DESCRIPTION Method for Producing Magnetic Recording Medium and Magnetic
.Recording/Reproducing Apparatus Technical Field [0001] This inventrelates 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
[0002] in recent years, magnetic recording apparatuses such as a magnetic disk apparatus, a
flexible disk apparatus and a magnetic tape apparatus are widely used with their importance being
increasing. Recording density of a magnetic recording medium used in the magnetic recording
apparatus is greatly enhanced. Especially, since the development of MR head and PRML technique,
the areal recording density is more and mot&iicreasiy. Recently GMR head and TMR head have
been developed, and the rate of increase in the areal recording density is about 100% per year. There
s st increasing 2 desaand farfustber enhansiaghesrecordiagh dansityaad dhelefae, 2 magnetc
layer having%hgg%%cgﬁrciygéoLQ%Qaag@Qi& er signal-to-noise ratio (SNR) and a high resolution are
eagerly desifed. n a?fé“mp?“éflrrcreté”éfng the track density together with an increase of a liner
recording density to enhance an areal recording density is also being made. [0003] Ina recent
magnetic recording apparatus, the track density dws ached about 110 kTPI. However, with an
increase of the track ggpsity, magnetic recording information is liable to ir erferring with each other

between adjacent tracks, and ma netization transition regions in the boundary regions thereof as a
noise source hig inventIon relates CO & process Ior producing @ maghetic

recording medium used for a magnetic recording/reproducing
apparatus such as a harc disk apparatus. It further relates to

the magnetic recording/reproducing apparatus.
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in recent vears, magnetic recording apparatuses such as a

magnetic disk apparatus, a fiexible disk apparatus and a magnetic

cF

ape apparatus are widely used with thelr importance besing

I,..!,

nereasing. Recording density of a magnetic recording medium used
in the magnetic recording apparatus is greatly snhanced.
Especizlly, since the develcpment of MR head and PRML technicue,
the areal recording density is more and mere increasing. Recently
GMR head and TMR head have been developed, and the rate of increass
in the areal recording density is about 100% per vear. There is
still increasing a demand for further enhancing the recording
density, and there'fore, a magnetic layer having z higher coercive
force, and a higher signal-to-nolise ratic (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 is also being made. '

[0GG3]

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 between adiascent tracks, and magnetization

transition regions in the boundary regions theresof as z nolse source



2 tend to impair the SNR. These problems result in lowering in bit error rate and impede the
enhancement of the recording density. [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 size, 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 tracks, a high-precision track servo system technology is required for

the magnetiertecesding-apparatisiand arneperation is-genesally adoptedyharein recerding is carried

out widely put the ESp%o%%giqréqgse%%rritqgeo%g%gg y.so that the influence of the adjacent tracks is
minimized. This operation Is advantageousin that the influence of the"adjace ttracks can be

minimized, but it is[gi%%@/antageous in that the reproduction output is rather low. This also leads to
difficulty in enhancement.afithe SINR decedesired highdevenf0006] i+ To reduce-the beat fluctuation,

maintain the.lgsired, SNR eqd abialn the desireddeniadyction.oulput.a proppsalibas hgen made

wherein elevations and depressions are formed, which extend along the tracks on a surface of a
magnetic rétordingGnetiti=5d AL ERch ST PHHBIREY TrdckSTor T Bl Ritions ’sartitioned by the
depressionswhedéby the trackidensity is enhangedeThisstypelof magnetic recpedingrmedia is
hereinafterreferred ta-as .a.disarefe drack: media<and the techniguedor providing thig type of magnetic

recording media |segere|nafter rqferre%go asa dlscret% track method. [00Q7 A knowltn example of

11 : e B ]
the discretd Track me |%%? i§ JE::lemLaLeg‘ylr?et|c re%gra&fﬁgamed?ﬁmtai&?ggee& i, 5 %?(alf‘ﬁﬁf%% ?)% ent document

1, which isdhagehy prévidingta FHoniAtdgiietic substrate having 3 elevations and depressions formed
on the surface thergafpand the magnetic layer corresponding surface configuration is formed on the

“gt”tgpnasgnetic substrate, 10 give, physically discrete magnefic recqrding fracks and servp signal
P ' adjacent tracks, a high-precision track servo system technology

1s required for the magnetic recording apparatus, and an operation

is generally adopted wherein recording is carried out widely but

the reproduction is carried out narrowly so that the influence of

the adjacent tracks is minimized. This operation is advantageous

in that the influence c¢f the adjacent tracks can be minimized, but

it is disadvantageocus in that the reproduction output is rather

low., This alsco leads to difficulty in enhancement of tha SNR to

a desired high level.

[CC086]

To reduce the heat fluctuation, maintain the desired SNR and
cbtain the desired reproduction cutput, a 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 slevations is partitioned by the
depressions whereby the track density is enhanced. This type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technicgue for providing this type of magnetic
recording media is hereinafter referred to as a discrete track
metrhod.

[0C0T]

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

which 1g made by providing & non-magnetic substrate having



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 pattered regions form magneti¢ recording regions on the elevations physically
partitioned from the surrounding regions. [0008] In the above-mentioned magnetic recording
medium, the occurrence of ferromagnetic domain wall in the soft magnetic underlayer can be
prevented or minimized and therefore the influence due to the heat fluctuation is reduced and the

interfere between the adjacentsignads isminivized with the sesult of pravision of-a,magnetic recording

medium having a large_SNR. The discrete track method includes two type_.of methaods: a first type
is drawn t?ﬂ gﬁgat%lo% \% ee?:léiﬁncﬁggﬁss ?g,%éprﬁeéua%ear%ﬁe%%?n%%%ﬁa% q rr}‘nlﬂglafyoerrﬂﬂtr(ﬁég(?nrétic recording
medium compridiiy SevBfdl 1anfinaed filfs; &Rd% S8cohds typeé iy dHaGF®-a methisd Wherein
patterns having:elevatians and depressions are;formed direetly on a substrate or formed on a film

layer for forming tragks thereon, and, g}géharﬁg%iéa%ecr @@Q@?H%EC%@@ %giémgis formed using the

patterned substrate or the attern#edafilﬁgn layer (see, for example, patent document 2 and patent
document 37 7FRE fiF&t e mENIGd 75 HREATHIEEH nadretic|lalers résim g b eimethdd, and the
second typegrethod isoften.calted as arhembossirg el method £ 8009 haviAmother discrete track
method hasibeen proposed inpatentdagument4. dnthe-proposed method, a previoysly, formed

magnetic layer is, for exanggle, subjected to_an irgtlﬁlantationéﬁ;c nitrogen ijon or oxy%en ion or irradiated

with laser Wheteby redions Paftitioning magnetic kS i & disetete tradmi&tilim-afe formed. 4
Further, a hfethod ofhroducing @ htagmstic fecordingimediumesas Been proposed cwhicks comprises a

step of sukjeeting aomagneticilayer (o padenmilling using a:carben-Mask{seg patgntdecument 5).
[00101 Patent docnflgb%ﬂétTPatent document Patent document Patent document Patent document 1 JP

2004-164692 Al
In the above-menticned magnetic recording medium, the

occurrence of ferromagnetic domain wall in the soft magnetic
underlayer can be prevented or minimized and therefore the
influence due to the heat fluctuation is reduced and the interfere
betwesan the adjacent signals is minimized with the result of
provision of a magnetic recording medium having a large SNR.

The discrete track method includes two type of methods: a
first type is drawn to & method wherein tracks are formed after
the formation of amultilayer magnetic recording medium comprising
several laminated f£ilme; and a second type is drawn to a method
wherein patterns having elevations and depressions are formed
directiy on a substrate or formed on a film layer for forming tracks
thereon, and then a multilayver magnetic recording medium is formed
using the patterned substrate or the patterned film layer (see,
for example, patent document 2 and patent document 3). The first
type method 1s often called a magnetic layers-treating typs method,
and the second type method is often callied as an embossing type
method.

[C009]

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

partitioning magnetic tracks in a discrete track medium are formed.



2 JP 2004-178793 Al 3 JP 2004-178794 Al 4 JP H5-205257 Al 5 JP 2006-31849 Al Disclosure of the
Invention Problems to Be Solved by the Invention [0011] In view or the heretofore proposed
magnetic recording mediums which are still faced with a technical problem for further increasing a
recording density, a primary object of the present ifivention is to provide a method of producing an
improved magnetic recording medium, which exhibits a greatly enhanced recording density while
recording/reproducing characteristics equal to or better than those of the heretofore proposed
Magnetic recording mediums are maintained. The produced magnetic recording medium is
characterized in that:a:gosrcive fereecand residual magnetizationn Fegions-pastitioning, magnetic
recording l|oﬁaat£e]!'>rg3 ngver%egg rginig}jg% t«(:)o?ﬁ sgtjg%/éng eétentb;herefore, write blur u%og magnetic
recording Cah b6 avoided and &n greatly improved areal Tecording density caf BE dbtained.
Another objézEst the presert Ivehtibe is16Tprovide amaghetit reesrdipgheprodacifteapparatus
which is equipped with the above-mentioned magnetic recording medium, and thus, the apparatus
exhibits good head-flgatability, and the magnetic recording pattern is partitioned with excellent
partitionability and the signal interferes occurring between the adjacent partitioned regions are
suppressed. Thus ﬁ?é%gﬁ&%%dﬁﬁg/?@p%%%ﬁﬁé%%%r&hs has high recording density
characteristics, anttis eseful @ssastiscretedype dgneic oS recording/reproducing apparatus.

