch
15  impurities formed on the surface of the magnetic layer 3, and the surface of the magnetic
layer 3 is cleaned, thereby enhancing the reactivity of the magnetic layer 3. Asa
halogen atom that imparts such an effect, use of F atoms is particularly preferable.
In the present invention, the process of exposing the surface of the magnetic
layer 3 partially to reactive plasma to modify the magnetic properties of the portion of
20  the magnetic layer 3 preferably includes: exposing the magnetic layer 3 to plasma
including oxygen (first step); and then exposing the magnetic layer 3 to plasma including
a halogen (second step). By adopting such steps, the modifying rate of the magnetic
properties of the magnetic layer 3 can be increased, and the residual magnetization, the

coercive force, among others, of the magnetic layer 3 can be efficiently lowered. This

25  is because, based on studies by the present inventors, a region of the grain boundary of



hal ogen atom that inparts such an effect, use of F atons is particularly
preferable. In the present invention, the process of exposing the surface of
the magnetic layer 3 partially to reactive plasma to nodify the nagnetic
properties of the portion of 20 the magnetic |ayer 3 preferably includes:
exposing the magnetic layer 3 to plasma including oxygen (first step); and
then exposing the magnetic layer 3 to @Oasna I ncl uding a hal ogen (second
step). By adopting.such steps,. the nodifying raje of the magpeti.c

o oper t | SSAERU R SErelcteaally Sxgize sl R ol portisRe R pRto B e al
magneti zation, the coercive force, anong others, of the magnetic |ayer 3
can be ef thicknsss digectionalong thergrain aamnideryeheadtbe magagtisdayay 3sis gupased kythehe
present inventors, a region of the grain boundary of 20 nmgnetic particles

i s pref er enygedldontaindngipketapamd, When ehel agietc pyet B nthex egpudsd tothehe
t hi ckness direction along the grain boundary when the nmagnetic |layer 3 is

dt " gen- ki GdipL ' Mﬁ ﬁmgn@gﬁ] o | 3
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0 B S AT B B SRl Bl BRI

reaction portion proceeds fromthe grain boundary to magnetic particles.
Ther ef or edestioyed.iand theoreaetion pratiompresedds fompiheraraia dovadarnto maghssici ¢ | ayer 3
can be accel erated, and the reaction of magnetic particles with the hal ogen
can al so partickekf i Therefory, npsdificdtiod of denpagredc bropertia lof temagietig ldyee3 nagnet i c
| ayer 3 to oxygen 10 plasma or hal ogen plasma. Consequently, the residual

magnet i zatiPhe a&@ﬁra{q&g@ﬁ&ﬂﬁ; &%&%ﬁgt‘p a5k PIhQESwith khd REogERIARbIsE beayer 3

can be efficiently lowered. | résent” invention, a step of injecting
lons partiglly dnto the surface of the mgnetic |ayer 3 I referably

br ovi fed. ERICISAEY Brmbies SR Eis Simb e Ol ik clomsPHE fred d RS Tayor 2
partially to reactive plasma. _Wen such a step is provided, 15 nodification
of mabhet Plaspaopalopenplasme.n Conpgavantly, thayesidugl magnetization, thrpoesrivefaseeat ed.

among others, of the magnetic layer 3 can be efficiently lowered.

In the present invention, a step of injecting ions partially into the surface of the
magnetic layer 3 is preferably provided before the step of exposing the surface of the
magnetic layer 3 partially to reactive plasma. When such a step is provided,

15 modification of magnetic properties of the magnetic layer 3 can be further accelerated.
This is because, based on studies by the present inventors, when ions are injected
partially to the surface of the magnetic layer 3, the surface of the magnetic layer 3
becomes active, and the reactivity of the magnetic layer 3 with plasma is further
enhanced in the step of exposing the magnetic layer 3 to reactive plasma after the

20  ion-injection.

In the present invention, it is preferable that an inert ion such as argon or
nitrogen be used as the ions injected into the magnetic layer 3. This is because such an
inert ion does not adversely affect the reactivity of the magnetic layer 3 with the reactive
plasma after the ion-injection.

