DESCRIPTION Method for Producing Magnetic Recording Medium and
Magnetic Recording/Reproducing Apparatus Technical Field [0001] This
invention relates to a process for producing a magnetic recording medium
used for a magnetic recording/reproducing apparatus such as a hard disk
apparatus. it further relates to the magnetic recording/reproducing
apparatus. Background Art [0002-1 In recent years, magnetic recording
apparatuses such as a magnetic disk apparatus, a flexible disk apparatus
and a magnetic tape apparatussarelwidely used with their importance
being increasing. Recording density of a magnetic recording medium
used in the magnetic recording apparatus is greatly enhanced. .
Espediiiy’Sincé thedBvaisprient of MR Ead G PRIE TR iR e ©

Reredl recCtdimgrdensity isupmeresand more increasing. Recently GMR head
and TMR head have been developed, and the rate of increase in the

areal recording density is about 1.00°/£ pée‘re)ie r. There is still increasing a
demand for further enhancinegCFh%lFeacor fL"ng ensity, and therefore, a

magnétit’layer having a higher coercive force, and a higher
signationeiseatintSNR :ard a highs resekution argreagerly.desikednAn: c
- AYEMmpL ofineregsing the track density Jogether it a9, increase of giner
recording density to enhance an areal recording density iSa S0 beir .
2PRAAGe OO0 NIFE récBAt habgristicRsctidintEapparatist the fraek démsityt©
thdasarpachied about-110kTRo Hewever; withhardncrease of the track
density, magnetic recording information is liable to interferring with each
other between adjacent tracks, and magnetization transition regions in
the boundary regions thereSF&SET718E durce 2 tend to impair the SNR.
Thesé{roblems result in lowering in bit error rate and impede the

enhangementof the-recording.density.ecording apparatuses such as a
magnetic disk apparatus, a flexible disk apparatus and a magnetic
tape apparatus are widely used with theilr importance being
increasing. Recording density of a magnetic recording medium usad
in the magnetic recording apparatus is greatly enhanced.
Especilally, since the development of MR head and PRML technique,
the areal recording density is more and more increasing. Recentl
GMR head and TMR head have been developed, and the rate of increase
in the areal recording density is about 100% per year. There is
still increasing a demand for further enhancing the recording
density, and thereiore, a magnetic layer having a higher coercive
force, and a higher signai-to-ncise ratioc (SNR) and a high
resolution are eagerly desired.

An attempt of increasing the track density together with an
increase of a liner recording density to enhance an areal recording
density iz also belng made.

[0003]

In a recent magnetic recording apparatus, the track density
has reached about 110 kTPI. Howsver, with an increase of the track
density, magnetic recording information is liable to interferring
with each other betwsen adjacent tracks, and magnetization

transition regions in the boundary regions thereof as a noise source



[0004] To enhance the areal recording density, it is required to render
small the size of each recording bit and give the maximum saturated
magnetization and magnetic film thickness to each recording bit.
However, with a decrease in the bit gize, the minimum magnetization
volume per bit becomes small, and the recorded data are tend to
disappear due to magnetization reversal caused by heat fluctuation.
[0005] Further, in view of the reduction in distance between the adjacent

renffiagcks: ahigh-precision tragkservosysiepitechnolegyyis required for,the
magnetic recording apparatus, and an operation _is generally adopted .
ST hetEinTeRordiig R Garried GUN Rt But fRe fepTobticioniSeariad but -
narrdwl/€d that the influence of the adjacent tracks is minimized. This
operafon:is acvantagequsain thathe influense, of the adjacentiracks.gan,
e minirﬂzle ~but it is di_s_advantav%eoousdi.nnth% it@earrggrogucti

output is
e Rer 1ow- This éié”gefegds%cd?ﬁi‘buﬁy"lnler‘%ancement%ﬂ/ﬁe% oa

satygsited ifvTevel Zf0006) Totelnge the heat Huckiatdmanairtairtte:
recdesited SNR andoabtain the gesiredyepreduetian otteut, a:propesal has
ni5EH Made wEeten slevations and.depressiong ale fomad, Whieh. ..
extend along the tracks on a surface of a magnetic recording medium, so_
TeGRATSEatR Of Fattered tratks BRATRE Blevafiohs BasatitioRddBy theversal
caugepresgidnswheteby the track density is enhanced. This type of
magnetig tecording media is hereinafter referred to as a discrete track
media, and the technjque far providing this type of magnetic recording

media s hereinafter refBridd td'Ss & distrete traltk MetioGOoo7ER: the
adijavswn example, oftheldiscretectrack mediankisamagnaetit eredording Logy
is mediumdiscloseddinfonexample; patentdosyment s Whiehds madeby on

. providing.a non- neti rate having 3 .elevations and depressions

is %é%é% f% gﬁo qgi%%%%%%%t%g%ﬁ%dléh'ls carr{gdaout J%gefy but
rméed on-the surrace thereof, and the

the reproduction is carried out narrowly so that the influence of

the adjacent tracks is minimized. This operation is advantageous
in that the influence of the adjacent tracks can be minimized, but
1t is disadvantageocus in that the reproduction cutput 1s rather
low. This also leads to difficulty in enhancemant of the SNR to
a desired high level.

[0006]

To reduce the heat fluctuation, maintain the desired SNR and
cbtain the desired reproduction output, & proposal has been made
wherein elevations and depressions are formed, which extend along
the tracks on a surface of a magnetic recording medium, so that
each of patterned tracks on the elevations is partitioned by the
depressions whereby the track density i1s enhanced. This type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technique for providing this type of magnetic
recording media is hereinafter referred o as a discrete track
method.

[C007)

A known example of the discrete track medium is a magnetic
recording medium disclosed in, for example, patent document 1,

which 1s made by providing a non-magnetic substrate having



magnetic layer corresponding surface configuration is formed on the
non-magnetic substrate, to give physical" _y discrete magnetic recording
tracks and servo signal patterns. The above-mentioned magnetic
recording medium has a structure such that a ferromagnetic layer is
formed via a soft magnetic underlayer on the non-magnetic substrate
having elevations and depressions formed on the surface thereof, and an
overcoat is formed on the ferromagnetic layer. The magnetic recording

o1 cRAUeradkregions form magnetic recording-regions en the levations, o ¢he
magg%%\s;gcally partitioned from the surrounding regions. [0008] In the

[

&-menfionEd MagRERE Te€orting Hriediti, th& becutrence &frmed on
theferronfagpedic domiadis walkin, thessoftmagmeticcanderiayer cahcbpagnet ic
recRieyented of mininizedandtherefore the -influgnce due to the heat

fluctyafion s.reduced and the,nterfere_between the adiacent signals is

minimized With the resurt 6 pr0\9|5|on of a magneﬁg record‘l]ﬁ‘g ‘méedium
sTIaIRGS Ritge SRR The BiscPEronack metoalineRides ipsi type o soft
magmethedsirafirshtype tsdrawn te.e-methed wherelnstragks are-feriged
o1c308e" the fgfu@aéf%;@ﬁ%fs% ultilgyer magnetc recording medium,comprising,,

several laminated fims; and a second type is drawn to a method” Wwherein
OVEstteins Raving levations antFdepreisivhs-are-foffiied ditBclly orca:C
recsubsiratecar fermed oraditm fayer foxdorming tracksdtherecsny andsthentae
=1nultlayer prRanelioreeqiding mesium is,{gHmed using e PRNProed one

substrate or the patterned film layer (see, for example, patent document 2
and 68 it document 3) . The first type method is often called a magnetic
layersrtréatingitype nvethiod; nand thgsecondtype mmethpdiistoften called
oo 2B embessing.tyge: setnod. J0Rh Another discretestrack method; has
andlS81LpLoposed Jn patent dogument 4. In the propgsed method. 2.
previously formed magnetic Tayer is, for example, subjected to an
irihistaptation osknitsy s dibrf sRekygeadtonicr rradiatst ithtiaset viserebye
betfegions: ipartitioning-magnetieitracks ina discrete track mediumare: of
prggyg§gﬁ4of a magnetic recording medium having a large SNR.

The discrete track method includes two type of methods: a
first type is drawn to a method wherein tracks are formed after
the formation of amuliilayer magnetic recording medium comprising
several laminated films; and a second type is drawn to a method
wherein patterns having elevations and depressions are formed
directly on a substrate or formed on & film laver for forming tracks
thereon, and then a multilaver magnetic recording medium is formed
using the patterned substrate or the patterned film laver {see,
for example, patent document Z and patent document 3). The first
type method is often called amagnetic layers-treating type method,
and the second type method is cften called as an embossing type
method.

[0009]

Another discrete track method has been proposed in patent
document 4. In the proposed method, a previously formed magnetic
layer 1s, for example, subjected to an implantation of nitrogen
ron or oxygen ion or irradiated with laser whereby regions

partitioning magnetic tracks in a discrete track medium are formed.



Further, a method of producing a magnetic recording medium has been
proposed, which comprises a step of subjecting a magnetic layer to an
ion milling using a carbon mask (see patent document 5) [0010; Patent
document | JP 2004-164692 Al Patgnt document 2 JP 2004-178793 Al
Patent document 3 JP 2004-178794 Al Patent document 4 JP H5-205257
Al Patent document 5 JP 2006-31849 Al Disclosure of the Invention
Problems to Be Solved by the invention [0011] In view of the heretofore

propesed;magnetigrecording medliums wh i Taged M0 A e
technical problem for further mcreasmg a reco enS|ty a prl ary

hasoBfedt bF (- preset Ve Atioh 1s T6 provide a ﬁfe%w &Fprodueifg anetic

Lavimprovedhmagnetic recordingrmediuny;hwhichzexhibisa greeathy: edbaneedt

y recording density while recording/reproducing characteristics equal to or
better than those of the heretofore proposed magnetic recording
medlﬁﬁr%%re maintained. The produced magnetic recording medium is
char&etetizedincthaeatcoercive 16rce-and ¥&sidiidl magnetization in

regions- paritigning. magnetigregording pattern, have been minimized to a
saUséy ng extent, therejoge \Aq;lt (%lzir #Pé)p Tazgﬁetlc recording can be

avoi and an grea y improved areal recording density can be obtained.
Anothef ¥bfectsT e presentintentiéi? ito flovide a magnetic
recordingfepadueing agparatus vhichlis £guipped with the
above-mentioned magnetic recording medium, and thus, the apparatus
exhibits good head-floatability, and the magnetic recording pattern is
partitioned with exééH%ﬁf%%Vﬂﬁoﬁ&blﬁW and e dighal interferes
occuknngy between the adjacerit ipartitienédregionsare suppressed. Thus
the magnetic recording/reproducing apparatus has high recording density

char%cterlstlcs and is useful as_a discrete type magnetic 5
n view of the heretofore proposed magnetic recording

{5t

mediums which are still faced with a technical problem for further
increasing a recording density, a primary obiject of the present
invention is to provide a method of producing an improved magnetic
recording medium, which exhibits a greatly enhanced recording
density while reccrding/reproducing characteristics equal to or
better than those of the heretofore proposed magnetic recording
mediums are wmaintained. The produced magnetic recording medium
18 characterized in that a coercive force and residual
magnetization in regions partitioning magnetic recording pattern
have been minimized to a satisfying extent, therefors, write biur
upon magnetic recording canbe aveided and an greatly improved areal
recording density can be obtained.