Patent document 3 JP 2004-178794 &l
Patent document 4 JP H5-205257 41

Patent document b5 JP 2006-3184¢ Al

Disclosure of the Invention
Problems to Be Solved by the Invention
[00117

In view of the heretofore proposed magnetic recording

mediums which are still faced with a technical problem for further
increasing a recording density, a primery object of the present
invention is to provide a method of producing an improved magnetic
recording medium, which exhibits a greatly enhanced recording
density while recording/reproducing characteristics equal to or
better than those of the heretofore proposed magnetic recording
mediums are maintained. The produced magnetic recording medium
i3 characterized in that a ccercive force and residual
magnetization in regions partitioning magnetic recording pattern
have been minimized to a satisfyving extent, therefore, write blur
upon magnetic recording can be avoided and an greatly improved areal
recording density can be obtainsd.

Another cbject of the present invention is to provide a
magnetic recording/reproducing apparatus which is eguipped with
the above-mentioned magnetic recording medium, and thus, the
apparatus exhibits good head-floatability, and the magnetic
recording pattern 1s partitioned with excellent partitionability
and the signal interferes occurring between the adjacent
partitioned regions are suppresssd. Thus the magnetic
recording/reproducing apparatus has high recording density.

characteristics, and is useful as a discrete type magnetic



In view of the above-mentioned beneficial characteristics, the magnetic recording medium produced by
the method of the present invention is useful as agliscrete type magnetic recording medium having a
magnetically partitioned recording pattern comprising magnetic recording tracks and a servo signal
pattern. THREATEHRBE/GIEToRtHG heRRsddtitSrecording medium is simple and easy. Means for
Solving the Problemsy{@912)r tnRespatehes;nadadyy theniaveniars, tardheqprovisionof a magnetic

recording, medium revealed that é@gg&veg}m%etigﬂéec%oggingfneg}il%m can be
i leted In

{
recoral

ove- io
producedtk%? thgﬁgﬁgvtvllncg met ods.%‘%u&%ﬁ%ﬁpﬁegﬁ% Invention’has been completed.
accordanBESFET the preseatinventivhsiitreteprovifattife folfviligHethcds RIPotREing a
magneticxegotaing maeditm. [013hanetisslvsed ipa-metheddar pradusiag acmagaetiexacording
medium ha\{rilng ama ngticg&fgrgtéon%%%%gr}egg:cg%cordingaoaéteern\r}oon at Ieaaft one surrrflace of a
nonmagncé%c%ujbsjtr e, CRaracterized By comprising ﬁeafgl?owing steps ?A?lfhrougﬁ (‘i:? carried out in
this orderThe mEAhadtelf obforfing 2omagnelie fiAirich AF/i-fHaghetiesiiistrate, s 1P 1(B) a step of
forming a:gcarbendayer on the magnetic layer, (C) a step of forming a resist layer on the carbon

layer, (D) a stggnoff rming A ne a@ﬁ% pgttgmgrflthe magnetic re_cordlng pattern on the resist

layer, (E) a layer and portions of the carbon layer in

regions corresparidihgito the negative pattern of the magnetic recording pattern, and then,
Researches, made by the inventors, for the provision of a

magnetic reccrding wmedium revealed that the above-mentioned

improved magnetic recording medium can be produced by the

following methods. Thus, the present invention has been
completed.
In accordance with the present inventiocn, there are

provided the following methods for producing a magnetic recording
medium.

[0013]

Disclosed is a method for producing a magnetic recording
medium having a magnetically partitioned magnetic recording
pattern on at least one surface of a nonmagnetic substrate,
characterized by comprising the following steps (&) through (F)
carried out in this order:

(A) 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) a step of forming & resist layer on the carbon layer,

(D) a step of forming a negative pattern of the magnetic
recording pattern on the resgist laver,

(B} a step of removing portions of the resist layer and
portions of the carbon layer in regions corresponding to the

negative pattern of the waghetic recording pattern, and then,



5a (F) a step of removing at least a surface layer portion of the magnetic layer in each region
corresponding to the negative pattern of the magggtic recording pattern. (1) According to one
aspect, there is provided a method for producing a magnetic recording medium having a magnetically
partitioned magniétic fecdrangPattéri o a¥ |éHst %)‘ﬁ%sgu IFacR G A Honhiagie S iibstratet
charactenized hy enayirising the fallowsagistepsyiAxthrougte éepodined out inthistorder:i(A) a step of

forming %@@Q@?HC&Y%S”H%QS&'I‘@QH?Q&%{%@&ﬁ@cﬁ 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@fthe }46HEHEFecordiffHattBREon thé PESt IA§ePTRY A%Ep Bf BHGWIg portions
of the resigidayerant potticnsweidherdarben dayeriing egians.eonrespondirg tethe=negalile pattern of
the magnetic recording patiern, (F) astsp pf.removing g,sudace layerportign of the pagpetic layer in
each regi}an correspondingg[o tﬁe negative paﬁe n o?the magnetic recording pattern, and then, (F') a
step of exposigeachredion of ke tadghetic 1aPer kA& bedlY expgudei By tHE rendfal of the
surface layerpartiag ofthgmagnetic.layerin siep ) toasfluorinacontaiping-gas ionandthen an
oxygen gas ion in this order. [0014 . (2) The methaod for producing a magnetic recording medium
as mentidnet aﬁ%v%l?ﬁ Tiﬁ%v%efne%r;{ rfﬁé’ lcéar%gﬁ/ ?gyébrnfo?m%%r%ﬁn e e%qn%aéﬁgt?cg fe?yteer’in ((s?%?;p (B) has a
thicknessain gierargfe diBhRII0 40 ARYLCOD  [3YFhe Piethdd foesidititingla YRdgnetic redording
medium ag mentioned-abave in £1) whereipdhe surface layerpartion ef the magneticiayer to be
removed has a thickness inéhe rang[gtof 2 nmftot 5 nm, éOO]ES] C(%)glhe meg@g%lf:%r %rgducing a
magnetic T8EBrdlAg el as méftioned above i any ohe of (1)t (3), Wierbin the removal of said
at least thehsurfacs. fyel qortion OF thenriggetie Jayripstep (PP éardededutthea reaétive ion milling

or a reactive,ion elching. -+ . o42) e methed forprodusing amagnetis recasdingmadium;as
mentioned above in any one of (1%%{&3), wherein the formation of the negative attegw@of the magnetic

recording Patfath GIFHf- reSisEaler M step (DYis WaHEE dut by (AR primting tising ™ sfamp. [0016]

step of removing a surface layer portion of the magnetic layer in
each region corregponding to the negative pattern of the magnetic
recording pattern, and then, (F') a step of exposing each region
of the magnetic layer, which has been exposed by the removal of
the surface layer portion of the magnetic layer in step (F), to a
fluorine-containing gasg icon and then an oxygen gasg ion in this
order.

[0014]

(2} The method for producing a magnetic recording medium

as mentioned above in (1), wherein the carbon layer formed con the



(6) The method for producing a magnetic recording medium as mentioned above in any one of (1) to
(3), which further comprises: (G) a step of rergoving residual portions of the resist layer and
residual portions of the carbon layer after step (F'). ~(7) The method for producing a magnetic
recording™ @i as féttionBd Hdve ) (61:ARherefit e TesiSt ByefF REfofAREFGM 7 £8i02 material
or a Si02wentaintirg material in step (C), and the residual carbon layer is removed by dry etching using

e e A i Bk The dnethoglpr proghiclag 2 egaetie (asordigmediym Asgroned
above in (7), which further comprises: H) a step 0of, after Step (G), etching the surface layer
portion ofthe TRE§AEHE fayEf BiFusiRy &b inetFFe 1001 FE suiRtacotd@dfice RAtAtHe preSent
inventiontheredsfinther powded thesfollewinganagaetia recording/eeproducing apparatus. (S) A
magneticgerclordtigg{{gpr%ducing apparatus characterized by comprising, in combination, the magnetic
recording medium prodlﬁcéd by the method as mentioned above in any one of (1) to (8); a driving part
for driving the- ma&gheédit recording medium in the recording direction; a magnetic head comprising a
recording part and g regraduging,part;:@eaps ot mangthesgagnetic heaskin:a gelative wotion to the
magnetic 'recordirgg megiium; and a recording-andfre 1rfdgcin??§ignaLtreating means for inputting
signal to fiie %%%neﬁ%%ea%ogﬁa f&r reaﬁlr\édacﬁwgooutg)u S|g%a om tHé Jﬁ?é”&ne ic h&ad. Effect of the
Invention§00x8}< at least the surface layer portion of the magnetic layer

ih step (F) is carried out by a reactive ion milling or a
reactive lon etching.

(5} The method for producing a magnetlic recording medium
as mentioned above 1n any one of {1} to (3}, wherein the
formation of the negative pattern of the magnetic recording
pattern on the resist layer 1in step (D} is carried out by

transfer printing using a stamp.

(o016} _

{(6) The method for producing a magnetic recording medium
as mentioned. above in any one of (1} tc (3}, which further
comprises:

(G} &a gtep of removing residual portions of the resist
layer and residual pertions of the carbon layer after step (F/ ).