25 In the present invention, the following steps are preferably adopted. That is, a



This is because, based on studies by the present inventors, when ions are
injected partially to the surface of the nagnetic |ayer 3, the surface of
the magnetic |layer 3 becones active, and the reactivity of the magnetic

|l ayer 3 with plasma is further enhanced in the step of exposing the
magnetic |layer 3 to reactive plasma after the 20 ion-injection. In the
present invention, it is preferable thaal an inert ion such as argon or

ni trogen be.used as .t.he,iqns i,njected into the magnetic.layer 3. This is
because s destBater autich isgiaisadb MsrhsansB Seorying PAREn IS rPLEeR B (y of ¢ he
magnetic layer 3 with the reactive plasma after the ion-injection. 25 In

t he presemagneticlayech, Afier that) thewirdgcesthensef isrtesated avith rgadtiveplasmacand That i s,
a 21 resist pattern which is adjusted to the magnetic recording pattern is

fornmed on théngtherregstds teindvad fandd préfeceve lahert 5 istfbenalthéror t Nextealubrigaitr eat ed
with reactive plasma, and then, the resist is renoved, and a protective
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produci ng a nmagnetic recor nmedl um Is I's Pecause 5 such a method can
further enhance t.he reactivity of .the nagneti,c |ayer. with.reactive

pl asmas FﬁP@%ﬂ?ﬁ’Pﬁ,ca{‘MCBFF%%F?\BJ?F%%??Q;%@?&S@%&8&% @ﬂﬁlirﬁ W& present
I nvention as illustrated in Figure 3. That is, a protective layer 5 is

formed onPlasBanagnetic |ayer 3, and a resist pattern 6 which is adjusted to
the magnetic recording pattern is forned 10 thereon. Then, the treatnent of
modi fyi ng t he migrtkémmore,aefolldwimg diepsansy alvebp hdupral inshe pesght dfvertioBacause
It Is unnecessary to forma protective layer 5 after the reactive plasm

satvent AR 1 TOAENGIG NN RIS B ppRP e b
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10  thereon. Then, the treatment of modifying the magnetic layer 3 with reactive plasma is
conducted. Because it is unnecessary to form a protective layer 5 after the reactive
plasma treatment, the production process is very simple, the productivity can be
improved, and contamination can be prevented in the process of producing a magnetic
recording medium. The present inventors demonstrated by conducting experiments that
15  the magnetic layer 3 could be reacted with reactive plasma even after the protective layer
5 was formed on the surface of the magnetic layer 3. With regard to a reason why the
magnetic layer 3 covered by the protective layer 5 can react with reactive plasma, based
on the present inventors’ assumption, voids or the like may be present in the protective
layer 5, reactive ions in plasma intrude into the layer from the voids, and the reactive ions
20  may react with the magnetic metal, as illustrated in Figure 3. Furthermore, it is
assumed that the reactive ions spread in the protective layer 5, and the reactive ions reach
the magnetic layer 3.
With regard to the formation of the resist pattern, a method wherein a resist is

coated onto the magnetic layer 3 or a protective layer 5, which is forrned subsequently to

25  the magnetic layer 3, a stamper is placed directly thereon, and this is pressed at high



15 the magnetic layer 3 could be reacted with reactive plasma even after the
protective layer 5 was formed on the surface of the magnetic layer 3. Wth
regard to a reason why the magnetic |ayer 3 covered by the protective |ayer
5 can react with reactive plasm, based on the present inventors
assunption, voids or the like my be present in the protective |ayer 5,
reactive ions in plasnma intrude into t e | ayer fromthe voids, and the

reactive ions 2 reac {th the ti tal, as illustrated in Figure
55 Furt nertooue to forf T3t ety po e 08 o a L LTGRO A ESBPhd | o ¢ he
protective IaY.er 5, and the reactive ions reach the magnetic layer 3. Wth
regard t o phawlithographicoeclotiquemay also be appliedde fonma pettemad Megofdheesist is
coated onto the nagnetic layer 3 or a protective layer 5, which is forned
subsequentrésysttincludtta theemaesegieein, & UVapanbld resin, SGE e the 1kepl aced directly
thereon, and this is pressed at high 22 pressure to forma resist pattern

can be adopt ed. A5ifd HEABEF fed ) BRUBHA probb! B LiAAREANHEG] HEEIH Gligh Ry al SO

be applied to forma pattern. Exanples of the resist e a thernoset
resin, .a W-curable resin or_the.like.. As the apper ysed in the
above rolcf%fgfacﬁm&& %e&qe P&’Fﬁmgﬁhwm Qi%%ﬂp‘???@ % BE% pattern
Is formed by the el ectron beam|jthography or the |ike can be used. The
material fl3€ naai@i%tf@rnﬁbéﬁmﬂ@qnteﬂ@%e%iugﬁcrl@m dngsgandetysabulify to withstand the t o

wi thstand the process. For exanple, Ni or the |ike can be used, but the
mat eri al ipsocesd. [Hor exampler Nior the tiké esh Besuded gt aise materiels aot pagticularly
above-descri bed purpose. As the stanper, besides tracks where general data

are recor ggitedSRNMRy &l i0MRLts AR dRVEIestiibBd ?ﬁrp%sé? urAd the dahipet) besli@rarde 10
pattern, or preanble pattern can also be tornmed. In order to renove the
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be adopt ed.
1 pattern, or preamble pattern can also be formed.