Another object of the present invention is to provide a
magnetic recording/reproducing apparatus which is equipped with
the above-mentioned magnetic recording medium, and thus, the
apparatus exhibits good head-flecatability, and the magnetic
recording pattern is partiticned with excellent partitionability
and the signal interferes occurring betwesen the adjacent
partitioned regions are suppressed. Thus the magnetic
recording/reproducing apparatus has high recording density

characteristics, and is useful as & discrete type magnetic



recording/reproducing apparatus. In view of the above-mentioned
beneficial characteristics, the magnetic recording medium produced by
the method of the present invention is useful as a discrete type magnetic
recording medium having a magne#tcally partitioned recording pattern
comprising magnetic recording tracks and a servo signal pattern. The
method of producing the magnetic recording medium is simple and easy.
Means for Solving the Problems [0012] Researches, made by the

redBvENiOrs, for the proyision of a .magnetic recording medium revealed that

the above-mentioned “improved magnetic recording medium can be

prodticed 6y the foifowing” methods ¥ ts the Presént fvertion has beeh
thecompleted: ireaccordanceitin theqresentipvention, therecdre pravidettnt
1 nvifie-following methads fok preducing.ayagnetigrecording meditnn. {0913}
na<A method for producing & magnefl recording medium havinga., ,
' ma%netlcaﬁy par itiored ?nag‘ﬁeﬁc recorcﬁng pa%t‘e'clgn Bn- attéastone ¢
nagrface BT RO ARTAGAEHE S Ubstrates Sharaglatized Byt ebmprisiflegthies thod
of tellowing stepséAnthresghd R)<carriedroutiadhis: order (A Bestepokasy,

formﬁg;ag Jnagoe '%i%%gor%ﬁen %’Bi‘gngtic substrate, (B) a step of

formmg-atarbon'%ayerori-themgnem%yﬂ f er, (C) a step of forming a

resisﬁ%i'on the carbon layer, (D) a step of forming a negative pattern

of theanagnetie srecording pattesn onvthe: resist layer o(&) astef ofon of 2
mad@Enongportions of the rest layer.and; portions .of the carbon layepin,

.__regions corresponding to the negative pattern of the magnetic recording
TESAHEM AR Theft, {BY 3 Step of Femaling at feRSPA Suffabd [ayBrpdrntidhior
me tthedmagrigticslayenén eaehaeyion cenespondig e tie negatigespattern
of the magnelig-Fecoreing patiern 1014} {2}k-The methed for-producinga
: m_agne_ tic.recordin medium_ as mentioned above in (12 wherein the _,
the T Li@Wln?fneté% S 10X ProduTing a magnetlc récording medium.
carbon layer formed on thé

r0013]

(1) A method for preducing a magnetic recording medium
having a magnetically partitioned magnetic recording pattern on
at least one surface of a nonmagnetic substrate, characterized by
comprising the folliowing steps (A) through (F) carried out in this
order:

(A) & step of forming a magnetic layer on a non-magnetic
substrate,

(B} a step of forming a carbon layer on the magnetic layer,

(C)

(D

) a step of forming a negative pattern of the magnetic

a step of forming & resist layer on the carbon layer,

recording pattern on the resist layer,

(E) a step of removing porticns of the rest layer and portions
of the carbon layer in reglons corresponding to the negative pattern
of the magnetic recording patiern, and then,

(F) a step of removing at least a surface layer portion of
the magnetic layer in each reglon correspending to the negative
pattern of the magnetic recording patiern.

r0014)

(2} The method for producing a magnetic recording medium

as mentioned above in (1}, wherein the carbon layer formed on the



6 magnetic layer in step (B) has a thickness in the range of 5 nm to 40
nm. (3) The method for producing a magnetic recording medium as
mentioned above in (1) or (2), wherein only the surface layer portion of
the magnetic layer in each region carresponding to the negative pattern
of the magnetic recording pattern is removed in step (F). (4) The method
for producing a magnetic recording medium as mentioned above in (3),
wherein the surface layer portion of the magnetic layer to be removed has

nacddickness i the range of2 nmdto.15:0m, {00151 ;(5)The method fers o,

producing ‘a magnetic recording medium as mentioned above in any one
Lo 5’19(1%0 (4), wherein the removal of said at least the surface layer portion

of thé thadiieticiayerdnistepriR)dscanmded outdyed reactve ioh mjllingcorm
2= adgactive jonetehing. (6),The methodfar-producing a-maagneticrecording

rgedium as mentioned /gtiove in any one of (32 to (5) , which further n
PO Rrises (PR Step-of eXpbsiig Gach FEGIoR bf the magnetic layer, =
negyhichehas been exposed by the Femovall of the Surficesiay ek porioaves in
st dhemagnetic layer in step (F), to a fluorine-containing gas ion and then

an 04349e”@%aes.r‘a%”ci{‘oﬁ“%é’{qe%o(ﬁgﬂ? method, fo producing 8 magnetic, ,
recording medium as mentioned above in anyone o?(f) to (b), wherein
as {heforRiatiorn T iRe egative PaRERM-Bf TAE nagifeticrecoraing pattér ot
thetheasesisi tayeriarstep (£2) isscarvied autby transferpenting usiagrange of
5 Stamp.,[0016] (8) The method for producing a magnetic recording
medium as mentioned above in any one of (1) to (7), which further
comﬁr@gésa.}(G) a step of removing residual portions of the resist layer and
residual pditiensfithe darboprlagier after step¢Rrand, ifeanydstep (R 1ium
as @ hemethod-for producing aimagnetic recording mediumy, the removal
of said at least the surface layer portion of the magnetic layer
in step (F} i1s carried out by a reactive lonmilling or a reactive
ion etching.

(6} The method for producing a magnetic recording medium
as mentionad above in any one of (3) to (5), which further comprises:

(F") a step of exposing each region of the magnetic layer,
which has been exposed by the remcoval of the surface layer portion
of the magnetic layer in step (F), to a filuorine-contalning gas
ion and then an oxygen gas ion in this order.

(7) The method for preducing a magnetic recording medium
as mentioned above in any one of (1) to (€), wherein the formation
of the negative pattern of the magnetic recording pattern on the
resist layer in step (D) is carried out by transfer printing using
a stamp.

[0016]

{(8) The method for producing a magnetic recording medium
as mentioned above inany one of (1) to (7}, which further comprises:

(G) a step of removing residual portions of the resist layer
and residual portions of the carben laver after step (F) and, if
any, step (¥F).

(9) The method for producing a magnetic recording medium

as mentionad above in (8}, wherein the resist laver is formed from



as mentioned above in (8), wherein the resist layer is formed from 7 a
SiO2 material or a Si02-containing material in step (C), and the residual
carbon layer is removed by dry etching using 02 gas in step (G) (10) The
method for producing a magnetic recording medium as mentioned above
in (9), which further comprises: (H) a step of, after step (G), etching the
surface layer portion of the magnetic layer by using an inert gas. [00171
In accordance with the present invention, there is further provided the

a si@igowmf@@ﬁnsyCar%%%gi%gfﬁ%e%%ngawgfgﬁ% (LLLA magnetie 1.

recording/reproducing apparatus characterized by comprising, in .
ESehinbination the Mégnetic FecoTdii Medium Broducsd by the metfied as”
stemeffioned above in any one of (1) to (10) ; a driving part for driving the

magneti¢ reeosding (nediwm in,the recording. . ditection; a magnetichead,

com| _(lSln%ila recording Eg(t an(fma tgep}godfqgmg part; means for moving the
a8 %%% eticT heddin a télative motion to thé ‘magneétic récordiig medium;

and @lrecordisg-and-reproducipieesigh@l treating imeahsgosinpuiting Laver
porsignal krthe magnetic-head and-forepraducing output sighal from the
magr?%%@pad, Effect of the Invention [00181. According to the present
invention drawn to a method for producing a magnetic recording medium

wherBin3 ftagieticldyeris HsimRéG oira Adizfiggiétic SUBsRate dntr s
pro&inagnetie recordingnpaiternds formesben ihe magaetc tayer, aomagnetic.

recording medjum, canbe.provided which,is gharacterized in that a good

__head-fioatability is ensured, and the'magnetic recording pattern is
Chagértitiohet by the regions extibiting eXCBIEnt Partitionabiliy and the
recsigiahintesféres gocerring b étweaer the tadjacentpartitioned mgiorsiin they
onePattern are suppressed.and; thatahighirecordingfensity canbe. o rging

achieved, LOOl%] Further ac,cordmg to the 1[%resen,t invention, a ma%netlc

medlum 1n the recording dlirectIon; a magnetlc head comprising a
recording part and a reproducing part; means for moving the magnetic
head in a relative motion to the magnetic recording medium; and
a recoraing-and-reproducing signal treating means for inputting
signal to the magnetic head and for reproducing cutpui signal from
the magnetic head.

Effect of the Invention

[0018]

According to the present invention drawn to & method for

producing a magnetic recording medium wherein a magnetic layer is
formed on a non-magnetic substrate and then a magnetic recording
pattern is formed on the magnetic layer, a magnetic recording medium
can be provided which 1s characterized in that a good
head-floatabllity is ensured, and the magnetic recording pattern
is partitioned by the regions exhibliing excellent
partitionability and the signal interferes occurring bstween the
adjacent partitioned regions in the pattern are suppressed, and
that & high recording density can be achileved.

[CO19]

Further according to the present invention, a magnetic
recording/reproducing apparatus can be provided which is equipped

with the above-mentiloned magnetic recording medium, and thus,



recording/reproducing apparatus can be provided which is equipped with
the above-mentioned magnetic recording medium, and thus, 8 exhibits
good head-floatability, and the magnetic recording pattern is partitioned
with excellent partitionability and theg signal interferes occurring between
the adjacent partitioned regions are suppressed, and thus, which
apparatus has high recording density characteristics. Brief Description of
the Drawings [0020] Fig. 1 illustrates a cross-section of an example of the

exriiuctire of a Hl?ﬁ‘eﬁ%@c&é@“ﬂt?e%‘{@ qgeorgling. o the Eéeé?fﬁm

invention. Fig. 2 is a flow-sheet of the first-half steps_for producing

Patiietic fRtording editmdecSafg i the presem SAvErtion.Y F?@‘ds s
s1dfiew-shestofdhessecond-halfsteps feepraducing aamagnetie recordingcd

regmgﬂéu@v%c%mg%m@ pg%&erﬂﬂagenmmcEl%%é&aﬁﬁbem@tl%g
illustration of the m%ﬂnetlc recordlng reproducing apparatus according to

re%%ﬁoﬁr%%e%?rﬁ%véﬂtl *Réference hiumerals: [0021] In Fig. 1, W Width of
magnetic region in a magnetic recording pattern Width of non-magnetic

region in a magneticrresesding- pasiera 4 0GNop-magnetic substrate 200
Soﬁ-metic underlayer and intermediate layer 300 Magnetic layer 400
Non- magnetlc region 500 Protective overcoat In Figs. 2 and 3, 1
NonJhégnetic SUBSi&R < Magrictrerayer 3iCarlson My  aRasisP faydi®

structure of a magnetic recording medium according to the present
invention.

Fig. 2 1s a flow~sheet of the first-half steps for producing
a magnetic recording medium according to the present invention.

Fig. 31is a flow=-sheet of the second-half steps for preducing
a magnetic recording medium according to the present invention.

Fig. 4 is a schematic illustration of the magnetic
recording-reproducing apparatus according to the present
invention.