{7} The method for producing a magnetic recording medium
ag mentioned above in (&), wherein the resist layer is formed

from



According to the present invention drawn to a method for producing a magnetic recording medium
wherein a magnetic layer is formed on a non-mag{netic substrate and then a magnetic recording
pattern is formed on the magnetic layer, a magnetic recording medium can be provided which is
characterizéd th thataijood head-ffodtabiliiytis ensiged28Ad thé magREHS réEordingPatiein is
partitioned:ky the regiansexhibiting excellentpartitionahility ane-thensigaak iterferesseccutring
between tsi}e adj%ent partitioned regions in the pattern are suppressed, and that a high recording
density can Be achieved. [0019] Further according to the present invention, a magnetic
recording/reprodifting dsarafidean betpraviietrwhithds Bgaiped with tReHEs enFehfdned
magneticaecardinganediumeaadithusy 1S exhikits goediead:-featakititv; and the magnetic recording

patiern is partitioggd withexgelient adiignabiily and the sianal jfeaies LauERg bejyeen the
adjacent partitioned regions ‘are suppressed, and thus, which apparatus has high recording density

charactedtics: BtictDESGRASH6F Hfe BrEWinG¥ [0626F 2™ ElfTSileRfates a cross-section of an

example of the strdctuie of a magnetic recording medium according to the present invention. Fig.

2 is a flow-sheet of the first-half stepsfor preducing a.magneticresqrdingsnedium ageerding to the
present invention. ig. 3.is a flow-sheet af the second-half sfjtggg for,groducing a magnetic

Fi
recordingFhRdnif acerdiy (e BréSeRFinyEntiGR > “* 154 458 A S e aTRAAGSTFAfion of the
magnetic recordirfg-reproducing apperatts accordirpicithiwpresemdnvénton. RefepamdeAumerals:

characterized by comprising, in combinaticn, the magnretic
recording medium produced by the method as menticned above in any
one of (1} to (8); 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
receording medium; and & recording-and-reproducing signal treating
means. for inputting signal to the magnetic head and for
reproducing output signal from the magnetic head. |

Effect of the Invention

[0018]

According to the present invention drawn to a method for
producing & 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 is characterized in that a good
head-floatability iz ensured, and the magnetic recording pattern
is partitiocned by the regioms exhibiting excellent
partitionability and the signal interferes occurring between the
adjacent partitioned regions in the pattern are suppressed, and
that a high recording density can be achieved.

[co19]

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

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



[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
underlayer and intermediate layer 300 ‘Magnetic laver 400 Non-magnetic region 500 Protective
overcoat In Figs. 2 and 3, 1 Non-magnetic substrate 2 Magnetic layer 3 Carbon layer 4 Resist layer 5
Stamp

exhibits goocd head-flcatability, and the magnetic recording
pattern is partitioned with excellent partitionability and the
signal interferes cccurring between the adjacent partitioned
regions are suppressed, and thus, which apparatus has high

recording density characteristics.

Brief Description of the Drawings

(00203}

Fig. 1 illustrates a cross-—section of an example of the
structure of a magnetic recording medium according to the present
invention.

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

Fig. 3 is a flow-sheet of the second-half steps for producing
a maghetic recording medium according fo the present invention.

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

Reference numerals:

(00213

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 Ndn—magnetic substrate

200 Soft-magnetic underlayer and intermediate laver

300 Magnetic layer

400 Hon-magnetic region

00 Protective overcoat

(o)

In Figs. 2 and 3,

1 Non-magnetic substrate
2 Magnetic layer

3 LCarbon layer

4 Resist layer

5 Stamp

& Milling ion



6 Milling ion 9 7 Region fromch surface layer 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 partially removed, i.e., thickness of the removed
surface layer portion of the magnetic layer. 9 Protéctive overcoat In Fig. 4, 11 Medium-driving part 27
Magnetic head 28 Head driving part 29 Recording-reproducing signal system

7 Regilon from which surface layer portion of the magnetic
layer have been partially removed

8 Depression in resist layer, formed by pressing

d: Depth of the regicn from which surface layer portion

of the magnetic layer has been partially removed, 1.e., thickness
of the removed surface layer portion of the magnetic layer.

9 Protective overccat

In FPig. 4,

11 Medium-driving part

27 Magnetic head

28 Head driving part

29 Recording-reproducing signal system

30 Magnetic recording medium

Best Mode for Carrving Out the Inventicn

rcozzi

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

In Fig. 1 iliustrating a cross-section of an example of the
structure of a magnetic recording medium according to the present
inventicn, an optional layer Z00 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
cn the optional layer 200. The magnetic regions 300 are regions
of a magnetic layer in which a magnetlic pattern is formed, and the
non-magnetlc regions 400 are regions having no magnetic pattern
which have been formed by partially remcving portions of the
magnetic layer. A protective overcoat 300 is formed on the
uppermest 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 uppermost surface. The magnetic regions 300
function as a recording track region with a width of W, and the
non-magnetic regions 400 with a width of L functicn as a partition

for separating the adjacent magnetic regions.



30 Magnetic recording medium 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 a discrete type magnetic recording medium. In Fig. 1 illustrating a
cross-section of an example of the structure of a ffagnetic recording- medium according no the
present invention, an optional layer 200 which is a combination of a soft-magnetic underlayer and an
intetlediate 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 optional layer 200. The
magnetic regions 30@ are regions of a magnetic layer in which a magnetic pattern is formed, and the

nor-magnetic regigns 40 aleredianshang Ao madnetic paterL pdich have beqn fopmed( by

partially removing portions of tr magnetl_c ayer. A protective overcoat 500 is formed on the
uppermost'StTIEET tHe magheRE regionS36005Td the BNy TS Tédions 4061 Hesired, a
lubricatingdibmt(net shdwméanriignd} isformed ohithe appeeamost:surfaces The: Aragnetic regions 300
function as-a recarding-track region with. a-widih of W, and. the pon-magnetic regions 409 with a width

of L function as a partition for separating the adjacent magnetic regions. 10 [0023] . Inthe
example of $hatUe 58 fluStrated FFigeY e HorRRgRe i TeBromea0G have bedh i6fmed by
removing theraistivecpelrtions of the magmeticl layscwhich Lovrespdrid:to the pordnagnatic regions 400.
However, preferalienon:magnetic.regions are-farmed:dy removing-enly-surface layerportions of the
magnetic layer, which goggs%on%‘g%ih&ngn-mggertg:h&eegpns 400, so thatqtrﬂe;?vﬁw dominant part of
each portion‘co"r“résp()“ﬁ’glng t6 The non-n va S( is pi

NS prereran rasnliocn 13 not 1 T

) ' 1 ‘ agneqlc region remains without remo IS preferable
fashion is At fikitrated in FiGhAF. b thissretérasiefashior, ther istess kegivpsoithénfagnetic layer
correspondiagrietthe neg«+nagnetie segions:from whieh strfacedayer pogtions.ekther magnetic layer

have bee ove fer have a.depth zd".in nge. qf 2 10 15 nra, more preferably 5 to 10
nm, in vier\]/‘vﬂhgygtgﬁeg 155%%%%@%5 %n\éa*g@nléigé%b%é n‘?t%%é%ﬁ%ﬁ in the’ r%%\éggjseegl}o%es%ﬁgvgé%al to the
thickness &ftheSrethovedsliFfatedayel pottions'of e Adgifetittlayefr{0024]™ " Tfe method of the
present inverditn-fdriprotlucing @ magnetic tecording imedium having aymag neticalty-partitioned

magnetic recording-pattern.gn atleast.ong.suface.of a.nonmagpetie subsirate will pe described by

referring a:(gﬁreferred specific example thereof as illustrated in Fig. 2 and Fig. 3.~ As illustrated in
Fig. 2, a mAgnetic 1AJeP35S formed oh ahorEnagretc Substrate™ TapS™T & &Thon layer 3 is
formed on the magngticilayer 2 [step (13)] . A resist layer 4 is formed on the carbon layer 3 [step (C) ] .

A negative pattern-ofihe magneticiecqrding patternds-givensdo-the-resist layer dstep () ] . By the

term "negative pattern of gle marggle,tic recordinIg epattern]" as sp%ciﬂcagy used herein, we mean a
E".“.@COd’_‘ ln% mea 2 UM LT Vlfﬁ% =) maﬁ_ L1Ca %f%ar lu]t(f. o] ma%netlc. .
pattern having depressed regions in resistlayer, Whi Fm-partitions for separating recording

tracks of alffig§hetie fecraig rmediimeThE fornafibrecEthe Adyativedpatcrh isleakded out by, for

example, pressing astamp-sagainsitberesistiayerisier )pbaThe afrovin-step (P) dadicates the

direction in,which the stamp %m%ng . Portions Tplfcéh%esist layer 4 and portions of the carbon layer 3,
& i In . et [ 1 .