In order to remove the resist after the reactive plasma treatment, a technique
such as the dry etching, the reactive ion etching, the ion trimming, or the wet etching can
be adopted.

With regard to formation of the protective layer 5, a thin film of diamond like

15  carbon is formed using the P-CVD, among others, in general. However, the method is
not particularly limited.

Examples of the protective layer 5 include a carbonaceous layer such as carbon
(C), a carbon hydride (H,C), carbon nitride (CN), amorphous carbon, or silicon carbide;
or a material generally used for a protective layer (for example, SiOz, Zr,03, TiN, etc.).

20  Additionally, the protective layer 5 may include two or more layers.

It is required that the thickness of the protective layer 5 be less than 10 nm. If
the thickness of the protective layer 5 exceeds 10 nm, then, the distance between the head
and the magnetic layer 5 is excessively longer. Consequently, sufficient strength of the
output and input signal can not be obtained.

25 It is preferable that a lubricant layer be formed on the protective layer 5.



Wth regard to formation of the protective layer 5, a thin filmof dianond
like 15 carbon is fornmed using the P-CVD, anong others, in general.

However, the nethod is not particularly Iimted. Exanples of the protective
| ayer 5 include a carbonaceous | ayer such as carbon (C), a carbon hydride
(H,C, carbon nitride (CN), anorphous carbon, or silicon carbide; or a
material generally used for a protectiva |ayer (for exanple, SiQ2, Zr203,
TiN, etc.) 20 Additjonally, the protective layer 5 may include two or nore
| ayers. |tE>aa§1n?@ ithekybpgant usgdetor fedrbracagt layer ingluds aﬁ@ewvgasegaabnﬂanbe | ess
than 10 nm If the thickness of the protective |ayer 5 exceeds 10 nm then,
t he di st amcartsmtydedebasedHebricant od arizturathesof.c Insgeneral theslubricarg dayee sy

| onger. Consequently, sufficient strength of the output and input signal

can not bgogRidinftedthiddedstofi Sto¥gher abl e that a lubricant |ayer be fornmed on
the protective layer 5. 23 Exanples of the lubricant used for the | ubricant

Layer i ncl ude ayi4y 5] 0GRSkt Bid £aBiye - oRARP AR ML EGRERER uDr T cant,

or a mxture there ener al rican ayer IS orned ITnto a

thickness of 1 to 4 nm Next, e.configuratjon of, the,magnetjc, recarding
bnd*r oS EeSERURERAtign 1f AV i3 Gt TRRBABIRGR TR AR Fepiimecdeyice pgie
magneti c recordi ng and readi ng device of the present invention includes:

t he above-paessnt inperdiomsneluddsc theabovaddesgribesthinagnedio reconding medium 36; atevi ce 11
whi ch actuates the magnetic recording nmedium 30 in the recording direction;

a magnet i Gch@ffly dgvivdl ChichaktidRs tie thegetid retordiag nedlich 30 ireadire@rdiagt ; a
head- actuating unit 28 which noves the nagnetic head 27 relatively to the
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system whi,ch,inputs a.signal .to th magnet i C d, 27 d which reads an
out put si d‘ﬁﬁﬁl-a £ Yt #@Uﬁjé‘pi”&o‘ﬁéﬁ'&? %&e&ﬁ bﬁeﬁ] 57 rela%vegfqo the magnetic

10  recording medium 30; and a signal recording and reading processing unit 29 combined

with a recording and reading signal-processing system which inputs a signal to the
magnetic head 27 and which reads an output signal from the magnetic head 27. When
these components are combined, a magnetic recording device achieving higher recording
density can be produced. Because the recording tracks of the magnetic recording

15  medium are processed into a magnetically discontinuous structure, the width of the
reading head can be made to be the same as the width of the recording head, and they can
be actuated while the width of the reading head has been conventionally made narrower
than the recording head to eliminate the influence of the magnetic transition region of the
track edge portion. Accordingly, a sufficient reading output and a higher SNR can be

20  obtained.