Reference numerals:

[0021]

In Fig. 1,

W Width of magnetic region in a magnetic recording pattern

L Width of non-magnetic region in a magnetic recording
pattern

100 Non-magnetic substrate

200 Soft-magnetic underiayer and intermediate layer

300 Magnetic layer

400 Non-magnetic region

500 Prctective overcoat

In Figs. 2 and 3,

Non-magnetic substrate

1

2 Magnetic laver
3 Carbon layer

4

Resist laver

n

Stamp

6 Milling ion



5 Stamp 6 Milling ion 9 7 Region from which surface laver portion of the
magnetic layer have been partially removed 8 Depression in resist layer,
formed by pressing d: Depth of the region from which surface layer portion
of the magnetic layer has been partiglly removed, i.e., thickness of the
removed surface "gayer portion of the magnetic layer. 9 Protective
overcoat In Fig. 4, 11 Medium-driving part 27 Magnetic head 28 Head
driving part 29 Recording-reproducing signal system 30 Magnetic

recoringnegim B St ade 01 CaYIng Ul Ie INVGMUAR (0GR T0Es .
_method forproducing a magnetic recording mediun according to ﬁ'l]% -
La)5resBAT veiitiorPiilFbé-descrBeessecifically by referring to a discrete

type tnagaetiesecording medium. [ml;‘rig:_,l hﬂusﬂaﬁng;a pﬁ@s&se@tion of
an examplepfthe &E“z&%“i%}}&%‘%‘%%c&ﬁd@% %%‘1!“%989%@9?5 h

- Ehe present_invention, an optional 'Layer 200 which is a combination of a
% Soft-maghetit Undefayef andFan intermédiate Ta7Er g tormmeéd on-alciness
of durfaceubasbrsmdgretic substrater 100nand magnetignegions. 306:with

a magnetic.pattern,ang.ngn-magnetic regions 400 are formed on the
optioEgl.ELa er 200. The magnetic regions 300 are regions of a magnetic

layerin Whith a magnetic pattern is formed, and the non-magnetic
regiohs 48edréTregiois hravivig-io magnetic pattern which have been
formed byiparially-remeaying portions of the magnetic layer. A protective
300 320 the P PREREHS Tebions 400,  desied, a Lbricating i (ot
showrYin Fi§C41y 18 forre "R the tippetAiost stiFfied™ The magnetic
regiobs 308gfunctionrasarreénerdingtiack region with a width of W, and
the

Best Mode for Carrying Out the Invention

[0022]

The method for producing a magnetic recording medium
according to the present invention will be described specifically
by referring to & discrete type magnetic recording medium.

In Fig. 1 illustrating a cross-section of an examplie of the
structure of a magnetic recording medium according to the prasent
invention, an cptional laver 200 which is a combination of a
soft-magnetic underlayer and an intermediate layer is formed on
a surface of a non-magnetic substrate 100, and magnetic regions
300 with a magnetic pattern and non-magnetic regions 400 are formed
on the opticnal layer 200. The magnetic regions 300 are regions
cf a2 magnetic layer in which a magnetic pattern is formed, and the
non-magnetic regions 400 are regions having no magnetic pattern
which have been formed by partially removing portions of the
magnetic laver. A protective overcoat 500 is formed on the
uppermost surface of the magnetic regions 300 and the non-magnetic
regions 400. If desired, a lubricating film (not shown in Fig.
1} is formed on the uppermest surface. The macgnetic regions 300
function as a recording track regicon with a width of W, and the
non-magnetic regions 400 with a width of L function as a partition

for separating the adjacent magnetic regions.



non-magnetic regions 400 with a width of L function as a partition for
separating the adjacent magnetic regions. 10 [0023] In the example of
structure as illustrated in Fig. 1, the non-magnetic regions 400 have been
formed by removing the entire portigns of the magnetic layer which
correspond to the non-magnetic regions 400. However, preferable
non-magnetic regions are formed by removing only surface layer portions
of the magnetic layer, which correspond to the non-magnetic regions 400,
o) th%éag Predomlnant part of each portion corresponding to the
non- ma%netlc region remains without removal (this preferable fashion -'s
net ittis ?ﬁt@dﬁa}ﬁ%@ 15 . IHEHiSprefersble fasHioR Hie! rétess Fegibnstor
northezmagneticdayemcorréSpoadin@ptathe non=magnettredingst fromntire
po2tlicilsuFtace lpygroortions,elthe maonslic layerave Been (RTaYet. o

preferab g have a'depth "d" in the range of 2 to 15 nm, more preferably
TEALCT6 M’ im \ﬁ%&)@%‘f%e Fo&tabiiy of Q?ﬁaﬁﬁ&ﬁ?%&%ﬁ@ﬁeﬁﬁ?dﬁﬂ%@d
by recess regionyis egimat¢o thethicknessnefihe remeved sudfdee fayerhich

corRQrEionsOf thermagnetic: Jayer. -[0824L1be, mtwmathe;ﬁéeggn&ommam
|pve@t|on for %QOQUcmg a mae%netlc recordln% medium haV| <. region

magne?caf artltlone§ magnetlc rec%rd’ng pae[tern on ag?easlt one
revgisgcelsr e nbmwagietc sSubstratel wikkbesdeseribed by referrihgiatrated

in preferned Spﬁeiﬂﬁ%@ﬁ@&ﬁwﬁ@f@%ﬂﬂi@{faﬁﬁd&in:E@s% amlgF'tgzs? ASthe
magll!%b @tep' D F'gcgr e'%’? %&?ﬁ;'a%{grzé{é grme a:h ;nagpetic .

strate step (A layer ormed. ema etic layer

W"l[%?eal(@i]a%r%ﬁfﬁ%@@%%ﬁmd}@dﬂ%@%a@oﬁﬁ@@% peCy Fraved,
crafegative/patiemn of themagneticirecoedingrpattern is given fo the resist

prad@yendistep (D)L By theiterm negative paiern ofthe magpetig recording.,

pattern” as_specifically used herein, we mean a pattern having depressed
eqdgions ntRB Tedist fayer RICRTOrAE Barfitons foreeparating® rg%ﬂﬁ?& S8
of tracksreframagretic zecording medium.oThe darmatonaghtielnegative -
patte(@d;@g;@rried out by, for example, pressing a stamp 5 against the

reSIS&L?é/ [tsh %%Df)] llrg%%ergoevyﬂ lnl%\ergntion for producing a magnetic
recording medium having a magnetically partitioned magnetic
recording pattern on at least one surface of a nonmagnetic substrate
will be described by referring a preferred specific example thereof
as illustrated in Fig. 2 and Fig. 3.
As illustrated in Fig. 2, a magnetic layer 2 is formed on

a non-magnetic substrate 1 [step (A)]. A carbon layer 3 is formed

cn the magnetic layer Z [step (B)]. A resist layer 4 is formed
onthe carbon layer 3 [step (C)]. Anegativepattern of themagnetic
recording pattern is given to the resist layer 4 [step (DV]. By

the term “negative pattern of the magnetic recording pattern” as
specifically used herein, we mean a pattern having depressed

reglions in the resist layer, which form partitions for separating
recording tracks of a magnetic recording medium. The formation
of the negative pattern is carried out by, for example, pressing
a stamp 5 against the resist layer [step (DV]. The arrow in step
(D) indicates the direction in which the stamp S moves. Portions
of the resist layer 4 and porticns of the carbon layer 3, which

formthe regions corresponding te the negative pattern, are removed



(D) indicates the direction in which the stamp 5 moves. Portions of the
resist layer 4 and portions of the carbon layer 3, which form the regions
corresponding to the negative pattern, are removed it [step (E)].
Thereatfter, as illustrated in Fig. 3, af jeast surface layer portions with a
thickness "d" of the magnetic layer 2 in the regions corresponding to the
negative pattern are removed by, for example, ion etching or ion milling
[step (F)]. If desired, residual portions of the resist layer 4 and residual
{st%%rti?ﬁﬁqf the carbon layer 3 are removed [step (G)]. [0025] In the
producing method of the present invention, following the steps (A)
throﬁ??(@???ﬁe“sﬁ?a&éf&ﬁ&rﬁ@ﬁ%ﬁ@ dfthe maghetieakiyérpdres laver
pompreferablytetched withansinert gasystepdsjleMiore sspecifically he-egions
co:Suface layer portions,of the;magnaticlayer. 2 W&%Qé@?%& a1,

. _example, ion milled or.ioh etched in steg\(l}) are removed with an inert
‘Oﬁgaesbggcﬁ%soargb%ng% or'NiZ gadtata depth inthe FigeEor 1162 At -
po0026} Ifidésiredsfoliowirg the Stepd Grof remobving theresmlahportdohsn
Laefresistlayesanddhe residualpportions of carbon layer, the depressions
of the@a{i%qetic layer 2, which have been formed by removing at least
surface Tayer portions thereof in step (F), are filled with a non-magnetic
matefal (i steplis mct ROV if TFig B P rErerafian dpictectiVe . L owing
theoyergeal B)is prefesably formed-on thesuppesnestsuriace-af the magneticc

12,)ayes [step S}le.mg%%%;%%ﬁ@gé%yta%(a?}@%hownz i Lg?rg%%q they e

uppermost surface. [00 he steps in the pr(”)ay%?ng od of the
SPSresentinventiclt WHIBE descritiet speGHEay ahd-hforesardetat. Thgsr 2
wha‘rmsr_]lfmagrieéiersu tﬁstrafeidam?ed,iniﬂste pigsent inventior:tistrot palrttmﬁ@rly(F)
s rdimiled, 8nd, ag,specific. examples thereot, there can bementioned. yepe i,

. aluminum alloy substrates predominantly comprised of aluminum such
in T or BRAIE, an Mg loy
[0026]

1f desired, following the step (G) of removing the residual
portions of resist layer and the residual portions of carbon layer,
the depressicns of the magnetic layer 2, which have been formed
by removing at least surface layer portions thereof in step (F),
are filled with a non-magnetic material (this step is not shown
in Fig. 3).

Thereafter, a protective overcoat 9 is preferably formed on
the uppermost surface of the magnetic layer [step (I)]. Finally
a lubricating laver (not shown) is formed on the uppermost surface.

(00271

The steps in the producing method of the present invention
will be described specifically and more in detail.

The non-magnetic substrate 1 used in the present invention
is not particularly limited, and, as specific examples thereof,
there can be menticned aluminum alloy subsirates predominantl
comprised of aluminum such as, for example, an Al-Mg alloy
substrate; and substrates made of ordinary soda ¢glass,
alumincsilicate glass, glass ceramics, silicen, titanium, ceramics,
and organic resins. Of these, aluminum alloy substrates, glass

substrates such as glass ceramics substrate, and silicon substrate



substrate; and substrates made of ordinary soda glass, aluminosilicate
glass, glass ceramics, silicon, titanium, ceramics, and organic resins. Of
these, aluminum alloy substrates, glass substrates such as glass
ceramics substrate, and silicon substrate 12 are preferably used. The
non-magnetic substrate preferably has an average surf ace roughness
(Ra) of not larger than | nm, more preferably not larger than 0.5 nm, and
especially preferably not larger than 0.1 nm. [0028] The magnetic layer 2

are,cr%'} Qfefﬁégﬁf gigggt!y on the non-magnet?c substrate 1. Alternatively
intermediate layers such as a soft magnetic underlayer, an

orientafiGrReoRtrBl flyet 8870 ATuieriGhaRtermediateHy6r iSot SHOWHE
rouigkige 2) (Garn be‘formed: ofithe- nen-magnetic syhsteaterantdithest therge r
nhamagnetic layer 2 Ié4965&%0&Hgﬁrs@fgﬁgpmﬁgﬁg{m;ﬂgwel% f@gxﬁeoe'ih%.

an in-plane magnetic layer or a perpendicular magnetic layer.
perpé dicular magnetic laver is preferable in view of more enhanced
recofdingreensity: T hezpagneticalayee istpreferally fermnmed fromtare alloy

norPiedaminantly.semprised of eobalt..A prefergble, example ofdhe insplane 1,
magggtrlé:a'la?ye ris an%%r%ﬂnaetpn of a ferromagnetic CoCrP{Ta Iagler ng a
25 QS magnetic GG Underiayer. 100201 "R praterable Bxample’ §f the "o/
& rpefseRdieulat fiagpetietayetyesmpiiges apial oy prédordinantly be formed
on compiisedfgehalt The cobalteallaydneludes for examplei @ 1ayer 2 is
£ Or%%goi%%gg;gl?t alloy and a 70Co0-5Cr-15Pt-I0OSiO2 alloy (the numeral
occurring immediately before each element refers to % by mole of the
elemetft) "ATTEferaBRYRLIIRYESE IS foPthe nBgReiCEdRding Laver
or aedigrarcbimpiisesa gombinatioreef a softemagneticundedayertic layver

is COOPLSed:Of & »ex0.alloyshch as EeCoB. FeCo3IB, FeCaZy, FeGozrB
or FeCoZrBCu; a FeTa alloy such as FeTaN or FeTaO; or a Cc al 0}:

such'&§ CEFAZT: Eo 2N br CoB X &h Triemtaltidh-e8Rtrot ke o ed
preoficP R INICronNiFe€r arfd antdatermediate ruthenium

A preferable example of the in-plane magnetic layer is a
combination of a ferromagnetic CoCrPtTa layer with a non-magnetic
CrMo underlayer.