which fork the regions correspon to the negative pattern, are removed
As illlustrated in Fig. 2, a magnetic layer 2 is formed on

a non-magnetic substrate 1 [step {(A)]. A carbon layer 3 1s formed
on the magnetic layer 2 [step (B)]. A resist layer 4 is formed
on the carbon layer 3 [step (C)]. Anegative pattern of themagnetic
recording pattern i1s gilven to the resist layer 4 [step (D)]. By
the term “negative pattern of the magnetic recording pattern” as
speciiically used herein, we mean a pattern having depressed

regions 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
& stamp > against the resist layer [step (D)]. The arrow in step
(D) indicates the directicn in which the stamp o moves. Porticns
of the resist layer 4 and portions cof the carbon layer 3, which

form the regions corresponding to the negative pattern, are removed



11 [step (E)]. Thereafter, as illustrated in Fig. 3, at least 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 portions of the carbon layer 3 are removeld [step (0)]. [0025] In the producing method of
the present invention, following the steps (A) through (G), the surface layer portions of the magnetic
layer 2 are preferably etched with an inert gas [step (H)]. More specifically, the surface layer portions
of the magnetic layer 2 which have been, for example, ion milled or ion etched in step (F) are removed
with an ineregas suehjas argon gas or N2 gas at a depth in the range of 1 to 2 nm. [0026] If

desired, following @%tg%f@gyof geﬂoiyirﬁ%%f}%{%gq%amgti%ns Qf{ggiﬁl layer.and Errge residual
portions of carbon layer, the dfebrqssﬁns\\o ‘the magneti I"ayér%, which have been Qym‘éd by
removing &18aC8GTace I dyel poffiGiis thereof in SefRES aré fifsiEwith ‘8 it rhaghetié material (this
step is notshoversiekRitir3).co thEhereafterya peatectivesavereoat@:is preferably-fermed,on the

uppermost;suface-of the magnefic;layer stepl-Finally a lubrigating layer (nof shown) is formed on
the uppermost surface. 0027% The stéps in the producing method of the Eresent invention will be

. L : P €
described Sp&Citicay and Hiot& Tt detalfYS” “TABhORhAGRStIRElhthaet TRTREPresent
invention is aveparticularlydmitedt drid.sas spedific examples thereof, there can be mentioned
aluminum alloy substrates predominantly comprised of aluminum such as, for example, an Al-Mg alloy
substrate; and sub Igr élgs m?aéjc?%t %rdinagﬁqdafglass gluminpsjlicate%ass, iglals?s ceramics, silicon,
titanium, ceramics, an ‘gré)énlcure“éw%%f 1 élséj, aruﬂr%iﬁﬁr%sgﬁdy%rﬁ%%?ré 851,’9 455 SUibstfates such as
glass ceraﬁﬁ&%ré@é,ﬁh@ﬁﬁéo?%ub@?@@fface laver portions of themagnetic

laver 2 are preferably etched with an inert gas [step (H)]. More
specifically, the surface layer porticns of the magnetic layer 2
which have been, for example, ilon milled or ion etched in step (F)
are removed with an inert gas such as argon gas or Nz gas at a depth
in the range of 1 to 2 nm.

[00z26]

If desired, following the step (G) of removing the residual
portions of resist layer and the residual portions of carbon layer,
the depressions 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 layer (not shown) is formed on the uppermost surface.

(0027}

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
1s net particularly limited, and, as specific examples thereof,
there can be menticned aluminum alloy substrates predominantly
comprised of aluminum such as, for example, an AI-Mg alloy
substrate; and substrates made of ordinary socda glass,
alumincsilicate 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 surface roughness
(Ra) of not larger than 1 nm, more preferably not larger than 0.5 nm, and especially preferably not
larger than 0.1 nm. [0028] The magnetic layer 2 can be formed directly on the non-magnetic
substrate 1. Alternativelyintermediatelayerssuch ag a soft magnetic underlayer, an orientation-control
layer and/or a ruthenium intermediate layer (not shown in Fig. 2) can be formed on the non-magnetic
substrate, and then the magnetic layer 2 is formed thereon. The magnetic layer 2 maybe either an
in-plane magneticlayer or a perpendicular magnetic layer. Aperpendicular magnetic layer is preferable
in view of meke enbasgedirecosding density. The magnetic layer is preferably formed from an alloy

predominantly comprised of CO§ It. . eferable example of the in-plane magnetic layer is a
combination of a lzrehﬁr{(%nﬁalgangltéll %Cr%fq“@%y&{ﬁi r%*n%%#%%ﬁ%ﬁca&%@ ﬂ%%%r%ﬁgﬁ T8029] A
preferable BXaBApIB T the pérpdiiticuididtagiietic layEr cCBRTSTSES ApTali\yprédohikigftly comprised
of cobalt. Thezaobalt altay inelides,feri exampte,sx 60801 150km15Pt alley arttka 7000-br-15Pt-10Si02
alloy (the numeral gggggng immediately before each element refers to % by mole of the element).

A preferable multilayer structure for the magnetic recording medium comprises a combination of a soft

magnetic underlay&F GoMiHsad 6f aFECE0allcy sdth 48 FetoB  EBE0SIBOReBSZr, FeCoZrB or
FeCoZrBCuyaFeTaalloy suchias:EeTaN érikeTa€; oval €a alleysadhasCelaZy €oZiNB or CoB;

an orientatgmacg@tfealr@g@{e@ﬁ@rsa@'ﬁeé:&9&f}éﬂ?%M&&@ﬁ%&%@@ﬁ;@%@@i@&eﬁ@ﬁgia%%?nium layer;
and, formed thereon,afe[rrqr%}g’gggtic layer com risedS%fa60.Oo-15Cr- SPt alloy or a

(0]
7ooo-5cx-f5ﬁ%3?ﬁﬁ65ﬁ&h%f ate’layer (not shown in Fig. 2) can.bé fTormed
on the non-magnetic substrate, and then the magnetic layer 2 is

formed thereon.

The magnetic layer 2 may be either an in-plane magnetic layer
or a perpendicular magnetic layer. Aperpendicular magnetic layer
13 preferable in view cf more enhanced reccording density.

The magnetic layer is preferably formed from an alloy
predominantly comprised of cobalt.

A preferable example of the in-plane magnetic layer is a
combination of a ferromagnetic CoCrPiTa 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 inciudes, for example, a 60Co-15Cr-15Pt alloy and a
70Co~5Cr-15Pt-10310; alloy {(the numeral occurring immediately
pefore each element refers to % by mole of the eleament).

Apreferablemultilayer structure for the magnetic recording
medium comprises a combination of a2 soft magnetic underlaver
comprised of a FeCo alloy such as FeCoB, FeCoSiR, FeCoZr, FeCoZzrB
or FeCoZrBCu; a FeTa alloy such as FeTalN or FeTaC; or a Co alloy
such as CoTaZr, CoZrNB or CoB; an orientation-control layer
comprised of Pt, Pd, NiCr or NiFeCr; and an intermediate ruthenium
layer; and, formed thereon, a ferromagnetic layer comprised of a
60Co-15Cr-15Pt alloy or a 70Co-5Cr-15pPt-10Si0; alloy.

[0030]

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

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



The magnetic layer 300 in Fig. 1 preferably has a thickness, in the range of 3 nm to 20 nm, more
preferably 5 nm to 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 to obtain an output power of at least
certain level at reproduction. However, parameters relating to the recordation-reproduction
characteristics are generally deteriorated with an increase of the output power. Therefore an optimum
thickness of magnetic layer is preferably chosen in consideration of the output power and the

recordationsgproduction, eharacteristess {00831 surhnthe-produsingrmethod of thepresent invention,

a carbon layer is formed on the surface of the magnetic layer. The formation of the carbon layer
%yé § IS C)% L %JD e Z%.O

can be effecte ?w f%?seggrrﬁple, a E%ﬁlﬁ%rmél 6r CVD method. A E:%er]n{é{hdo |smf)ar%?grl’ajbﬁy adopted

because aiferisé Tarbdit it foafiet THE Garbon et préferably Aas asthickneds inthe range of
rim to 40 riot, more eferably-20mut40:30 am.Witha thickness.of thinpet thawsmuts undesirable

sagging at {he fdge portian of the athon layecends to eauyandJhe eTmanlty of apagneti

recording pattegn is deteriorated. Further, ions tend to penetrate through the resist ayer and the
carbon lay&Pintd thé Fhagrétic ayers G eby deie rioratng i nitgrietiGERafRREristids of the magnetic
layer. In contfast i withtathickhbssrofithickes than 40 nien pthiectirn ecregriired Toretehing the carbon layer

is long and thus-the productivity heeames poor. Further,;when the carbon layer s etched, a residue
undesirabl%é Cgema(;lins on,the gnetic Iager.éOOBZ]gn ? %arbon can easily be etched by reactive ion
iV +Th T

Sion milling: USing Aroky§ei ga Bfore When tHE TeSitaT portshs of resist

etching or réactive
layer and theaesighel porioAs 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
n“n”nued'[0033]in,the producing method of the present invention, a carbon
layer is formed on the surface ¢f the magnetic layer.

The formation of the carbon layer can be effected by, for
example, a sputtering or CVD method. A CVD method is preferably
adopted because a dense carbon film is formsad,

The carbon layer preferably has a thickness in the range of
S nm to 40 rmm, more preferably 10 nm £o 30 nm, With a thickness
of thinner than 5 nm, undesirable sagging at the edge portion of
the carbon layer tends to occur and the formability of a magnetic
recording pattern isdetericrated. Further, ionstendto penetrate
through the resist layer and the carbon layer into the magnetic
layer, thereby deteriorating 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, & residue undesirsbly remains on the magnetic laver.