Moreover, when the above-described reading part of the magnetic head 27 is
formed with a GMR head or TMR head, sufficient signal strength can be obtained even
in higher recording density, and a magnetic recording device having high recording
density can be achieved. Furthermore, when the flying height of the magnetic head 27

25  isadjusted to 0.005 to 0.020 pm (i.e. when the magnetic head is flown at a height lower



t hese conponents are conbi ned, a magnetic recordi ng device achieving higher
recording density can be produced. Because the recording tracks of the
magneti c recording 15 nedium are processed into a nmagnetically discontinuous
structure, the width of the reading head can be nade to be the sane as the
wi dth of the recording head, and they can be actuated while the w dth of

t he readi ng head has been conventional |34 nade narrower than the recording

head to eljmnate the influence of {he magneti¢ transition.regipn, of the
track edg qqr&ﬁs),ﬂ&wtﬁ@wpmaeiawm @ise%magemge Sﬁr@wem gher
SNR can be 20 obtained. Mreover, when the above-described reading part of
t he magnetTlherdiemda fiaghatic reconding device haviGyfurpe eapaoity Tidhigbaeljabslity fcan bent
signal strength can be obtained even in higher recording density, and a

nmagneti ¢ meeAdEl. ndndediies, ifa ¢ighal-prioéssing Gt Aecordiap $6 thé Matimam achi eved.
Furthernore, when the flying height of the magnetic head 27 25 is adjusted

to 0.005 t . %ﬁﬂ QHSE: g;ﬂ% i l’”lﬁ height | ower
24 than gfri’cle@l%@ogl?c%eg) &hg Esecoou p?ﬁ’ l?"tll?esllgl‘a'rrpr cge(l}gi t erbzeby a%ﬂ@%?‘%& alFﬁ?gher SNR
in the_device., Therefore, a netic recqrdi devi ce havi I capacity
and hi §h e8AmRls PYRV E8ARing A BoL08 are QoRducled Bt aRck densi L PN K BPbRtessi ng
circuit according to the maxi mum 1|ikelihood decoding is conbined, the

r ecor di ng mierasa trgckageordingrdensitieo! 1090rkbitduch somors; ancharpecerding density of &@br di ng
and reading are conducted at a track density of 100 KTPI or nore; a track

recordi ng (ﬁﬁﬂlﬁlbhzya@ﬁﬁ'ib(&ﬁ@sm&dnimmﬁedjmr e; and a recording density of 100
Ghitlinch2, a sufficient SNR can be obtai ned. Exanples 10 (Exanple 1) A

vacuum chanber, herein a HD gl ass substrate was set, was vacuunmed at 1.0 X
10-5 Pa or less in advance. The gl ass substrate was nmade of a crystallized

gl ass t hatExamples
10  (Example 1)

A vacuum chamber, herein a HD glass substrate was set, was vacuumed at 1.0 x
10° Pa or less in advance. The glass substrate was made of a crystallized glass that
included Li;Si,0s, Al;05-K;0, Al,03-K20, MgO—P,0s, and Sby03—ZnO as components.
The outer diameter was 65 mm; the inner diameter was 20 mm; the average surface

15 roughness (Ra) was 2 angstrom (unit: A; and equal to 0.2 nm).

On the glass substrate, using the DC sputtering, FeCoB as a soft magnetic layer;
Ru as an intermediate layer; and 70Co—5Cr—15Pt—-10Si0; alloy as a magnetic layer were
laminated in order; and, using the P-CVD method, a C (carbon) protective layer, and a
fluorine-based lubricant film were further laminated as thin films thereon in order. With

20  regard to the thickness of each layer, the FeCOB soft magnetic layer was 600 A; the Ru
intermediate layer was 100 A; the magretic layer was 150 A; and the C (carbon)
protective layer was 4 nm on average.