(0029]

A preferable example of the perpendicular magnetic layer
comprises an alloy predominantly comprised of cobalt. The cobalt
alloy includes, for example, a 60Co-15Cr-15Pt alioy and a
70Co-5Cx-15Pt-10510; alloy (the numeral occurring immediately
before each element refers to % by mole of the elament).

Apreferablemultilayer structure for the magnetic recording
medium comprises a compination of a scft magnetic underliaver
comprised of a FeCo alloy such as FeCoB, FelofSiR, FeCofZr, FeCoZrB
or FeCeoZrBCu; a FeTa alloy such as FeTaN or FeTal; or a Co allioy
such as CoTaZr, CoZrNB or CoB; an orientation-control laver
comprised of PL, Pd, NiCr or NiFeCr; and an intermediate ruthenium
layer; and, formed thereon, a ferromagnetic laver comprised of z
60Co-15Cr-15Pt ailoy or a 70Co-~5Cr-15Pt-10510; alloy.

[0030]

The magnetic layer 300 in Fig. 1 preferably has a thickness

in the range of 3 nmm to 20 nm, more preferably 5 nm to 15 nm. The



layer; and, formed thereon, a ferromagnetic layer comprised of a
60Co0-15Cr-15Pt alloy or a 70Co-5Cr-15Pt-IOSiO2 alloy. [0030] The
magnetic layer 300 in Fig. 1 preferably has a thickness in the range of 3
not to 20 not, more preferably 5 nme 15 nm. The 13 magnetic layer is
formed so that sufficiently high input and output head powers can be
obtained in consideration of the kind of magnetic alloy and the laminar
structure. The magnetic layer has a thickness of at least certain value so

as ta ohtain an output power of at least certain Jevel at reproductign. i
magﬂ%ﬁe%éﬁ %Ifalrﬁe%egrrgu Fg‘ealcr)]é: T%Etﬁél ‘reégrjd%%%i}yrgﬁr%%dgﬁé‘% ane Qutplft
heachapHEarstics irecgeaerly ‘deteiicreledattrarrintiease of themapatic
a11pgwerd Therefereran optimumrthicknesseiynagneticlayenisspreferabliess

of %‘%0%_%%5% Q\%}Sf%g@t@&%f thgoogEQnggp %‘%g%qu tpeou‘mui’ g.ower Gf

. _recordation-reproduction characteristics. 31; Tn the producing mﬂethoa;t
~S35fthE Presént Fifention, S Earbvt1ayer IS FOPTET oR IReBEFfRAER B tRe 1ng
to magneticdayer. [Fhe-formatiorcof the carhan-tayer canche effected ys fory

Jet@XAMPIa A sputtering onCVD method: A %\c{k?p@@t%%é% preterablye o on

adgf%e%because a dense carbon film is formed. The carbon layer
°p ably HasE thitknBESTTiTthe raige of 5 nit B 267y morepreférably
CONEQ AR 86 307 nea. Withoa thickniess: pithinter tharcsamm Lundesirabléuction
cheSaggingatitheedge portion of the carbon layer tends to occur and the
formabhi q;jy of a magnetic recording pattern is deteriorated. Further, ions
d: . .
tend to penetrate through the resist layer and the carbon layer into the
maghetiE rayerothereby deterioratingthe RizgFRtic chaietdnstics otaeon
laymagneticdaves |acoritrastuwitha thickness ekthickarthan40 nm, the
time fequired for efching the ¢ Q%Jéy%fe@n@a%“%{gd%fteh&gf Juetivity,
becomes poor. Flirt’her, when the carbon layer is eiched, aresidue” "
XA RSSirdb ST enT&ins 6h fiie MagREtiE taer 26032 € aRs6n tanréssifrBE LY
adagtcheddncreactive idaretehimgrorreactive ien faillimg] Using an oxygen
gas. fherefore, whendhe e foral) v has a thickness in the range of
5 nm to 40 nm, more preferably 10 nm to 30 nm. With a thickness
of thinner than 5 nm, undesirable sagging at the edge portion of
the carboen layer tends to occur and the formability of a magnetic
recordingpattern is deteriorated. Further, ions fend topenetrate
through the resist layer and the carbon layer into the magnetic
layer, thereby detericrating the magnetic characteristics of the
magnetic layer. In contrast, with a thickness of thicker than 40
nm, the time required for etching the carbon layer is long and thus
the productivity becomes poor. Further, when the carbon layer is
etched, a residue undesirably remains on the magnetic layer.
(00327
Carbon can easlly be etched by reactive ion etching or
reactive ilon milling, using an oxygen gas. Therefore, when the
residual portions of resist layer and the residual portions of
carbon layer are removed in step {(G) shown in Fig. 3, the residue
remaining on the magnetic layer is minimized and the staining of
the magnetic layer surface can be minimized.
[0033]

In the producing method of the present invention, a resist



residual portions of resist layer and the residual portions of carbon layer
are removed in step (G) shown in Fig. 3, the residue remaining on the
magnetic layer is minimized and the staining of the magnetic layer
surface can be minimized. [0033) Insthe producing method of tihe present
invention, a resist 14 layer is formed on the carbon layer and then a
negative pattern of the magnetic recording pattern is formed onto the
resist layer 4. The formation of a negative pattern of the magnetic

la 55%@%%&?@&%9%@5&9 CF% Ltﬁ%ﬁofc‘?{éﬂtignﬁ'eageﬁ%%h%%@@é‘}%

_“technique. However, it is preferable from a operation efficiency to adopt a
oL I RHERFBEPrESSiRG A StatpRagdiRETHE reSiStfayeF Whérshy aidgatives”
4. patterficofa magnetic zecerdingveattent iscrrarisfenee chia the tesistiayering

patl0034]In,the producing mathod ofthe. presentiinventionafiet a, negative .

attern of the maggeticjecordLnngattegn is formed to the resist layer 4 in
e Stept) shoWiTih Fiy. 2, the Hepressed fegions 8 G Fesist fay it 4+ ency
to preberably hevecal thiCkpess fithe rangeraf @de 20smiWhenghet layer

whedepressed-regions ob resistlayer havessuch fhicknessqthe selective,, ;s

traremn}gvale(g tbg re s(i%strI%%elr ?n ;h% garbon layer in step (E) in Fig. 2 and
S ep‘”(ES in Fig. 3 can be effectéd in"an advantageous manner. That is,
undekiable sagging at edge portions of the carbon layer 3 can be

avoided &nd the shieldability. rokthe carbendayer3 againstmiling ienGr a

h dins in Fig..3,.an > formability.of the magneti
i e I e
Eher&Rrred-sHBBdimBnt GithE metHod fof producind- & =haghetic tecordiny s
8 chedismsacdaerding to the peesaritinvention, ahmatedakbwhich cantege of

o weHred ypon jiradiation with; radiation.is;used as the material for forming, .,
.. the resist layer 4 jn steps (C) and (D).in Fig. 2; and, when a negative
~mbhetic %{%Pcﬁﬁﬁ%%‘éwu Tatsferrdonto the et lagli4b§ G&ing™"
LavestamEsdn step (@), op aftercthe trapsféFof hegative magnetic re€drdingd
in Raltem/BASageous manner. That is, undesirable sagging at edge
portions of the carbon layer 3 can be avoided and the shieldability
of the carbon layer 3 against milling ion © can be enhanced in step
(F) in Fig. 3, and the formabiliity of the magnetic recording pattern
by the carbon layer 3 also is enhanced.

[003%]

In a preferred embodiment of the method for producing a
magnetic recording medium according to the present invention, a
material which can be cured upon irradiation with radiation is used
as the material for forming the resist laver 4 in steps (C) and
(D) in Fig. Z; and, when a negative magnetic recording pattern is

ransferred onto the resist layer 4 by using a stamp 5 in step (D),
or after the transfer of negative magnetic recording pattern has
been completed, the resist layer 4 is irradiated with radiation.
In this preferred embodiment, the configuration of stamp 5 can be

transferred on the resist layer 4 with high precision.

f
Consequently, when the regions of the carbon layer 3, corresponding
T¢ the negative magnetic recording pattern of the magnetic
recording pattern, are removed by stching in step (E) in Fig. 1,

undesirable sagging at edge portions of the carbon layer 3 can be



been completed, the resist layer 4 is irradiated with radiation. In this
preferred embodiment, the configuration of stamp 5 can be transferred on
the resist layer 4 with high precision. Consequently, when the regions of
the carbon layer 3, corresponding tgsthe negative magnetic recording
pattern of the magnetic recording pattern, are removed by etching in step
(E) in Fig. 1, undesirable sagging at edge portions of the carbon layer 3
can be 15 avoided and the shieldability of the carbon layer 3 against

avdTilling. ion.6, can, be-enhanced, and the éQE‘BéHi'i%ﬂé@é@%@ﬁ%%‘%&ilung

recording pattern by the carbon layer 3 can also be enhance

+oT & dfiation LSREFOr Sarifg the EurabiBinaterial refdrae idiaetromagnatie i ng
palwaves ity atbacksense Whiehr include keatrays, ansibfeckght, ultraviolet

light, X saysand gammadays- As: spegific examples of the curable o rorg
o ngatgglagégeg%gag be\p;entlone thermosetting resins which are curable

by heat Taye. and - uffFaviolet sething tesing Whith are clifabis by tittabiorér
vidighte [00SB] in tHé riathodsbr pretiicing thevnagheticraoerdingmedium
speagcording fa,the presentdnventioncinthe step (D) of fransferring, segative

ndDA | .reco[din atterns onto the resist layer 4 b tusin stamp 5, itis

t?epreggrgaiﬁel ?ﬁatv%%egé}:%rﬁ%}scgrgsjfseedp gﬁ%ﬁsé@ré “isp I%%//er ﬁah\%s\finarhglg h

W SRy &nd Sthite tHe fesistafercis 3h  pressed state. e vésistlayecht -
is irrddiated with radiation to be thereby cured, and thereafter the stamp 5

is removed. from;the resistlayer.4. By this procedure t@g&&@&% fion; of

___the stamp can be transferred to the resist layer'4 with a |g£h4_ precision.

SCHBHIT RO AGiAtng e el Ty &t habing igh-faidity Witht FadiaaeRt1ng
negoliile thergsist layerdsimdi pressedrstate, there dare becadoptetiger 4 by
usimethed af imadiating alapyinate, skucture cermprising, the rasistlayer with, .

radjation by exposing the, substrate side (i.e.,. side opposite to the
it & %avm??ayéﬁ%o? %ﬁgh“iﬁatémﬁru&ﬁfré) oradiation: & 1aveT

ressjtgmp-%ﬁ{gssed resis
13 metod> bR ESHYY aTadiatiomFansmitis g stamp, ehdlexposiagatewith
ractamppressediside @f the lapainated thereafter the stamp 5 1s removed
from the resist layer 4. By this procedure, the configuration of
the stamp can be transferred to the resist laver 4 with a high
precision,

[C037]

For irradiating the resist layer having high fluidity with
radiation while the resist layer is in a pressed state, there can
be adopted a method of irradiating a laminate structure comprising
the resist layer with radiation by exposing the substrate side (i.e.,
side opposite to the stamp-pressed resist laver) of the laminate
structure To radiation; a method of using a radiation-transmitting
stamp, and exposing the stamp-pressed side of the laminated
structure to radiation; a method of exposing the stamp-pressed
resist layer to radiation by applving radiation from side of the
iaminate structure; and a method of using radiation exhibiting a
high conductivity to a solid, such as heat rays, and exposing the
stamp-pressed side of the laminate structure or the opposite side
{substrate side) therecf, with the highly thermoconductive
radiation.