[0032]

Carbon can easily be etched by reactive ion etching or
reactlive ion 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 residus
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



In the producing method of the 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 recording pattern can be carried out by the
conventional photolithographic technique. Howevéd, it is preferable from a operation efficiency to adopt
a method of pressing a stamp against the resist layer whereby a negative pattern of a magnetic
recording pattern is transferred to the resist layer. [0034] In the producing method of the present
invention, after a negative pattern of the magnetic recording pattern is formed to the resist layer 4

instep (D) shown insFigs 2udlie slepressed regions:-8.of resist taver 4 prefesablyhave-adhickness in the
range of O t% 20 nm._When the depressed regions of resist Iaé/Eeroh ve such thickness, the selective
7 %

removal of the TesiSt %@%r "”é%& the ca%ﬁlghﬁgjereiﬁnstlé% fl?)rlzﬁ _ an?gte%peaﬂ)sih @f%rcan be
effected in“an advaritagéstis thafhet. Tt s, iingésiFable Saggify Bt edgelporticis 6f e carbon layer
3 can be avetded-anddhecshieldahility of:the catbendayee3-agaiast pilinglionit-cas feienhanced in

step (F) in £i9, 3.and theJgnnabillty.of the magnet ecardina.patiem by he.qarhon ayor 3 also is

enhanced. [0035] In a preferred embodiment of the method for producing a magnetic recording
medium adéorditiPlo e ressht fhvertioT & iatefiafWhid¥ 8ahbe tlifed GpoR irradistion with
radiation isthisedias thermaterialdopdarming the esistdayeri4 ivsteps (G apd(B):n Eig. 2; and, when
a negative;maguaetic recording jpattern is transferred onto the resist layer 4 by using a stamp 5 instep
(D), or after the tra%?é%r of negative magnetic recording pattern has been completed, the resist layer 4
is irradiated with radi éﬁ In this preferred embodiment, the configuration of stamp 5 can be
transferred on the issiskfayartwithbighprscisiorE Cbaseyaently, wWhentheoregiofisof the carbon
layer 3, COH@%@@ﬂdiﬁwg;&t{r&ﬁeg@tivaénﬁggﬁa%i@cg%ifag@%@r@@fﬂ@@ﬁnagn@&igrﬁ@f@ﬁ@'ng l;oattclern,
are remov etching in step (E) in Fig. 1, undesirable sagging at edge portions of the carbon layer
3canbe 1T %\)/éo?géa%ﬁa‘ he %hTé{d%ﬁﬁ%} %f the carbon layer agféléelr?% rﬁfﬁlsnsge%ﬁ ‘6°can be enhanced,
and the form&biliBEét-fiie hiaGtetic RECOTEIPpattEAYByahBlEatboRIayer 3icenh amebe @hhanced.
The radiatior:used far curing:the curable-materiakrefers:to efecteemagnetic=wavesdnsabroad sense

hich includs heat tays-isitle ol yirawigleL bt X2ys.80d 0301a - shgtll examples o

the curable material, tﬁgere can be mentioned thermosetting resins which are curabl eat rays, and
ultraviolet-$&iig résiiswhich aré ditable by Glitiividlet light [00%8] * “ah fife feth6dTor producing
the magnetic recordimgrediumsaceoncing tothetpresentinisention; lin thestep {0y of4ransferring

negative magneticrecarding patterns onfa the resistdayer 4Ry using starap S jitispreferable that the
stamp is pre;§ed on the resist layer 4 havmg pnlgﬁflli{dlt. égnGd, while the resist layer is in a pressed

State, the résist ayeH 41€ Inadiated Wi > " 1+19 2o 0 Gan be Sanancedhn Step

(F) in Fig. 3, and the formability of the magnetic recording pattern
by the carbon laver 3 also is enhanced.

[00325]

in a preferred embodiment of the method for producing a
magnetic recording medium according to the present inventiorn, a
material which can be cured upon irradiation with radiaticn is used
as the material for forming the resist layer 4 in steps (C) and
(D) in Fig. Z; and, when & negative magnetic recording pattern is
transferred onto the resist layer 4 by using a stamp 5 in step (D},
cr after the transfer of negative magnetic recording pattern has
been completed, the resist layer 4 1s irradiatec 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 regicons of the carbon layer 3, corresponding
to the negative magnetic recording pattern of the magnetic
recording pattern, are removed by etching in step (E) in Fig. 1,

undesirable sagging at edge portilons of the carbon layer 2 can be



radiation to be thereby cured, and thereafter the stamp 5 is removed from the resist layer 4. By this
procedure, the configuration of the stamp can be transferred to the resist layer 4 with a high precision.
[0037] 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 irfFadiating a laminate structure comprising the resist
layer with radiation by exposing the substrate side (i.e., side opposite to the stamp-pressed resist
layer) 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 sesisidayerogadiatiom by iapplymgradiatipadromside efthelaminate steucture; and a
method of using radiation exhibiting a hi opductivity to a selid, such as heat rays, and exposing the
stamp-presys%{;lgsi%e “%%h%%%\%?é sgtlr%gt%rge %]?T%I%%Toxp%%té} Si %?ﬁj%%?ﬁa%%ﬂéeﬁﬁé%& with the
highly therRfocoiductive Tagliatfdi R d prsterredCspecifié @xatnsie s therocedure of 16 irradiating
the radiation-curalifagesistiiayeranith sadiation ta:etureythecesist kayes, antdiravioletr=gurable resin

such as novolakJesin, Anachylic acidester esipolaLycloaliphatic epoxysesinds usedas the

radiation-curable_resist resin, and a stamp made of a highly ultraviolet ray-transmitting Qfass or resin is

used. [0038} 5 Brefefibly a'SioF dtenal or8i02-confafmghitatgAaNe Jetffor fhe resist layer. A
Si02 matesdakor. Si02-eontyihiryg Matarialexiibits ahigh iesistariceto dry-étehirgusingedn oxygen

gas, and theyefore; when.a negative pattern of-a magnstic recording pattern ig fermed on the carbon
layer by |08igwér{%oun@%em5|rqble blurrin %fsagﬁg%%vaeggtg:lrgg@?g%caa be avoided. In ather words, the

carbon layer can be §ubje%? fg %irrl)g é:t%ﬁlng using an oxygen gas Mtﬁ&&tﬁ%ﬁf‘c%@”aﬁ%ﬁh high
efficiency. Since thel8i52! material or Si02-containing material exhibits a high resistance to dry-etching
using an oxygen gas, when-ahegative-patternef agnagaetieyeserdingpasternis fesmeshon the carbon

layer by dry etchi e} rp.image of the negative pattern with sheer, side walls in the edges of the
negative péﬁg% i?n%geég{%tﬁg lggf%go% %Yé?vgagr? %é%fbrmneé. %ﬁﬁ%%%s Z’;lr%p%%t?e?ﬁ is "5T_vle‘ﬁgto the
magnetic 18§87 ahtFathagRetc réeording Hedfinm FavingTmproved fiffge Ehafd&teristies can be
obtained. The fringe characteristics referstothie=characteristies afwiitkstandingthe reduetion in read

output as eyalyated by, comparison of the.initial read outpit as measured ipymediately affer writing is

made on a track, with'the read output of said track as measured after writing is made repeatedly, for

example, T000infe51 7€ Adfacerit racks. 66387 12 iferththedative-patiert of the magnetic
recording paiterTisgivien te tHeerasist tayerd iarstepD)sshiowr inhEig.t2pin thescaseaviyen the
depressedgegions 8 otresist layer4 remains, the depressed Legions of resist:layer areyemoved and
further the . - : . . - . .
the stamp can be transferred to the resist layer 4 with a high
precision.
[0037]
For lrradiating the resist layer having high fluidity with
radiaticn while the resist layer iz in a pressed state, there can
be acdopted a method of irradiating a laminate structure comprising
the resist layer with radiation by exposing the substrate side (1.2.,
side opposite to the stamp~pressed resist layer) of the laminate
structure to radiaticn; 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 tc radiation by applying radiation from side of the
laminate structure; and a method of using radiation exhibiting a
nigh conductivity to a solid, such as heat ravs, and exposing the
stamp~pressed side of the laminate structure or the opposite side
{substrate side} thereof, with the highly thermoconductive
radiaticon.

In a preferred specific example of the procedure of



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 17
such as reactive ion etching or reactive ion milling. [0040] Thereatfter, as illustrated in step (F) in
Fig. 3, at least surface layer portions in the regionkcorresponding to the negative pattern of a
magnetic recording pattern are removed . More specifically, after the removal of portions of the
layer by, for example, introducing an oxygen gas into an inductively coupled plasma (1CP) apparatus
to effect ion etching, at least surface portions of the magnetic layer in the regions corresponding to the
negative pattesa of the inagsetiedayer are-temanved by for example, don mitiag £: Bynadepting the

above-mentioned method, a-sharp.image of {he negafive patter with sheer.sigde walls in.the edges of

the negative pattern image of the” carbon layer can be formed. This leads to the formation of a sharp
pattern withSfeetside" wall$ih 17& Etiges of it the fagrietie laver and & magngtie fécording
medium hawadhamproveedfringe-charactérstics cantd obtainedsf004klin, aftesmethog according to

the presenyipyention, preferably further coraprises a-stepdk) of £xpasing the regions jn;the magnetic

layer, from which the surface layer portions corresponding to the negative pattern have been removed,
to a quorin‘éE-a(?éjntaining gas ion such as CF4 gas ion and then an oxygen gas ion in this order by using
a reactive ion etchingfapparatus such as an TOP apparatus whereby said regions of the magnetic

layer correspondingtortbe-nagative: patteraefitheimagnetic recording-patternare-subject to
demagnetizgteign r jegrl{gtignsig 5Ehe am%%nt cg&rg%%ne%%gg% By é@e&&rgvisiogtoaf_,steg O(F), fringe
characteristics of the magnetic recording mediuf afe more improved; [0042] - The
above-meftidied fenfoval of therrésidhal takbon laser fs Praferabii carited GuEpyTeaeve ion etching
using an IGBappatatisusing-an axygen gasathesabavesnentionediemaeval okthe-stiface layer

portions of the.magneficlayeris preferably carried. L}Jiégr}fo‘%%%@i 9;5%?@@8'&,{3%%"6 lon etching

using an ICP apparatus or a reactive ion plasma (RIP) apparatus while argon gas or N2 gas is
introducedthBréin B redctivedon fifing Teing 3R 28 -Her YaE StithCas argsitgas 8P R#¥Egas. More
preferably the:ioarhitting afthrecarbon fayerdscamiet-gut by ICGR; using arroxygemgaszand the ion
milling of the syrfacedayer portionsqfthe magnelic layer is cgrried ot by.using argon gas or N2 gas.

material or Si0;-containing material exhibits a high resistance

to dry-etching using 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 pattern with sheer side walls

in the edges of the negative pattern image of the carbon layer can

be formed. Thus & sharp pattern is 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

ocutput as evaluated by comparison of the initial read output as

measured immedlately after writing is made on a track, with the

read output of said track as measured after writing i1s made

repeatedly, for example, 1000 times on the adjacent tracks.