A UV-curable resin was coated thereon in a thickness of 200 nm, and its surface
was imprinted using a Ni stamper prepared in advance. The stamper had a track pitch

25  of 100 nm, and grooves whose depth was 20 nm. Using this stamper, an imprint was



i ncluded Li 2Si 205, A1233- K20, A1203- K20, MO P205, and Sb203-ZnO as
conponents. The outer dianeter was 65 mm the inner dianeter was 20 mm the
average surface 15 roughness (Ra) was 2 angstrom (unit: A, and equal to 0.2
nm. On the glass substrate, using the DC sputtering, FeCoB as a soft
magnetic layer; Ru as an internediate |ayer; and 70Co-5Cr-15Pt-10Si Q2 all oy
as a magnetic layer were laninated in ®der; and, using the P-CVD nethod, a
C (carbon) pyrotect] | ayer, ,and a, fl uorine-based |ubricant filmwere
further | epﬁ?‘ﬁ'ﬁ eff?ﬁ%o%%‘i’lb@“rﬂr‘ﬁe"é%‘@gﬁyer’\/vth 20 regard to the

t hi ckness of each layer, the FeCOB soft magnetic |ayer was 600 A, the Ru

i nt er medi at e | ay@surfase wadexiostdte reative plasmiagansk modiication of a portion wbich
(carbon) protective layer was 4 nmon average. A UV-curable resin was

coat ed t heyRedt tovefed by HeNEG2uMbledn Wis candlictddS Thefradetive Pﬁ%mia'ﬁé_ﬁinﬁﬁr@d
using a Ni stanper prepared in advance. The stanper had a track pitch 25 of

100 m, a n yﬁﬁ all ]g:m@é i nprint
was 25 na%g%ﬁéﬁﬂ%{ﬁg‘%&zﬁygﬁgémpﬁ@?%&g@é& oni}@hué@%er?%? gé t1| laf%er. Its
surface was expos ,reactive an di ficatjon of ortion which
was no c@PB?‘réﬁlsbr&%tshﬁ PRy Eﬁ"dalﬁfﬁtﬁggf Fp%agvﬁfﬁ%’éf@dhe BHISP gg’ti ve pl asma
treatment against the rzhagnet.i.c I.aﬁgmwas condu_ctia't%l!l by u;li ng an indgctively
coupl ed plganeratitfg plopma and sondiiBBin gunegengratigh\MacCexample, W4 Wasegamatl t o
the gas used for generating plasma and conditions in the plasnma generation,

for exanpl1® cceifuitand O tvagusedldl 90 etmhiRutee, TaBdpplRd\Rwved S Cgedtrafifig cC/ M nut e.
The applied power for generating plasnma was 200 W the pressure I nside the
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10 for 60 seconds. The portion of the magnetic layer treated with reactive plasma was
analyzed based on X-ray diffraction. In the results, a signal derived from Co
disappeared. On the other hand, a signal derived from cobalt fluoride was not observed,
and it was confirmed that the portion was formed into an amorphous structure.
.The production conditions are summarized in Table 1.
15 After that, the resist remaining on the surface of the magnetic recording medium
was removed by the dry etching, and a fluorine-based lubricant film was finally coated

thereon to complete the production of the magnetic recording medium.

(Examples 2 to 22)

20 Magnetic recording media were produced in the same manner as Example 1.
In this case, the type of gas used for generating the reactive plasma, the applied power,
the reaction pressure, and the reaction time was modified as shown in Table 1. In
Examples 2 to 22, the X-ray diffraction analysis was conducted with respect to the
portion of the magnetic layer treated with reactive plasma. In the results, a signal

25  derived from Co disappeared. On the other hand, a signal derived from cobalt fluoride



di sappeared. On the other hand, a signal derived fromcobalt fluoride was
not observed, and it was confirmed that the portion was forned into an

anor phous structure. .The production conditions are sunmarized in Table 1.
15 After that, the resist remaining on the surface of the magnetic recording
medi um was renoved by the dry etching, and a fluorine-based lubricant film
was finally coated thereon to conpl et & he production of the magnetic

di di l. 2 tq.22) 20 Magneti I, di
or oduced M PRESSEES HTE P24 omBERIT A £ PATHOR RS Kred INpig8 AR BF  gas

used for generati r;ﬁ the reactive plasma, the applied power, the reaction
pressur e, Sapeiuretin atl &xemples 2todd. was nodi fied as shown in Table 1. In
Exanples 2 to 22, the X-ray diffraction anal ysis was conducted with respect
to the portion of the nmagnetic |ayer treated with reactive plasma. In the
results, a signal 25 derived from Co di sappeared, On the other hand, a

si gnal der(tﬁ%?mﬁaﬁ%ﬁ&ﬁ?lbj fluoride 26 was not observed, and it was

confirmed't e portion was fornmed into an anorphous structure in all
Examplgs 2 to 22. (Conparati.ve Exanple) 5 A tic recording nedi umwas
producgd in the%ﬂ%@eﬁgﬁ%ﬁlﬁ%@%i‘”é& Er_odug%g:}%?axmﬁnqeﬁgs #ﬁ%ﬂf?l ¢ layer
was treated with reactive plasma, a bias voltage was not_applied to the
subst r at e Hoyeyen wfige thamagnstic 1ayee was Beated withaegntiye plasmasa bigg veltageawasr d t o
t he produced magnetic recording nedium the X-ray diffraction anal ysis was