In a preferred specific example of the procedure of



structure to radiation; a method of exposing the stamp-pressed resist
layer to radiation by applying radiation from side of the laminate structure;
and a method of using radiation exhibiting a high conductivity to a solid,
such as heat rays, and exposing thegstamp-pressed side of the laminate
structure or the opposite side (substrate side) thereof, with the highly
thermoconductive radiation. In a preferred specific example of the
procedure of 16 irradiating the radiation-curable resist layer with radiation

1 »AQs £1ie theresistlayer..an ultraviglet ray-curabje resin syeh pgd_fgye%k to

resin, an acrylic acid ester resin or a,cyclgallphatlc epoxy resin is used as
SR Y HdiAfoR-Curabie fesi&résin Ard a Stamp Ymadetora gy uIf aviolée
noviaystrarsmitting glasy or tesin seased. [0638[cPreferabhea Si02 materal:y

resQhSIA2-coptainingpaterialds ; used forthe-resistiayerA-Sj02.material of,
SiOZ-containiFr].%( material exhibits a high resistance to d%y-etching using an
a-i: i

TASyer gaS, and tereldre, when neqatus patrer of & Magried

usg@cording pattern is formed on the carbon layer by ion milling, undesirable
blurringzeka negative pattern image can be avoided. In other words, the

carbop ‘Layer can be.subject to dry etching.using an oxygen gas without,

diffiguﬁ)?lf;n \ri)vgltt% hig le%ﬁicr?eaﬁcefé_ﬁcgrthgjé% r%é?elrl?g%% %a"@ltla““ =
usegiodeontaining materdlEhibits & highTeésRirice 46 dry etcHing dsing dn
ma ey gen gas; whenamegative patternof:a magnreticirecorcding pattesxisyen

gadormed.an the- carban layer py dry. etching, a,shag.image of fhe negative,

pattern with sheer side walls in the edges_ of the negative pattern image of
Palthe Carbon Myercin beTorfed. THGS a'sharg Pattern isgive 1o %he 20
blimagneticflaverysnd-a pragrstic reegrd rrgiedicnmibiaving improved frimges,
chharagteristics can he,abtaiped. Thefingecharagteristics, referstoythe oo
wi %Poadii‘cg?{?%'féﬁﬁw'th?12";‘_”0'{@ the reduction in rea O#Tgiput a_s?eval§aé§d

y comparison of the'iftial read o pu‘fa measured ﬁﬁ%%lal%%/ ftef
maSgitheg i9 madeorranrack: With Taé srekal-oatpuit of said tratklas fridasurede
to after-wetingns Madey an oxygen gas, when a negative pattern of a
magnetic recording pattern is formed on the carbon layer by dry
etching, a sharp image of the negative patternwith sheer side walls
in the edges of the negative pattern image of the carbon layer can
be formed. Thus a sharp pattern 1s given to the magnetic laver,
and a magnetic recording medium having improved fringe
characteristics can be obtained. The fringe characteristics
refers to the characteristics of withstanding the reduction in read
output as evaluated by comparison of the initial read cutput as
measured immediately after writing i1s made on a track, with the
read output of said track as measured after writing is made
repeatedly, for example, 1000 times on the adjacent tracks.

[0039]

After the negative pattern of the magnetic recording pattern
is given to the resist layer 4 in step (D) shown in Fig. Z, in the
case when the depressed regiocns 8 cof resist laver 4 remains, the
depressed regions of resist laver are removed and further the
corresponding rejoins of the carbon layer are removed in step (E).
The removal cf the depressed regions of resist layer and the

corresponding regions of carbon layer is effected by dry etching



repeatedly, for example, 1000 times on the adjacent tracks. [0039] After
the negative pattern of the magnetic recording pattern is given to the
resist layer 4 in step (D) shown in Fig. 2, in the case when the depressed
regions 8 of resist layer 4 remains, ttye depressed regions of resist layer
are removed and further the corresponding rejoins of the carbon layer are
removed in step (E) The removal of the depressed regions of resist layer
and the corresponding regions of carbon layer is effected by dry etching

such? a%u%§§{§9&ti¥8r£°@@$%ﬂ§@% Qs reactive jon :milling. [0040] Thereafter,

as illustrated in step (F) in Fig. 3, at least surface layer portions in the
regio%%oc‘%gr}esponding to the negative pattern of a magnetic recording
patterhcarezrEmoved Moie specifically] after ¢he fEmavalfofpoitiors: of thet

sur@yet byyfor examples 'BH%%@B%&%&Q@%@H@L% INdueVelY o+ 1 ve
tcf‘“ouglleg plasma (ICP) aepgra;%? to effect ion etching, at Iegat surface

PEg6tions of the magnetic1ayer imthe Pe"g‘igﬁg%o%%p nding to'the

negafivecpateta of the Hiagrdticrayer srarsmbvedby, fornexainple, lerver

by ,milbag @ﬁﬁp@l@opmagﬁﬁg@%@-mﬁ[ﬁb@yﬁw%&@o%;@ﬁ@amm ofthe

tive pattern with sheer side walls in the edges o negativ ttern

S R EMe G et et L e

surdipsip patterAWithishEarsigasvalls Livihe Bages ¢ hemtre rragmetsiing

to layernanda magaetie recorditige meditm having énproveddringed by, for

exsAparactenstics ean be pbtapned, ;[0041] The method ageording o the. .

=

resent invention préferably” further comprises a step (F) of exposing the
: SF@gﬁBn‘s“iﬁ%eoﬁﬁé)ﬁeﬂSgl%%??fr%ﬁ%ﬁﬁ@h%@%ﬁﬁ@é”Iéﬁréjrep%‘?ﬁ&ﬁsm the
edosorespording t0 te pregative patteenchiavecbesnaemovesl; ttea be formed.
ThiflQHRECORtaINING- GRS HonSUeh.as ks gasienand then-an PYgen.gas .
in |t neirel3 igsogd;_erthb {ngg eaéeaggge ion etcl;in apparatus such as an ICP
Spparatiis Whereby Sald Fe§isns of the Magrietit tay el cEHresponamg e
medhen negative patierhvsitharmagheticaeackding patternare Subjebtolned.
demagnetization or reduction in the amount of magnetization. By

The method according to the present invention preferably
further comprises a step (F) of exposing the regions in the magnetic
layer, from which the surface layer portions corresponding to the
negative pattern have been removed, to a fluorine-containing gas
ion such as CF; gas lon and then an oxygen gas lon in this order
by using a reactive ilon etching apparatus such as an ICP apparatus
whereby saild regions of the magnetic laver corresponding to the
negative pattern of the magnetic recording pattern are subject to
demagnetization or reduction in the amount of magnetization. By
the provision of step (F), fringe characteristics of the magnetic
recording medium are more improved.

[0042]

The above-mentioned removal of the residual carbon layer is
preferably carried out by reactive ion etching using an ICP
apparatus using an oxygen gas. The above-mentioned removal of the
surface layer portions of the magnetic laver is preferably carried
out by dry etching, for example, reactive ion etching using an ICP
apparatus or a reactive lon plasma (RIP) apparatus while argon gas

or Ny gas is introduced therein, or reactive ion milling using an



the provision of step (F) , fringe characteristics of the magnetic recording
medium are more improved. [0042] The above-mentioned removal of the
residual carbon layer is preferably carried out by reactive ion etching
using an ICP apparatus using an oxygen gas. The above-mentioned
removal of the surface layer portions of the magnetic layer is preferably
carried out by dry etching, for example, reactive ion etching using an ICP
apparatus or a reactive ion plasma (RIP) apparatus while argon gas or
inele Ss'Ssﬁ‘é@déjsce%%‘;(e'é‘a%!%aﬁg"ga@(‘ milliog “%%%ﬁ"&%%g”%teg%%n
__Suclr as argon gas or N2 gas. More preterably the ion milling of the
mildafbd layeicisCaried oatBY IEP tRifg-8h Gxiigély ¢as, BRdtHeorr ygen
gasmiling ofttbe surfacel [ayer portions of the amagnetie tayer-isiearsiedroutay
nachiSingargen.gas or N2 gas, (00431, The. non-magpetic regians (depressed
portions) in the magnetic layer for magnetically partitioning the magnetic
recordin 3tr’acks, the servo-signal pattern regions or the magnetic
recofdingrbittsicapse formed by fillingthe depressed portiens in thee
naghagneticsecording laysrfarmed by ign.milling.of the regiopsatthe.
o magnetic E%yekrsco%qeesp%r}:qjjngsto tpglneggtlve attern of the magnetic
- reco?&%g pafterh. y fiﬁlng e a%ﬁresg tffy)%? oS 4With “a Hoh- éjtfc“lc
recyvatenial, the edeféivelforéeanatheresiddalnthagiretieniorsipetheoort ions
in thus-fosmed aoremagnetic regions aresadiicedrandia magnetie.cecordings
ot Pigdiumhaving & high arealrecording densily and exhibiting.a minimizeq,
write blur is obtained. The no -ma;g_nétllc material s preferably formed
TaIRGi-ant SOG HSFIRBRfa8s) of a4 SiOLL SRy RRiSHAA Vieh oPease th
a ninnhaadlirg andusitaplicity, of-:werking rAltesnatively when the:deprassed
magh@fions.in the magpelig, recording layer formed.in step. (kF)-y Jon milling.
of the regions of the magnetic layer corresponding to the negative pattern
AN PHES Fiagnétic FESHrding pafterthale & Ven? smait dépthe e ST asptd
dertell'iy thedange i6f5:t0:¢5anm; thendepressed-redidns may siot benditled The
norWih §-BoR-Magnetic material. Even ihoygh suech depressed soc
{spin-on-glass) of a Si0;-forming material in view of ease in
handiing and simpliicity cf working.

Alternatively when the depressed portions in the magnetic
recording layer formed in step (F) by ion milling of the regions
of the magnetic layer corresponding te the negative pattern of the
magnetic recording pattern have a very small depth, i.e., & depth
*d” in the range of 5 to 15 nm, the depressed regions may not be
filled with & non-magnetic material. Even though such depressed
porticns are not filled with a non=-magnetic material, a magnetic
recording medium exhibiting good floatability of a magnetic head
{1.e., the head is not crushed upon recording/reproducing) can be
cbtained by the uppermost surface of the magnetlic recording medium
is coated directly with a carbon protective film.