[0639]
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 regions 8 of resist layer 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 of the depressed regions of resist laver and the

corresponding regions of carbon laver is effected by dry etching



[0043] The non-magnetic regions (depressed portions) in the magnetic layer for magnetically
partitioning the magnetic recording tracks, theservo-signalpatternregionsorthemagnetic recording bitts
can be formed by filling the depressed portions in the magnetic recording layer formed by ion milling of
the regions of the magnetic layer corresponding té’the negative pattern of the magnetic recording
pattern. By filling the depressed portions with a non-magnetic material, the coercive, force and the
residual magnetization in the thus-formed non-magnetic regions are reduced and a magnetic recording
medium having a high areal recording density and exhibiting a minimized write blur is obtained. The
non-magneticmateriad is-preferably fermpdfromr-an SQE: (spin-on-glass) ofa Si02-forming material in
view of ease in hafﬂﬁ@@% j’:\nd simplicity of 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 to theésstativetpattérn ot #5& fiaghetic recrding pafttefn Ravéra¥ery<miall depth, i.e., a
depth "d" inuhédande ot b to tbinms the tdepressedregionssnaynbtbe filledwith @endrsmagnetic
material. Egyae@t@’x‘%S%C%Qﬁﬁé%ﬁ?%BBQ&Q{}%@%MQQ@ with anon:magnetic material, a magnetic

recording medium exhibiting good floatability of & magnetic head (i.e,, the head is not crushed upon
recording/reprodudifgf GiF be obtamed 15/ e upermost SurfdcBofthe Mg Rtidtecidfgmedium is
coated diréctly With a&saryar: prétetctive filmnf0eMpxyghesmaghetic recotdidigamnedium produced by
the method of the presentiavention has.amagnetic layer-300 comprised gfmagnetic:pertions with a
width "W" and fon-maggetic é)orgi% s 400 with a width "L as illustrated in Fig. 1 Wbl%r];eriln W and L are
preferably ho é?r%%? than 200 fim and nc%rfarger than 100 nm, res%‘e‘cﬁve‘ry, a‘n§ P19 "‘"ug, the track
pitch (i.e. ,thetH T EEWL Pl 3 1S praferably: A otdaryeT thahe300 i Sirf ¢ievy of Righ réedrding density.
The smalles:theitrack p#ehnthe higher. the yegardingdensity. {8045} Ehe.mpgaetieally partitioned
magnetic recording patisindp the.magnetic recarding medium gfthe presentipyention jcludes two
types of patterns, i.e., afirstt pe magnetic pattern having a surface conﬁguraﬂon with depressed
portions orFfifE BpPe R SESHTacE 3€ IftRtratetF FPtép G oF FiG S, BhdEa §8E0r tysEpattern wherein
the magnelicipoitiens: 300 with sowidth:Whasé partitiaped:hy ¢he: adjacestiswonmdgneticlportions 400
with a widthy|- S5.lusiatedhin £10; 1 As.amoriicalion of the.secand ype-paliein. a paiprn can be

adopted wherein an upper part of each magnetic portion is partitioned by the adjacent non-magnetic
portions, bﬂﬁ%lﬁ@v@@ﬁéﬁ%f%%ﬁ%nﬁ%ﬁ&rtﬁpﬁﬁaﬁ&eﬁ&ﬁﬁbﬁﬁdeSﬁ-rﬂgéﬁéﬂg%brtions, ie.,a
lower part of the magi&tic portion is contiguous to the adjacent lower parts of the magnetic portions.
This partially partitienedmagneticrecording pattersshouldbe constiyed 4o be-included in the
magnetically Pa{ltitioned rpagnetic rggor?iﬁg&g CPJ:_BI'[EI’I’] aﬂsrusequ‘ in the. present 1rg1vention. [CQ_O46] The
depressed"‘“p‘lorﬁ"oﬁg %O%“%a%sngtﬁ:“r‘é%or mg“laeﬁ{égroﬁé\:/llﬂgtacdgg%lﬁwﬂ%ér}a“ngeemo 2o 15 nm may be
or may notitse’ filledith & AbRCNTAEN 61i¢ At rial e nistionet aboves Bver thou gy stieh depressed
portions inthg magaeticdayerare hotifited witharaan-magnetiamatedaksuchidepressed portions

have a thickness hjnne than that in the.giher,nan dentessed nortions of agnetic Jayer, that s, the
X

depressed portions exhibit relatively poor magnetism in contrast to the other non-depressed portions
of magneti€Yayét Phiist #He maGnefic recorditg pattera i the Hoh e pressed Porfions éan be
partitioned+y:the-deprassec:partions: Thenpartitioralitityl ef the nomdegressed partionsdrom the

depressed,portions can be.gnhapced by adopting a.step {F) [the hereinbefote mentioned means (6)]

of exposing the depressed portions of the magnetic layer, from which the surface layer portions of the
magnetic IAEF Ve been réimBYetiii Step () t1om"S AMoLnT of magnetization. By

the provision of step (F), fringe characteristics of the magnetic
recording medium are more ilmproved.

[0042]

The above-mentioned removal of the residual carbon laver 1s
preferably carried out by reactive ion etching using an ICP
apparatus using an oxygen gas. The above-mentioned removal of the
surface laver portions of the magnetic layer is preferably carried
out by dry etching, for example, reactive ion etching using an ICF
apparatus or a reactive ion plasma (RIP) apparatus while argon gas

or Nz gas 1s introduced therein, or reactive jon milling using an



20 a fluorine-containing gas ion and then an oxygen gas ion in this order thereby deteriorating the
magnetic properties in the depressed portions. [0047] By the term "magnetic recording patterns"
as used in this specification is meant a magnetic recording pattern in a broad sense which include
patterned media wherein a magnetic recording palttern are arranged with a certain regularity per bit;
media wherein magnetic recording patterns are arranged in tracks fashion; and servo signal patterns.
The method of the present invention is preferably adopted for the manufacture of a discrete type
magnetic recoding medium in view of simplicity and ease, wherein the magnetically partitioned

magnetic regerding:patieras involemagneticyecading dracksandsesve signal patternsy [0048]

After the Sé%% (F).0f 5%%’&”%5%%%553% §C§éaé{SE»P?é@P%%(f%@ez‘@?g&‘%t_iﬁéaé’ﬁ ré%;@%ig’“s

corresponding to the negafive pattern of the magnetic recording’pattern, If desired, a step (G) of
removing ré&idudportiofs ‘o reSistfayer arid FeSidBar peronsofeartiontayes i€ éafisd out. In the
base wheredhe«depressed:partions:a the magnetc layerdormedrbyymilling the regions of the magnetic
layer correspondingo@qt_{)]e negative pattern of the magnetic recording pattern are
filledwithanon-magneticmaterial, said step (G) can be carried out either before or after the filling of the
depressed portions With'8 hSF-MEgretic rratehal. THErdmeod SFthedsiduditesidt layer and the
residual carbgndayer issgarrietboutipreferably byydmyeetching; reagtivedometering or ion milling.

The thickness of the sesisidayer:is sisually-gradually thinned,threygh,steps (E).and;(E)-and, in some

cases, the fesist layer disappears af the end of step,(F), In his case, the step, (G) of removing residua
portions of resist Tayer IS unnecessary. e thickness of the car%onefayer EE) graaually thinned
through stéps<{E aad ) ehd2rasdiecrésist ayerBeeomes van) Hihrst tHeterdsfstepsF). In this
case, evenstheughrtheesiduak Zdr corresponding to the negative pattern of the

magnhetic recording pattern. By filling the depressedportions with

a non-magnetic material, the coercive force and the residual

magnetization in the thus-formed non-magnetlc regions are reduced

and a magnetic recording medium having a high areal recording

density and exhibiting a minimized write khlur i1s obtained. The

non-magnetic material is preferably formed from an S0G

{spin~on~glass) of a Si0:~forming material in view ©f ease 1in

handling and simplicity of working.

Alternatively when the depressed porticons in the magnetic
recording layver formed in step (F) by ion milling of the rsgions
of the magnetic layer corresponding to the negative pattern of the
magnetic recording pattern have a very small depth, i.e., a depth
“d” in the range of 5 to 13 nm, the depressed regions may not be
filled with a non-magnetic material. Ewven though such depressed
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 recording medium
is coated directly with a carbon protective £ilm.