conduct ed net applied spthetsubsiratd) angp oxgdearwasinot heluded irethe pldsmaggast r Bithed wi t h
reactive plasma. 10 In the results, a signal derived from Co di sappeared. On

the other p 10 the prdditeéd maShdt¢@eordiRB nicARAh [thé KURY IdHerab@en AHRIMGES and a
broad signal derived from anorphizatron of Co was”not observed.
conducted with respect to the portion of the magnetic layer treated with reactive plasma.
10 Inthe results, a signal derived from Co disappeared. On the other hand, a signal
derived from cobalt fluoride was observed, and a broad signal derived from
amorphization of Co was not observed.
With regard to the magnetic recording media produced in Examples 1 to 22
produced by the above-described method, a decrement in the magnetization magnitude, a
15  decrement in the coercive force, electromagnetic conversion properties (SNR and
3T-squash), the surface roughness (Ra), and the head-flying height (glide avalanche)
were measured. The evaluation of electromagnetic conversion properties was
conducted using a spin stand. In this case, as heads for the evaluation, a perpendicular
recording head was used for recording, and a TuMR head was used for reading. A SNR
20  value and 3T-squash were measured when a signal of 750 kFCI was recorded therein.
FIG. 4 shows a change in the magnetization magnitude before and after the reactive
plasma treatment with respect to the magnetic recording medium shown in Example 1.
The results of the evaluation are shown in Table 1 with respect to Examples 1 to 22.

The produced magnetic recording media had excellent RW properties such as

25  SNR or 3T-squash, and their head-flying properties were also stable. That is, the



Wth regard to the nagnetic recording nmedia produced in Exanples 1 to 22
produced by the above-described nethod, a decrenent in the magnetization
magni tude, a 15 decrenent in the coercive force, electronmagnetic conversion
properties (SNR and 3T-squash), the surface roughness (Ra), and the
head-flyi ng height (glide aval anche) were neasured. The eval uation of

el ectromagneti c conversion properties wds conducted usi ng a spin stand. In
this case, ads for the. eva n,, a i cul ar ordl head was
uoed for . PEEEE ggncigecr enaoniniid end Bt S i xR SRR e and
3T-squash were_ neasured when a signal of 750 kFCl was_ recorded therein.

FI G 4 showepediesiagendingrio theenaremnaghetie portion hetiyernitragks incthe magaefic Wyeter t he
reactive plasma treatnent with respect to the magnetic recordi ng nedi um
shown in Exanple 1. The results of the evaluation are shown in Table 1 with
respect to Exanples 1 to 22. The produced magnetic recordi ng nedi a had

excel | ent ¢ I ; SRS head- f | yi ng
properti es%ﬁ%ﬁﬂﬁ%@g%% c@%ﬁegﬁséﬁcgﬁaﬁgﬁc;r od u%éoﬁg%%rgﬁ %f recordi ng
medi a hi gher_surf ace tness, and excellent separating properties
accord? nﬂa@%?tﬁe %rrﬁl %‘P c portion between tracks in the magnetic |ayer.
(Ti me- course evaluatlon on_changes in el ectrgnmagnetic conversion_properties
of 5 magnetic r &G EsPRst iRl Meeveticrererdinganedia piadicersigdatarple bevd di ng nedi a
produced in Exanple 1 and Conparative Exanple, changes in their SNR and
coer ci ve Cotmparative & xenple) ahagebaf theie SNFahddctertive focedbwere rgalubtedbefor&an oven
at 80C and in a humidity of 80%for 720 hours. The SNR eval uation was ’
conduct ed 5§ bftér idcutRads Meht i aar@Jenaﬁsmd%&%ﬁ%%mm&@y OF ST SR 2Vhorz | K

Techni chfEnt erprises, and a spin stand "Si 701 . A shielded-type head
v ueed o1 2 1k SIS A 00 pd R R0 @‘“‘f% R st VRS2 e

10 produced by Guzik Technical Enterprises, and a spin stand “S1701MP”. A

shielded-type head was used for a writing part, and a magnetic head using a GMR device
was used for a reading part. The SNR was obtained as a rms value (root mean
square-inches) where Sp-p was160 kFCI and N was 960 kFCI. As aresult, the
magnetic recording media both in Example 1 and Comparative Example had sufficient
15  SNR and coercive force before the time-course evaluation. However, after the
evaluation, the SNR decreased by 0.1%, and the coercive force decreased by 1% in the
magnetic recording medium of Example 1.  On the other hand, the SNR decreased by
0.4%, and the coercive force decreased by 8% in the magnetic recording medium of

Comparative Example.
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The method of producing a magnetic recording medium, the magnetic recording
medium thereof, and the magnetic recording and reading device using the same can be
5 applied in various industrial fields such as electronics or information technology.