[0044]

The magnetic recording medium produced by the method of the
present invention has a2 magnetic layer 300 comprised of magnetic
portions with a width “W” and non-magnetic porticns 400 with a width
"L as iilustrated in Fig. 1, wherein W and 1L are preferably not

larger than 200 nm and not larger than 100 nm, respectively, and



portions are not filled. with a non-magnetic material, a magnetic recording
medium exhibiting good floatability of a magnetic head (i.e., the head is
not crushed upon recording/reproducing) can be obtained by the
uppermost surface of the magnetic {gcording medium is coated directly
with a carbon protective film. [00441 The magnetic recording medium
produced by the method of the present invention has a magnetic layer
300 comprised of magnetic portions with a width "W" and non-magnetic
Rortions 400 with a width . L. as illustrated in.Fig. 1, wherein wand.L are,
preferably not larger than 200 run 'and not argerthan 100 rim? Y
notrekpettiveli@nd> Yo tHus, thetidek pifoR{HE, IFeum oY Wlgs £y is The
smapreferably netlarger than 300-nm; shutew bt high-reeording:depsity.. The
smalt%rgt@%track pitch, the higher the recording density. [0045] The
magneticalfy partitioned magnetic recording pattern in the magnetic

A

reco%ﬁﬁg“ﬁ‘n@a%ﬁﬂc@f%% presertinventBadneiuties twortypes bfpattéfns”
the.eaafirsi typemaghetic pattenmhaving.sa ﬁne‘aee_tcdrﬁtgmal_ijon withr Iludes
twcdepressed portiens,on the uppermost, surface as lustrated. instep G.of

F% 3,and a s,econd#tyé)e attern wherein the magnetic portions 300 with

3 SHIGHHT WAL SAHITonEY By the Safaceht Ao maghetic portinS AR With ™
surg yyidthd ‘asliliistedted inRigek Asa madifitation of tkesedongtypettern
whealiern:na palterarGan hera Q@?ﬁﬁ@?\@%ﬁﬂha@ wapenhpartekeash: i tioned
: agnetic_partion is partitione the adjacent non-magnetic portions

0y B G art 5F SO et borion i ot pABtoneA By © o2

L lyshmaghetic poftions, i2S, alewer part-oPthe aghetcpotionre attern,
a reaniighous:io the adpaeent lowerpartsofibesnagaetic poriens. miisetic
por&%@'%PB&%&%%%%%%%&%&%%%%IPE‘E%EEL&E yld be. construed tobe

(included in the magnetically partitioned magnetic recording pattern as
2 0Red iﬁﬂ@p%&ﬁ?ﬁvéﬁ%ﬁ?{%@ﬁﬁ@%éﬁe%@d poriiens Wi the ©Y
normagnetic recordingdayer ihaving aldepth fmthe @éngi@eomgoeﬂi&nnpmayon
is és&fﬂﬁ@wpkQecﬁ%egd%%a@%w@@%eg@swe@@ Asmentioned.ahoye;

‘Event‘ou%hsuch L. : .
This partially partiticned magnetic recording pattern should be

Thu

construed to be inciuded in the magnetically partitioned magnetic
recording pattern as used in the present invention.

(00467 '

The depressed portions in the magnetic recording layer
having a depth in the range of Z to 15 nmmay be or may not be filled
with a non—-magnetic material as mentioned above. Even though such
depressed portions in the magnetic layer are not filled with a
non-magnetic material, such depressed portions have a thickness
thinner than that in the other non-depressed portions of magnetic
layer, that is, the depressed portiocns exhibit relatively poor
magnetism in contrast to the cother non—depressed portions of
magnetic layex. Thus, the magnetic recording patiern in the
non-depressed portions canbe partitioned by the depressed portions.
The partiticnability of the non-depressed portions from the
depressed portions can be enhanced by adopting a step (F') [the
hereinbefore mentioned means (6)] of exposing the depressed
portions of the magnetic layer, from which the surface lavyer

porticns of the magnetic layer have been removed in step (¥F), to



depressed portions in the magnetic layer are not filled with a
non-magnetic material, such depressed portions have a thickness thinner
than that in the other non-depressed portions of magnetic layer, that is,
the depressed portions exhibit relatiyely poor magnetism in contrast to
the other non-depressed portions of magnetic layer. Thus, the magnetic
recording pattern in the non-depressed portions can be partitioned by the
depressed portions. The partitionability of the non-depressed portions
from the depressed portions.can be enhanced by adopting a step (F") [the
o Ao I EnOE e S5 o et S derdesod PoHiEs
Orche MMARARIC 1aFEE Ticrhavhich tHeesOFaEe Taye P porisHs-of the mdgnetic
derlayesbavedean-removed in step (F), to 20 a fluorine-containing gas ion
and th%k%] oxygen gas ion in this order thereby deteriorating the
magnetic properties in the depressed portions. J0047] By the term ‘
"magdtietic'fecSiting Patteths Cas HEe i thi® Spedification? istAfdhnta this
spamafiheticirecarding-pattermaima broac sense nwhiehtinclude patteragédense
wniBediawherein.a faagneticsecording pattern, are.arranged with a certain,

regularlty per hit; media wherein magnet,lc recording patterns are. ,
AT Cafranged i tracks fashion;ant ‘Sefvoigndl phtteris: THE Meh8d of the
maguresent iIventiomis preferably adoptedr forcthe manufactiure Of sndiscretsnd
sedypednggneticsecading medium in view of simplicity and ease, wherein
the magnetically partitioned magnetic recording patterns involve magnetic .
recottg ke AL sEvo g ual patbre. OOABT AGRHE S0 (5 F
Toremhéving atleast sGrfaéedayer poftions Wwitheagaghetic 1ayerimegiens un
in coreespandingdo themegative: pasternrefithermagpetie seeerding pattern, if
e ire Sh Q f remaving ¢ siq__ |_partions of re 1is layer and :
D B S B AL e U 1o G Do P coing
L réfdpiedsed s portions i the RiFgridtitilayer formed by milling the regions of

the magreétic layer corresponding to the negative pattern of the

After the step (F) of removing at least surface layer portions
of the magnetic layer in regions corresponding to the negative
pattern of the magnetic recording pattern, 1f desired, a step (G)
of removing residual portions of resist layer and residual portions
of carbon layer is carried out. In the case where the depressed
portions in the magnetic laver formed by milling the regions of
the magnetic layer corresponding to the negative pattern of the
magnetic recording patternare filledwith a non-magneticmaterial,
said step {G) can be carried out either before or after the filling
of the depressed portions with a non-magnetic material. The
removal of the residual resist layer and the residual carbon layer
is carried out preferably by dry etching, reactive ion etching or
ion milling.

The thickness of the resist layer is usually gradually
thinned through steps (E) and (F) and, in some cases, the resist
layer disappears at the end of step (F). In this case, the step
(G) of removing residual portions of resist layer is unnecessary.

The thickness of the carbon layer is also gradually thinned
through steps (&) and {f) and thus, the resist layer becomes very

thin at the end of step (F). Inthis case, even though the residual



magnetic recording pattern are filled with a non-magnetic material, said
step (G) can be carried out either before or after the filling of the
depressed portions with a non-magnetic material. The removal of the
residual resist layer and the residuaj carbon layer is carried out preferably
by dry etching, reactive ion etching or ion milling. The thickness of the
resist layer is usually gradually thinned through steps (E) and (F) and, in
some cases, the resist layer disappears at the end of step (F) In this

case, the step (G) of removing residual portions of resist layer is_ »
o o iR o CE BT CAhBER yBF S o SHE Ty e
PrIhrSIGR StepsE) and ¢F) T thasmthe resist layer e comes Verysthvinrion
ovdhesend eb stepi (E). Imthis casesgven thesgh the residual 21 thin carbon
Iayer[i§ -removed in the step (G) , the residual thin protective carbon
layer can become a part of the protective carbon overcoat formed in the
succéBdihgsterdy fob 4T TR HSiste e dtERbBEIIEAL B tHE MethBEBI:
inutheqresent fiovention, after the stepi{&)nthemagneticfayet dspreferabby
exResed A bef gas SUEN as aign aasdn step () @ Ietraied Jb 0.

.3 whereby the depréssed portions of the magnetic layer, which have
N i expbisettoigasés UpohTonEtchiy of bihérmeahs P sfdps (RPaiid -
whi(@), lmreetehed whershyatsudace fayercpoition awith arthicknessief Intes21s

in RMdpeach depressed portionisremaved o The magnetic.characteristies o,
i JE %’l dfgﬁsssesd Jortions.in thel Iﬂ‘mea}_jg?rkljeg;c la erare reduced in contrast tq
the other portions  thereof. The lppermostsurface of te niagneticTayer. -
ThergmanhichCthe aesieimar resisthayer dnd thieresidaalcabonilayer havene
nadiean Jemoved -ard theidepressedportions of whieh havedheen filed.ox
+nd18ve-not been -filled with a non-magnetic material, is usually coated with
a protective carbon overcoat 500 as illustrated in Fig. 1. The overcoat 9
can Hefolred oM aTalea eonveRtBHENG “tSedTor the geerdrich the
regveredats; swhichlinghkidesn for-example dcarbenaceous materialsvsucizas
rere¥Ran (&), hydrogepated.carbon. ; oo of which have been filled or
have not been filled with a non-magneticmaterial, isusually coated
with & protective carbon overcoat 500 as illustrated in Fig. 1.

The overcoat 9 can be formed from a material conventionally
used for the general overcoats, which includes, for example,
carbeonaceous materials such as carpon (L), hydrogenated carbon
(HyC), nitrided carbon (CN), amorphous carbon and silicon carbide
(51C); and other conventionally used materials such as Si0,, Zr:0s
and TiN. Two or mors overcoats may be formed.

[C050]

The thickness of the overcoat 500 is below 10 nm. If the
thickness of the protective overcoat 1s 10 nmor larger, the distance
between the head and the magnetic layer becomes undesirably large
and the input and output powers are often insufficient.

The formation of the overcoat 1s usually carried out by a
sputter methed or a CVD method.

[0051]

A lubricating layer is preferably formed on the overcoat.
The lubricating layer is formed from, for exampie, a fluorine-

containing lubricant, a hydrocarbon lubricant or a mixture thereof,



(H;;C), nitrided carbon (CN), amorphous carbon and silicon carbide (SiC);
and other conventionally used materials such as Si02, Zr203 and TiN.
Two or more overcoats may be formed. ‘00501 The thickness of the
overcoat 500 is below 10 rim. If the,thickness of the protective overcoat is
10 not or larger, the distance between the head and the magnetic layer
becomes undesirably large and the input and output powers are often
insufficient. The formation of the overcoat is usually carried out by a

sputter method.or a CVD method. [0051] A lubricating layer is preferably
T KGR GBS Eod P Th G ot iy P e it T EREE
1 taféorine containing lubricant, a hydrocarbon lubricant or a mixture

theregfp22) The thickness of the lubricating layer is usually in the range of

1to4dnm, JDOOQZ The constitution of an example of the magnetic .
e COnSTITUTION Of a? examgﬁf QT % e ma%neg C r%cardlng—
recor&ng- reproducing apparatus accordingto thé present invention is

reqngetaietlirt i 28 tHfe AiagHetc fecotdii: réproBiticing apparatis éfthe
11lpresent davention gomprises,dncambinations the cabove-gentiongthe
apdRagnelic recording medium 30 af the present Joyention, g duiving.part 11,

for driving the magnetic recording medium in the recording direction; a
DGRt Ead 27 CBIRprSishitf A Fectt TG p Rt atttl SfreplGdadiRgHr;
invikead-chiviaggart-28Fopamoving the nmagneticchead 2:mma rélativecmotiong

med0he; magnetic tecordingymedium 30; and.a recording-and-reproducing
ignal treating means 29 forin uttlng signal into the magnetic head 27
S

@ "% G0r PEpHEdchioi 6t Satpty Simal Hréi the Hisghetic fedd 27 The® o~
movhagnetie recording-résmdutingapparatas comprigingithec cohsbinatioatofc
redbeAboyveraentioned means casprovide;adigh acerding: densityyMore
tresa%efﬂg.c%'é’aedé‘ 25 260 ”j?%%@ﬁ%%‘”&#ﬂ%ﬂ'“@toé t@ﬁe”}%‘%g‘%iic head 27

recoraing-reproducing apparatus, he agnetic recordlng racks are
an%%@ﬁﬁi%@ﬂ?@%ﬁé?@, QﬁdQHEW%ré?QHélreéé@ain%@éWﬁmﬁm 27,

repraducing;headavidibccan be-reproducing apparatus comprising the
combinaticon of the above-mentioned means can provide a high
recording density. More specificzlly, in the magnetic recording
medium of the magnetic recording-reproducing apparatus, the
magnetic recording tracks aremagnetically discrete, and therefore,
the recording head width and the reproducing head width can be
approximately the same size as each othery with the result of
sufficiently high reproducing cutput power and SNR. This is in
a striking contrast To the conventional magnetic recording medium
wherein the reproducing head width must be smallier tThan the
recording head width tominimize the influence of the magnetization
transition regions in the track edges.