[0044]

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 portions 400 with a width
“L7 as illustrated in Fig. 1, wherein W and L are preferably not

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



thin carbon layer is not removed in the step (G), the residual thin protective carbon layer can become
apart of the protective carbon overcoat formed in the succeeding step (). [0049] In a preferred
embodiment of the method of the present invention, after the step (G), the magnetic layer is preferably
exposed to an inert gas such as argon gas insteplfH) as illustrated in Fig. 3 whereby the depressed
portions of the magnetic layer, which have been exposed to gases upon ion etching or other means in
steps (F) and (G), are etched whereby a surface layer portion with a thickness of 1 to 2 nm in each
depressed portion is removed. The magnetic characteristics in the depressed portions in the magnetic
layer are redusedtin<onteast tptherother, portions:thengoft w Fhesuppetmost-sidaae Df the magnetic
layer, fro i esidual resist layer and.the resi layer h re ed, and the
depresse?"%é?rtci%)bérwgi'igf)efE wﬁﬁ:%%harge\"ﬁeﬁ betn%'n flil'lllq:ao‘lg érgﬁac\?é gjgt k%?rig %ﬁelngat g\ér?b%- dgn@%%( material, is

usually codfstiwith & profectivé darb6h overBoat-506 as itistrated iRy, 45751 “Fhe overcoat 9 can

be formed from a matéiial conventionally used for the general overcoats, which includes, for example,

carbonaceous matgfialg as garbop(C), hydrogenated.¢arban. (HE) nitrided:carhon.(CN),

amorphous_carbon and silicon carbide (SiC); and ot%eé conventionall use materri;lsﬁlsuch as Si02,
Zr203 and T W6 Or iofé ovErdoss ity Be fornidd [0oB0F" " “THs thickhesEorthe bvercoat 500
is below 10Wnr iithe thfckaessofithe protective-overcsaris T0.ame o farger: #ie distance between the

head and the;magnetic.layerhacomes undesiralbly dargeapd:thednput and-eutpipowers are often
insufficient, -1, fomation. of.the overcoatis usyally caried qul by.a sputier method.or a CVD
method. [O%)gi Ko rlcatlngfrayer"l‘s pre‘Fe?’a% y formed on ﬁ1e overcoat.%eﬁubnca%g layer is
formed frowi:freexarmpte 'a FuoFine-eoitaining labricant a hydrdearfor TsbReaRt Sr-atfixture thereof.
22 The thigkness:-ofthe: tbiicating-tayenis-Ws ally-pithesrange ofilto 4 nirich 1 as

illustrated in Fig. 1. BAs amodification of the second type pattern,
a pattern can be adopted whereln an upper part of each magnetic
porticn 1s partitioned by the adjacent non—-magnetic portions, but,
a lower part of each magnetic porticon 1s not partiticned by
non-magnetic portions, i.s., a lower part of the magnetic portion
is contiguous to the adjacent lower parts of the magnetic portions.
This partially partitioned magnetic recording pattern should be
construed to be included in the magnetically partitioned magnetic
recording pattern as used in the present invention.

[0046]

The depressed portions in the magnetic recording layer
having a depth in the range of 2 to 15 nmmay be or may not be Zilled
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 portlons have a thickness
thinner than that in the other non-depressed portions of magnetic
layer, that is, the depressed portions exhiblt relatively 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 porticns Ifrom the
depressed portions can be enhanced by adopting a step (F') [the
hereinbefore mentionaed means (&)] of exposing the depressed
portions of the magnetic layer, from which the surface layer

portions of the magnetic layer have been removed in step (&), to



[0052] The constitution of an example of the magnetic recording-reproducing apparatus according
to the present invention is illustrated in Fig. 4. The magnetic recording-reproducing apparatus of the
present invention comprises, in combination, the above-mentioned magnetic recording medium 30 of
the present invention; a driving part 11 for driving ie magnetic recording medium in the recording
direction; a magnetic head 27 comprising a recording part and a reproducing part; head-driving part 28
for moving the magnetic head 27 in a relative motion to the magnetic recording medium 30; and a
recording-and-reproducing signal treating means 29 for inputting signal into the magnetic head 27 and
for reproduction:of-outputsigratfiram thesmagnetichead?2dn oxvgen gas ion in this

Themagnetirecoring-iepraducinganaratys comprsing the compination.of the ghove-mentioned

means can provide a high Iecordlng* ensity. More specifically, in the magnetic recording medium of
the magnetieHee8riingHfepradiicing apparatus, the magnetic recording tracks are magnetically
discrete, and therefor: the recording head width and the reproducing head width can be

approximately the g@@éi@@& qubg@_efé/viy%g&%&g%lt 8£§ggg%mtl)é high repraduging output power

and SNR. This is_in a striking contrast to the conventional magnetic recording medium wherein the

reproducingf&ad Witth HustBE 8mafePIRER I recordimt st width 10 mnimize 1RE5S
influenceofthemiagnetizationardmsition regioasqinghetrackredges. j0053jordiBy constituting the
reproducing.part of he,@agnetic head as:GMR heatkor T)IR bead; a;suffigiently:high signal intensity
can be obtpqgn%d %\l/%nj%c%hic%t]nrecor 'g}ﬂqugn\%%, tc_g]altﬁiis,ége Tagpegcgecgr%ig Aapparatus having a
high recordina“(?ens_lty an be ‘p?o\%%e N en the head is floated a a""ﬁoéilng he?grh in the range
of 0.005 pFEBVD.020phT whRith-84Bfer than the conventionally adopted floating height, the output
power is increasedraadithershNR-becames-lasgarand-tbts the magpeticseepndingapparatus can have

23 large size.and.a high reliahility. - If asignal treat C%%Lgﬁgﬁhnc,g asum-prodyct.egmposite
algorithm is combined in the magnetic recording medium, the recording density can be much more
enhanced, &nd aRUfficieRtyhigh SNRESEh B Sbtalfed 8ven Wite RFEEGTdfdrtéproduction is carried
out at a trageckdensitynet18ck4raicks-ermulerpep &tote :0ra limeat re coxdingtdensiy af 16D0 k-bit or
more per inch,Qr-a high recording densityof.at least 100 G-bit or more per square inch. Examples
[0054] ”

[0048]

After the step (F) of removing at least surface layer portions
of the magnetic layer in regions ccrresponding to the negative
pattern of the magnetic recording pattern, 1f desired, a step (G)
of removing residual porticns of resist laver and residual portions
of carbon layer 1s carried out. In the case where the depressed
portions in the magnetic layer formed by milling the regions of
the magnetic layver corresponding to the negative pattern of the
magnetic recording patternare filledwith a non-magneticmaterial,
sald step (G) can be carried out eilther before cr after the filling
of the depressed portions with a non-magnetic material. The
removal of the residual resist layer and the residual carbon layer
i1s carried out preferably by dry etching, reactive lon etching or
ion milling.

The thickness of the resist layer is usually gradually
thinned through steps (E) and () and, in some cases, the resist
layer disappears at the end of step (F). In this case, the step
(G) of removing residual pertions of resist layer 1s unnecessary.

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

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



The invention will now be specifically described by the following examples. Examples 1-6 A glass
substrate for MD was placed in a vacuum chamber and the chamber was vacuumed to a pressure of
not higher than 1.0 x 10-5 Pa to remove the air. The glass substrate used was comprised of glass
ceramics haying a composition of Li2Si205, Al2032K20, Al203-K20, MgO-P205 and Sb203-Zu0, and
has an outer diameter of 65 =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 layer composed of

7000-5Cr-15PH 105102 alley &he pumeralsdmmediatelybefose the elwg%é@@@ﬂeﬂ@%@entﬁ by mole
of the ele ts) w 0 in this order b uttering. A.carbon laver was formed on the
magnetic%i%ﬁ %%/Ql §{ -éCE ' rr?é:rl,t]hﬂjeg C%é%%ﬁgcﬁv%alg%e% %& t%%ﬁgv%vlllﬁfge tﬁ%ﬂ%%%ses. FeCoB
soft magnétittirdéftays=Bonm R AterTsHate /et 29 nm), and magnetic layer: 15 nm. The carbon
layer had a thickness0af%40 rim in Example 1, 30 nm in Example 2, 20 nm in Example 3, 15rEnin

Example 4, 10 nm jn, Examples and 3,am.in Fxample 6:[00561 )4 Thepa S0z wesist layer with a

thickness of 100 rim was formed on the carbgn layer by spin-coating. 24 A gglass stamp having a
negative pafté toffespdhdity Blﬁ’legﬁﬁgirédfmaéﬁ%ti@%@%ﬂiﬁgjﬁéﬁ’é?nﬁaglﬁ §€8H-onto the resist
layer at a pressereiofd MPatabogt: 8.8 kyf/em2) Jhersaftentlse stanp wasisdparated $dm the resist

layer thereby transferring a netic recording-pattern-on the resist layer. The;thuss fransferred
magnetic reﬁordinq apvatt%rn had a configuration such that the elevations in the res?jst [ayer are circular
with a width 6f 120 Fiy, and the depressions i fhie rasist yRr ars cifsular witt s willth of 60nm. The
thickness efithe g&teriiad pasist fayerakasBO-haT aittifdthiekhess ofthédeprassetiportions of the
resist layerwas abeout 5iims I he depressed peortiens hag-ae angleofabout 99 degreessto the

SUbSUaKB%%QQ%%gn@tiC characteristics in the depressed portions in the
magnetic layer are reduced in contrast to the other portions
therect.