Therefore, the present invention has higher industrial applicability.
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0. H VANV | NDUSTRI AL APPLICABILITY The met hod of
produci ng a magneti c recordi ng nedi um he magnetic recording nedium

t hereof, and the nagnetic recording q@ﬂ%ﬁ&gdlng devi ce using the sane can be
applied in various industrial fields s electronics or information
technol ogy. Therefore, the present invention has higher industrial
applicability. 30 CLAIMS 1. A nethod of producing a nmagnetic recording
medi um having a nagnetically-separated magnetic recording pattern, the

met hod conipri si gmetHadfofproduging avagnrtit eedofdieg mediim Bavingamagnet i c
substrate; and then exposing a surface of the magnetic layer partially to

225t PRIl S SROBARS i R gl 0 oo e 1o
por 1 0g wher eby 3 tagnet) cal |y separ 3158 RSl GG 19 PaLLer 15
then exposing a surface of the magnetic layer partially to reactive plasma, or a
reactive ion generated in the plasma to amorphize the portion of the magnetic layer and
to modify the magnetic properties of the portion whereby a magnetically-separated
magnetic recording pattern is formed.
10
2. The method of producing a magnetic recording medium according to Claim 1,
wherein the magnetization magnitude of the portion of the magnetic layer which is
exposed to reactive plasma is adjusted to 75% or less of the original magnetization
magnitude thereof in modifying the magnetic properties.
15
3. The method of producing a magnetic recording medium according to Claim 1,
wherein the coercive force of the portion of the magnetic layer which is exposed to
reactive plasma is adjusted to 50% or less of the original coercive force thereof in
modifying the magnetic properties.
20
4. The method of producing a magnetic recording medium according to Claim 1,

wherein the reactive plasma is plasma which includes an oxygen ion generated by

introducing an oxygen gas.

25 5. The method of producing a magnetic recording medium according to Claim 1,



2. The nethod of producing a magnetic recordi ng nmedi umaccording to Caim1,
wherein the nmagneti zati on magni tude of the portion of the magnetic |ayer
which is exposed to reactive plasma is adjusted to 75% or | ess of the
original magnetization nmagnitude thereof in nodifying the magnetic
properties. 15 3. The nmethod of produci ng a magnetic recordi ng nmedi um
according to daim1, wherein the coerglve force of the portion of the
magnetic | ayer, which is exposed to reactive plasma is adjusted to 50% or

| ess of t rriesein ghewepctisalasmadnelydesa balegemdeni . nodi fyi ng the magnetic
properties. 20 4. The method of producing a nmagnetic recordi ng nmedi um
according to Caiml, wherein the reactive plasma is plasnma which incl udes
an oxygen ion generated by introducing an oxygen gas. 25 5. The net hod of

produci ng g2 mag n&felrﬂetﬁ&ﬁ@mb&mﬁ@@lmaghmwmg rh&iifhak&drding3d Clmhes,ei n the

reactive plasma includes a halogen ion. 6. The method of producing a

magneti c of the
magnet i c |@%§§‘gﬁqﬁgﬁgg§gﬁaﬁ‘%gﬁ?’ %Pwﬁ ﬁoge 3N g%e:%d]%%{ﬁ%ﬁa gt)rgatqanti ally
i ncl ud I i de. of, ubst stl tuting the magnetic |layer. 7. The

ot hodSof. B allﬁgmi deyil Ut pgtbs #H GORKNENG the EREBFHGl2YS: O ai m 5,

wher ei n the reactlve pl asma i ncl udes oxygen and a hal ogen. 10 8. The net hod
of producing a magnetic recordi ng nediumaccording to Caim5, wherein the
magnetic layer is exposed to plasna including oxygen, and then the nmagnetic

| ayer is exposedheendthetbofprodidinith taghetitabaiding nledih @8édi@ing e Gl Bice of
the magnetic |layer partially to reactive plasma to nodify magnetic

proper ti esybeih M RAtVeHlasma includes oxygen and a halogen.