[0053]

By constituting the reproducing part of the magnetic head
a3 GMR head or TMR head, a sufficiently high signal intensity can
be chtained even at a high reccrding density, that is, the magnetic
recording apparatus having a high recording density can be provided.

When the head is floated at a floating height in the range
of 0.005 um tc 0.020um, which is lower than the conventicnally
adopted flcating height, the cutput power 1s increased and the SNR

becomes larges, and thus the megnetic recording apparatus can have



approximately the same size as each other with the resul-_ of sufficiently
high reproducing output power and SNR. This is in a striking contrast to
the conventional magnetic recording medium wherein the reproducing
head width must be smaller than thg, recording head width to minim=ize
the influence of the magnetization transition regions in the track edges.
[0053" By constituting the reproducing part of the magnetic head as GMR
head or TMR head, a sufficiently high signal intensity can be obtained
even at a high E?cprgxi‘n dgniigy,éb tlts the magnetic recording
& “Hpparatué having a high retording density can be provided. When the
head is floatcdat & fleatingheightinithe: fange 20 BI005 05 050R0GML te
algwhichhis lowerdhanthe conventionally-adepied-leating height.the output
power is increased and the SNR becomes large, and thus the magneti
e R S T haTs s langs Do ek o Fich seh oy fEas LY
RiggigRARtreafingSifttitasiig £3am-prédudiscsmpositer afgdrtnRistion is
caredmbined inthe magaetiseecordingimedium; the decarding-densiy camch,
or Bemuch.more ephanced. and.a syfficiently, high SNR can.be abtaingd

even when recordation-reproduction is carried out at a track density of
& D3G06 Kk Sinisieherineh, 2or aTitarfecdraimg density ot 1660 %bi ~¢

inagr.more per inch, or a high recording density of at least 100 G-bit or more
per square inch. Examples [Og%ﬁhiggnvention will now be specifically
desc;iggd y the following examples. Examples 1-6 A glass substrate for
HE was %ﬁ ced in a vacuum chamber and the chamber was vacuumed to
a pregstrésfastifghei than e Re10rRa 16 yemdve tirsakiPhe dgiasshe

folSuhstratediseg was, comprised of glass ceramics having a composition of
Li2Si205 AIZOB;K%O, A1203-K20, MgO-P203 and Sb203-ZuO, and has

rRamples T i- . .

ano f 65 mm and an inner diameter of 20 mm, and an
aver§g%%ﬁﬁ%a§é@é§§ﬁﬁ@s§or HD was placed in a vacuum champer and

the chamber was vacuumed to a pressure of not higher than 1.0 x
107° Pa to remove the air. The glass substrate used was comprised
of glass ceramics having a compogition of Li;Si,0s, AlC:~Kx0,
B1.05-K:0, MgO-P;0s and Sh0s~Zul, and has an outer diameter of &5
mm and an inner diameter of 20 mm, and an average surface roughness
(Ra) of 2 angstroms. '

[0055]

On the glass substrate, a soft magnetic underlayer composed
of Fe~Co~B, an intermediate layer composed of Ru and a magnetic
layver composed of 70Co-5Cr-15Pt~10810, alleoy (the numerals
immediately before the elements indicate percents by mole of the
elements) were formed in this order by DC sputtering. A carbon
iaver was formed on the magnetic layer by a P-CVD method.

The respective lavers had the foliowing thicknesses., FeCoB
soft magnetic underlayer: 60 nm, Ru intermediate laver: 10 nm, and
magnetic layer: 15 nm. The carbon layer had a thickness of 40 nm
in Example 1, 30 nm in Example 2, 20 nm in Example 3, 15 nm in Example
4, 10 nm in Example 5 and 5 nm in Example ©.

[0056]

Then & 510, resist laver with a thickness of 100 nm was formed

onn the carbon layer by spin~coating.



(Ma) of 2 angstroms. [0055] On the glass substrate, a soft magnetic
underlayer composed of Fe-Co-B, an intermediate layer composed of Ru
and amagnetic layer composed of 70Co-5Cr-I5Pt-10SiO2 alloy (the
numerals immediately before the elements indicate percents by mole of
the elements) were formed in this order by DC sputtering. A carbon ayes
was formed on the magnetic layer by a P-CVD method. The respective
layers had the following thicknesses. FeCoB soft magnetic underlayer: 60
nm, Ru intermediate Ia)éer: 10 nm, and magnetic layer: 15 nm. The

carboriayer g aHthicknadstof 48 Hm  iEXanmpie 1 SHRC A EREnHId 22
de =20 pdt i Examipler3 B abnin Bxample 4ad0pradnsExample Stand-53imt
1ayiBExample.6.40056]-Thena Si02Jesistdayerwith-athickness of 200,nMy.e
stWas.formed. on.fhe.carbon layer.by spin-coatina, 24, Aglass stamp .. .

aving a negative pattern corresponding tothe desired magnetic
ma e brdingFatteri Waspressed Bht6 the esist HayaFar a pressurawsi1
traMPee(ahaut:& grkgflom:: dhereatiepthe stampwas separajeddranitheuch
cndEsiilayeL hereby.rapsfering a, Q_%a%c%% recording pattem op,the esist,
layer. The thus- transferred magnetic recording pattern had a _ )
oF CortigtitatiBhsudh thab e levations ihtheresistiayéi afe Bifeufat it ar
wibmidthvigftl?0 i) and therdepressions indhecresisttayerrare cicedlat Wither
wa2Wdih of.60-pm-cThe thickness of the patlerned resist layer.was, 80.6M o

. _.and the thickness of the depressed portions of the resist layer was about
Lo o1 e e pradbl porions HA A ARGTE O Abolie DO Ha5HEES 1 thESH ™
90 sigistrate suvfades [0057 L rEhereaftef 2. depressed portions of the resist
layer; ang the corresponding portions of the carbon layer were removed
oy, o T £y g sondtons e SoMIA e SR
Lhe AR POWEr:- BOC W, D bias: 309Ccareretchingtink: 80 seegads>y dry
etcHiena suracedayer portionceferch ofithe correspanding-Rotionsn layer
were as follows. O;gas: 40 sccom, pressure: 0.3 Pa, high-freguency
plasma power: 300 W, DC bias: 30 W, and etching time: 30 seconds.
Then a surface layer portion of each of the corresponding portions
of the magnetic layer was removed by ion etching. The ion etching
conditions for etching the surface layer portion of magnetic layer
were: Ny gas: 10 scom, pressure: 0.1 Pa, acceleration voltage: 300
V, and etching time: 30 seconds. The depresssd regions, formed
by ion etching, of the magnetic layer had a depth of about 10 nm.

[0058]

Then residusl portions of the resist layer and residual
portions of the carbon layer, which remained on the surface of the
laminate structure, were removed by dry etching. Thersafter the
exposed surface of the magnetic layer was subjected to lonmilling
to remove & surface layer having a thickness of about 1 nm to about
Znm. The lonmilliing conditions were as follows. Ar gas: 10 scam,
pressure: 0.5 Pa, and time: 5 seconds. Thereafter a protective
carbon overcoat with a thickness of 5 nm was formed by a CVD method,
and finally the laminate structure was coated with a
fluorine-containing lubricant to form a lubricating film with a

—~

thickness of Z nm. Thus, the manufacture of a magnetic recording



of the magnetic layer was removed by ion etching. The ion etching
conditions for etching the surface layer portion of magnetic layer were: N2
gas: 10 sccm, pressure: 0.1 Pa, acceleration voltage: 300 V, and etching
time: 30 seconds. The depressed regions, formed by ion etching, of the
magnetic layer had a depth of about 10 nm. [0058] Then residua- portions
of the resist layer and residual portions of the carbon layer, which
remained on the surface of the laminate structure, were removed by dry

Cjtetc:hinvg;. Thereafter the exposed surface of the magnetic layer was
e slu%ﬁlectaé% fo TBR it g to remove a surface laver having a thickness of

about 4%a]to about 2 not. The ion milling conditions were as follows. Ar
gas: tRscermopressures0.5 Rarand ime: S-secands Thereaftera tre
ragiective. carbon overcoat wit a thickness of & hmwas fomed by a,
"_”melfﬁoa, and finally the faminate striicture was coated witha ~ -7
A iorire:contsififig-briest teF6rm d Brcari filth Dagraveiicknessiof o
thenrmavThust the: manufactiuee of axtmageetic recording 25, MedikAWAS st ics

Wef@@e@éﬁmiw&é%ymga%@ﬂ@y%qn%tléﬁjggﬂvgféi%%&%&éﬁggriasﬁ%%&%ﬂeof

_ magnetic recording medium wére evaluated by using a spirr stan
73%&38&u-re36+%iﬁ“§%%@5ﬁ% TORIR Fadihg éatWere Jsét forl the
evaludtiort) The electromagnetic conversion characteristics were
determined:Ry measuring 3T-squash at recording a signal of 750 kFCI.
The mieasurement results are shown in Table 1, [0060] Example 7 By the
samé Procediites &3 Yesenbed HPEEMple t “amagietic Tecordifiganetic
reqpedivim was prsducedwierelt afterrtherforafation ofithéodepreéssedt the
degegionswith,adepth of abeub i amdndhe magnetic layer.utbeforethe
Lo em \galebxggyreggh@gr o}f3 the re3|d~ua}l1 Pr(l)rtlggst?fe r%sg:st | \{yﬁ%r and the

a ] 15 of
residual portions o carlboﬁf Iafl:é/r,%h% exp%sed SUrface o %6?1%3 ic> °*

e

refagér wWaSSubjected thoeipbsUré reakmeRtO Wit CF4 davat a flow fatecsd
sudfhsecnrandeanpressute of £,5 Pasforshiseconds, and:-suecessivehetorment
wi@¥99§9%%%eggn§n%§@@(yéggsof 10 sccm and a pressure of 0.5 Ps
for 5 seconds, and successively to exposure treatment with O, gas
at a flow rate of 10 scom and a pressure of 0.5 Pa for 5 seconds.
All other conditions remained the same. The results of 3T-squash
measurement are shown in Table 1.