10 8. The method of producing a magnetic recording medium according to Claim 5,
wherein the magnetic layer is exposed to plasma including oxygen, and then the
magnetic layer is exposed to plasma including a halogen in exposing the surface of the
magnetic layer partially to reactive plasma to modify magnetic properties of the portion
of the magnetic layer.

15
9, The method of producing a magnetic recording medium according to Claim 1
further comprising injecting an ion partially to the surface of the magnetic layer before

exposing the surface of the magnetic layer partially to reactive plasma.

20 10. The method of producing a magnetic recording medium according to Claim 9,

wherein the injected ion is argon or nitrogen.

11. The method of producing a magnetic recording medium according to Claim 5,
wherein the halogen ion is a halogen ion which is formed by introducing into the reactive

25 plasma at least one halogenated gas selected from the group consisting of CF4, SFs, CHF3,



of the magnetic layer. 15 9. The nethod of producing a magnetic recording
medi um according to Caiml further conprising injecting an ion partially
to the surface of the magnetic | ayer before exposing the surface of the
magnetic | ayer partially to reactive plasma. 20 10. The nethod of producing
a magnetic recording nediumaccording tg aim9, wherein the injected ion
is argon or nitrogen. 11. The met hod of32produci ng a magnetic recording

medi um ac di n Claim5, wherein the halogen ion is a halogen ion which
is forned @L"aﬁ‘ﬁ cing into the reactive 25 plasnma at |east one

hal ogenat ed gas sel ected fromthe group consisting of CF4, SF6, CHF3, 32

Ca L, and KBr. 12. The nethod of producing a nmagnetic recordi ng nedi um
according to Claim5, wherein the halogen ionis an Fion. 5 13. The nethod
of produciizg a Thgmedthed sfmrodubinga maghetiv racedinginnglidra aCtaading 1o Cladnes,ei n,
after the magnetic layer is fornmed over the non-magnetic substrate, a resist
pattern f%he&éiﬁ'iﬂ d44n iDRYBIT fAl | Y-separated magnetic recording pattern is
formed on the surface of the nagnetic |ayer, and then, a portion which is
not cogered with the resist 10 pattern is exposed to the reactive plasma to
nodi fy“magnetic properties of the portion, thereby form ng the

magneti cal | y- separated magneti ¢ recording pattern. _14. The nethod of

pr oduci ng 1d- magriae methedol Rpdusingamasneticdecarding mesiwn aeearding topdagimily
resist pattern is fornmed after a protective layer is formed on the magnetic
| ayer. 15vHefein,Rfier thetthaghetit lgyepdfoimel avertipnenimagredo substgteye désisn accor di ng
to Caim1l,

pattern for forming the magnetically-separated magnetic recording pattern is formed on

the surface of the magnetic layer, and then, a portion which is not covered with the resist
10  pattern is exposed to the reactive plasma to modify magnetic properties of the portion,

thereby forming the magnetically-separated magnetic recording pattern.

14. The method of producing a magnetic recording medium according to Claim 1,

wherein a resist pattern is formed after a protective layer is formed on the magnetic layer.

15
15, The method of producing a magnetic recording medium according to Claim 1,
wherein the magnetic recording pattern is a perpendicular magnetic recording pattern.
16. A magnetic recording and reading device, comprising:

20 the magnetic recording medium produced by the method of producing a

magnetic recording medium according to Claim 1;

an actuating device which actuates the magnetic recording medium in the
recording direction;

a magnetic head which includes a recording part and a reading part;

25 a system which moves the magnetic head relatively to the magnetic recording



wherein the magnetic recording pattern is a perpendi cul ar magnetic recordi ng
pattern. 16. A nmagnetic recording and readi ng device, conprising: 20 the
magneti ¢ recordi ng medi um produced by the nethod of producing a magnetic
recordi ng medi um according to Claim1l; an actuating device which actuates
t he magnetic recording mediumin the recording direction; a nmagnetic head
whi ch includes a recording part and a r&ading part; 25 a system which noves
t he magnetic_head relatively to the magnetic recording 33 nedium and a
recor di ng B¢l %5@1{ ng signal -processing unit which inputs a signal to the
magneti ¢ head and whi ch reads an out put signal fromthe nmagnetic head.

a recording and reading signal-processing unit which inputs a signal to the

magnetic head and which reads an output signal from the magnetic head.