[00el]

Example B8

By the same procedures as described in Example 1, a magnetic
recording medium was produced wherein the thicknasss of the carbon
layer was changed to 3 nm, the thickness of the patterned resist
layer was changed to 35 nm, and the thickness of the depressed
regions of the patterned resist laver was changed to about 3 rm.
When surface layer portions of the magnetic layer were removed by
lon etching to form depressed regions having a depth of about 10
nm in the magnetic layer, the residual portions of the resist layer
were removed, and the residual portions of the carbon laver became
into a thickness of about 1 nm. Therefore, the procedure of
removing the residual portions of resist layer and the residual
porticns of carbon layer was not carried out, although said

procedure was carried out in Example 1. Then the surface of the



at a flow rate of 10 sccm and a pressure of 0.5 Pa for 5 seconds. All other
conditions remained the same. The results of 3T-squash measurement
are shown in Table 1. [0061] Example 8 By the same procedures as
described in Example 1, a magneticzfirecording medium was produced
wherein the thickness of the carbon layer was changed to 3 nm, the
thickness of the patterned resist layer was changed to 35 nm, and the
thickness of the depressed regions of the patterned resist layer was
chqngegrto about 3 nm. When surface layer portions of the magnetic
maqRer werdYemded BY° G Etching toTorm depredsed regibig havitg a2ce
Laydepthaofidlbout E0cnitiertheamagpietictayer, thelvesiduat portons of the:
thiresistdayst were removedeandtheesidualportions of the carbondayer s

became_into a thickness o]flaboutl nm, Therefore, the pr %edure of
remaline SI%SL.&I’L_ E:‘H]_._ F 2 =2 e, . 11 e res& o of. T3 u%sn
removing thé residua p%r ions of résist layer andthe residual Sor ions of

nesEatheHIaye pWasshctEarkied alit although said procedure was carried out
in Examyple]1. Then the surface of the 26 magnetic layer was subjected to

ion n@g}gggatpaug{ggyggaﬁggg% layer portion, and then, a protective

carbomo ss of 4 nm was formed by a CVD method.

All offier-enaitihs rerdineef stibstanfaly e Sahsethecrdsuftsigrnetic
rec@ﬁ@ﬂu@sﬂr\emeasur@m@nodmekﬂowhdéﬁable_m [Q@ﬁB]Jerrama@ratim not
£odmampler] By theisame pracedyres as described in.Example ], 2e sare.

_ magnetic recor in_g medium was Wproduced wherein the carbon layer was
156, 3 Fotned With Al OthHér CoRaRions Termainig sibStahtibfly tRE Sante.
The reguftslof 3T-squash measurement are shown in Table 1. [00631
Table 1 Thickness of 3T- Example Na. carbon layer squasch (nm) (%)
Example 1 40 85 o

Thickness of 37—

Exampie No. | carbon layer sqguasch
(hm) (%)
Example 1 40 85
Example 2 30 86
Example 3 20 84
Exampte 4 15 86
Example 5 10 85
Example 6 5 82
Example 7 40 90
Example 8 5 83
Com. Ex. 1 0 60

Industrial Applicability

[0064]

The magnetic recording medium produced by the method of the
present invention whereiln a magnetic layer is formed on a
non-magnetic substrate and then a magnetic recording pattern is
formed on the magnetic layer, 1s characterized in that good and
stable head-flecatability is ensured, and the magnetic recording
pattern is partitioned by the regicns exhibiting excellent
partiticnabllity and the signal interferes occurring between the

adjacent partitioned regions in the pattern are suppressed, and



Example 2 30 86 Example 3 20 84 Example 4 15 86 Example 5 10 85
Example 6 582 Example 7 40 90 Example 8 583 Com. Ex. 1 0 60
Industrial Applicability [0064] The magnetic recording medium produced
by the method of the present invention wherein a magnetic layer is
formed on a non-magnetic substrate and then a magnetic recording
pattern is formed on the magnetic layer, is characterized in that good and
stable head-floatability is ensured, and the magnetic recording pattern is
-..partitioned by the regions exhibiting excellent, partitionability and the
‘“hagig%a#% eg'rfze)ééjso %Cciéuﬁir%ega%v% er?atﬁe%gdjaa%kelﬁ%%?titioned regions in the
pattericafe Suphres5BECAAE R HRAr achigh e coveiRaEAsTty BaA pEesent
invachieved. I heumagaeticirecordingireproducing apparaius: of ihepresent ng
invention 4 ip ' ve: ione Tl ding. - .
o i s Tho ARPATEILA Sxhb e o6 head Moamniy. ud 1
AN in SRS RECOrainG patterh fs rarifidhed iR ExcEERE hartitionabiliy ot
parthetdignabinterferesdccusringdpetiveern the cadjacent partitionéd regons-he
adjAe:SUPRIESsed; andthus, the apparatushas high recarding density,

characteristics. |n view of the above-mentioned beneficial characteristics,
APHAEMAGNETIE recBrding TRBdIG prodticed By the fethod of the present

invertioriswsefutas aldiseratetypentaghetic fecoringhmedium rhavings .
thearBggaeticallypartitioneck racrding Patterheomprising Jnagnete presant
;igeording tracks and a servo, signal pattern. The method of producing the
- mégne‘tlc““recoraf“ng“‘medium IS Simple and easﬁ%LﬁAW “Kmethod "
ha"f@ﬁ‘ﬁ)réd@éi%eé%ﬁéﬁé‘ti@?@é@r@%@%dﬁ@ﬁ?ﬁg\m@ pattern comprising

magnetic recording tracks and a servo signal pattern. The method

of producing the magnetic recording medium is simple and easy.



a magnetically partitioned magnetic recording pattern on at least one
surface of a nonmagnetic substrate, characterized by comprising the
following steps (A) through (F) carried out in this order: (A) a step of
forming a magnetic layer on a non-gagnetic substrate, (B) a step of
forming a carbon layer on the magnetic layer, (C) a step of forming a
resist layer on the carbon layer, (D) a step of forming a negative pattern
of the magnetic recording pattern on the resist layer, (E) a step of
removing portions of the rest lay. portions of the carbon layer in
regions corresponding to the ne§a Ive pattern of the magnetic recording
pattern, and then, (F) a step of removing at least a surface laver portion of
the magretie tayer iveachregioncorespending ta-the negatie patering

a m%ﬁéecﬁ?;%ﬁi'l?i%é%%‘i@igﬁgét&%&&J@%Qﬁ%ﬁﬁ%ﬁégﬁw%ﬁ t least

magnetic recording medium according to rein the carbon
ongyerformed B tHe Aratnetic Sidyer 1A step By s 5 thickn e85 R the - S+nd
theraingelofSmm 20 Anri 3. fiheomethod for pradueinguet magnetics order:

recording.mediyym Q%C%rfm_gl%o claigy 1 oriZ, wherein &E")ét%ﬁuﬂél%ﬁetic
,Iayer ortion of the magnetic layer in each region corresponding to the

Swﬁé&&t' € pattern of the magnetic recording pattern is removed in step (F).

4. Thémetlvod:rfor produming eenvagriestic recerding raedioegaetbrdingtor,
claimy3; whereipther sarfacerayer postien of the -magnetic layerte beyyer,
remoyed hasta ‘thickn Dsﬂinr; ?t%e gargl%e aQ.ff.Z nm o 15 nr%fs. The method,

L a step of C1ve paltbern the magnetic
for producing a %agne IC recording medium a%coroelng to'any one

recilamhed R4 SWheréin thesehtsvd of 'suig at least the surface layer
portior oktbedpaghetadaverdmsten. dfs iscarded-cut by a reactivesion ons

o Bulling or 4 reactiye: ion Qﬁ@c@r@&p@?&'}ﬁ%ﬁ% EhoedH%%&g@e‘%”@é@m
recording medium according to any one of claims 3 to 5, which further

of doiRpfieEE=2e C(FFaSteEp of &osiitg eatiTebitiiiof the magnetic layer,
which has: beesrexgosethbyithe embvakof thesurface layee pastionion of

the magnetic layer in each region corresponding to the negative

pattern of the magnetic recording pattern.

Z. The method for producing a magnetic recording medium
according toclaiml, wherein the carbon layer formed on the magnetic
layer in step (B) has a thickness in the range of 5 nm to 40 nm.

3. The method for producing & magnetic recording medium
according to claim 1 or 2, wherein only the surface laver portion
of the magnetic layer in each reglon corresponding to the negative
pattern of the magnetic recording pattern is removed in step (F).

4. The method for producing a magnetic recording medium
according to claim 3, wherein the surface layer portion of the
magnetic layer to be removed has a thickness in the range of Z nm
o 15 nm.

5. The method for producing a magnetic recording medium
according te any cne of claims 1 to 4, wherein the removal of said

~

at least the surface laver porticn of the magnetic layer in step
(F) is carried cut by a reactive lon milling or a reactive ion
etching.

&. The method for producing a magnetic recording medium

according to any one of claims 2 to 5, which further comprises:



of the magnetic layer in step (F), to a fluorine-containing gas ion and then
an oxygen gas ion in this order. 7. The method for producing a magnetic
recording medium according to any one of claims 1 to 6, wherein the
formation of the negative pattern obthe magnetic recording pattern on the
resist laver in step (D) is carried out by transfer printing using a stamp. 8.
The method for producing a magnetic recording medium according to any
one of claims 1 to 7, which further comprises: (G) a step of removing

residyal P%rt@PéEOfotheeE% §Eﬁé{eé££{j £%§;'98F}' Ber %%Srﬁiéﬁéncfébﬁ?gyey

layer after step (F) and, It any, Step he method for producing a
wh lﬁ%é’r?én@?@@o%ﬂ@%@d?éf n h&ccéﬂzﬂﬁﬁjtooé antes SWhetem #‘?é’ Fesistfayst”
of istfermmghfronrtal $i@2 matesiabor &-5i02-coataihingrmateralinaste pr(€C)ias

mr«a%%heh@%ab@g@@ﬂs 5th?_d%§‘r99nt|§¥§r areygemoved by dry etching
usm% 02 gas in step% géi method for producnga magnetic
recording thediam cb?dﬂn@%% it 9, WhicH tarther comprises’ ﬂﬁ%l =
acostepiofy afterstep ¢G), etching thie shrmémyebeg@ﬂmnt@ﬁtw%om@wam of
;helWa%ﬂ@iﬂgmmeﬁﬁaﬁekbg%@ﬁ.@@ﬂﬁ@deﬁ%@ﬁﬁ%@ﬂﬂ@ﬁi@%e resist
Lay Apparatus ch(?Lacl:tSe%gg:lb com%lblsmg mblﬂ%t% nhth%Srg%r%netlgam

- recd‘rdlng medium produce by the ﬁoa as claimed in any oneof - F-

claints 1 102078 diving ParPrP ARG the THAGHRSHE réCsieiig raelRibIR
acdbedecording:divectien;ca magnetic head comprising durecardingpartiand :

2 repreducing.par means for mouing the magnetie, headn aselatlve aye.

motion to the magnetlc record=ing medium; and a

AN ST AR AnaSeptBltcig Siunat tretihg EanSforSnpitiry ‘Sonalt 1

anythesnagnétit head and for reproducing output signal from the magnetic

heads The metnod for preducing a magnetic recording medium
accerding to claim 8, wherein the resist layer is formed from a
810, material or a 8i0,~containing material in step (C), and the
residual portions of the carbon laver are removed by dry etching
using Cp, gas in step (G).

10. The method for preoducing a magnetic recording medium
according tc claim 9, which further comprises:

(H) a step of, after step (G), etching the surface layer
portion of the magnetic layer by using an inert gas.

11. A magnetic recording reproducing apparatus
characterized by comprising, in combination, the magnetic
recording medium produced by the method as claimed in any one of
claims 1 to 10; a driving part for driving the magnetic recording
medium in the recording direction; a magnetic head comprising a
recording part and a reproducing part; means for moving the magnetic
head in a relative motion to the magnetic recording medium; and
a recording-and-reproducing signal treating means for inputting
signal to the magnetic head and for reproducing cutput signal from
The magnetic head.