The uppermost surface of the magnetic layer, from which the
resicdual resist layer and the residual carbon layer have been
removed, and the depressed portions ¢f which have peen filled or
have not been filledwith a non-magneticmaterial, isusually coated
with a 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,
carbonaceous materials such as carbon (C), hydrogenated carbon
(HyC), nitrided carbon (CN), amorphous carbon and silicon carbide
(531C); and cther conventionally used materials such as SiC,, Zr-0:
and TiN. Two or more overccals may be formed.

[O050]

The thickness of the overccoat 500 1s below 10 nm. If the
thickness of the protective overcoat is 10nmor 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 cvercoat is usually carried out by a
sputter method or a CVD method.

[0051]

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

containing lubricant, a hydrocarboen lubricant or amixture therecof.



[0057] Thereafter, the depressed portions of the resist laver, and the corresponding portions of the
carbon layer were removed by dry etching. The dry etching conditions for etching the carbon layer
wereasfollows. 2 gas: 40 SCCIFL, pressure: 0.3 Pa, high-frequency plasma power: 300 W, DC bias:
30 W, and etching time: 30 seconds. Then a surfaéée layer portion of each of the corresponding
portions of the magnetic laver was removed by ion etching. The ion etching conditions for etching the
surface layerportionofmagneticlayer were: N2 gas: 10 scum, 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 argdepth of jahout 1 nmm-[0058]i cat Then igsiduakpesiens of themgsistdayer and residual
portions of.the carbon layer, which remained on the surface of the laminate structure, were removed
by dry etching. Thereafter the exposed surface of the magnetic layer was subj ected to ion milling to
remove a surface 1&yerhaving a thickness of about | nmto about 2nm. The ion milling conditions were
as follows. Ar gas:Tt:scems pressuren 05 Ra, andrime: b Seconds: Jihereaftes acprotective carbon

overcoat with a thickness of 5 mm was formedbya CVRymethod, and finally the laminate structure was

coated with a fluorine-containing lubricant to form a lubricating, with a thickness of 2 nm. Thus, the

manufactute bf & Thaghetictecorting: 25 HieliFnSvas coripleted J0658F ©IUSFRE electromagnetic
conversioregharactedstics oithermegmeticirecording eregiuns serel evatuatedady using aespin stand. Pl

vertical recording-head anc-a TwMRJeading heagh wereiged.fos the evalyation. ;Lhe electromagnetic
conversion.charajtc;eristics were determivnkecwy Jmeasuring 3T-squash at réecording a gi,gglal of 750
néasareent res 1 [0660] Crahp - By the Same

KFC1. The'Meéasurement résults are BRowri in T8bIE 1]
proceduredadidEsdrib&din Bxamiplen alhiaghieticre cortinty aiediung svhs produeed wherein, after the
formation of the-depressed regions with-p.depthiofabeut10Hundndhemagnetiedayersbut before the
removal by dry. etching of the residual portions of resist layer and the residual portions of carbon layer,
the expos?a{nol0 gﬁﬁﬁc%gtjgf t%ggnqggﬁ%t?éﬁ%%% ﬁ)vajfg sﬁbfgcitgg%‘ofee%ﬁo“slu% t?gafnagnrtn%eéfﬁ gas at a flow
rate of 10 &S Ehd d pressiife 6f0.5:Pa for 5°66¢6nds, and SUEEESSIVEN 1 &x5Bstre treatment with
02 gas at a flewrrate ofddhscam and apressureyof OdmPa forth senendsgAditatherneonditions remained

the same. 1hg results.of 3Tsquash measyrgment e shewnyin fable lre: i o neaq 27.

The magnetic recording~reproducing apparatus comprising the
combination of the above-menticned means can provide a high
recording density. More specifically, in the magnetic recording
medium of the magnetic recording-reproducing apparatus, the
magnetic recording tracks are magnetically discrete, and thersefore,
the recording head width and the reproducing head width can be
approximately the same size as each other with the result of
sufficiently high reproducing output power and SNR. This is in
a striking contrast to the conventional magnetic recording medium
wherelin the reproducing head width must bhe smaller than the
recording head width tominimize the influence of the magnetization
transition regilons in the track edges.

[0053]

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

When the head is floated at a fleoating height in the range
of 0.005 pm to 0.020um, which is lower than the conventionally
adeopted floating height, the output power is increased and the SNR

becomes large, and thus the magnetic recording apparatus can have



0061] Example 8 By the same procedures as described in Example 1, a magnetic recording
mediumowas produced wherein the thickness of the carbon layer was changed to 3 nm, the thickness
of the patterned resist layer was changed to 35 nng and the thickness of the depressed regions of the
patterned resist layer was changed to about 3 nmZ3Vhen surface layer portions of the magnetic layer
were removed by ion 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 layer became into a thickness of about 1 nm. Therefore, the procedure of removing the
residual pertionsgf resist layer and the residuabpottions of carbon layer was not carried out, although
said procedure was,carried gut n Fxample L. Thenhe.siace ol dhe, 26 magnelc jever was

nd t r

subjected to ion mil Ing to remove a surface layer portion, en, a protective carbon overcoat with

a thicknes& tf A riasYoririee By d CUD hiethG8T A GthéreonditibnsTtemalited Stibstantially the
same. Therresuttsiof3 Tsotash measusemertt are:showih #mdab)e Anf0G62L.EdMmpanative Example 1

By the sar{LiE pregedures as describgdinbxample. 1, aimagnetic secording medium was produced

wherein the carbon layer was not formed with all other conditions remaining substantially the same.

The result§dF 5760 035h Hhe@shfénént e Showit in Tabie 17 /ioe3) Fablelf Per ~neh

or a linear recording density of 1000 k-bit or more per inch, or
a high recording density of at least 100 G-bit or more per square
inch.
Examples
[0054]
The invention will now be specifically described by the
following examples.

Examples 1-6

A glass substrate for HD was placed in a vacuum chamber 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 composition of LisSi0., Al-0:-K.0,
A1:0:-Kz0, MgO-P:05 and Sby0s5-Zu0, and has an outer diameter of 65
mm and an inner diameter of 20 mm, and an average surface roughness
(Ra) of 2 angstroms.

[0055]

Cn the glass substrate, a scft magnetic underlayver composed
of Fe-Co-B, an intermediate laver composed of Ru and a magnetic
layver composed of 70Co-5Cr-15Pt-108i0; alloy (the numerals
immediately before the elements Indicate percents by mole of the
elements) were formed in this order by DC sputtering. 2 carbon
laver was formed on the magnetic laver by a P-CVD method.

The respective lavers had the following thicknesses. FeCoB
s0ft magnetic underlayer: 60 nm, Ru intermediate layer: 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 mm in Example 4.

[0056]

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

on the carbon layer by spin-coating.



Example No. Thickness of carbon layer (nrn) 3T squasch (%) Example 1 40 85 Example 2 30 86

24

A glass stamp having a negative pattern corresponding to the

desired magnetic recording pattern was pressed onto the resist

layer at a pressure of 1 MPa (about 8.8 kgf/cm?). Thereafter th

o

stamp was separated from the resist layer thereby transferring a
magnetic recording pattern on the resist layer. The thus-
transferred magnetic recording pattern had a configuration such
that the elevations in the resist laver are circular with a width
of 120 nm, and the depressions in the resist layver are circular
with a width of 60 nm. The thickness of the patterned resist layer
was 80 nm and the thickness of the depressed portions of the resist
layer was about 5 nm. The depressed portions had an angle of about
90 degrees to the substrate surface.

(00571

Thereafter, the depressed portions of the resist layer, and
the corresponding portions of the carbon laver were removed by dry
etching. The dry etching conditions for etching the carbon layer
were as follows. O gas: 40 scom, 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 2tching. The ion etching
conditicns for etching the surface laver portion of magnetic layer
were: Ny 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 residual portions of the resist laver and residual
portions of the carbon layer, which remained on the surface of the
laminate structure, were removed by dry etching. Thereafter the
exposed surface of themagnetic layer was subjected to ionmilling
to remove a surface laver having a thickness of about 1 nm to about
Z2rnm. The ionmilling conditions were as follows. Ar gas: 10 sccm,
pressure: 0.5 Pa, and time: 5 seconds. Thersafter a protective
carbon overceoat with a thickness of © 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 2 nm. Thus, the manufacture of a magnetic recording



Example 3 20 84 Example 4, 15 86 Example 5 10 85 Example 6 5 82 Example 7

25

medium was completed.

[0059]

The electromagnetic conversion characteristics of the
magnetic recording medium were evaluated by using a spin stand.
A vertical recording head and a TuMR reading head were used for
the evaluation. The electromagnetic conversion characteristics
were determined by measuring 3T-squash at recording a signal of
750 kFCL. The measurement results are shown in Table 1.

[0060]

Example 7

By the same procedures as described in Example 1, a magnetic
recording medium was produced wherein, after the formation of the
depressed regilons with a depth of about 10 nm in the magnetic laver,
but before the removal by dry etching of the residual portions of
resist layer and the residual portions of carbon laver, the exposed
surface of the magnetic layer was subjected to exposure treatment
with CFy gas at a flow rate of 10 sccom and a pressure of 0.5 Pa
for 5 seconds, and successively to exposure treatment with O, gas
at a flow rate of 10 sccam 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}

Exanple §

By the same procedures as described in Example 1, a magnetic
recording medium was produced wherein the thickness of the carbon
layer was changed to 2 nm, the thickness of the patterned resist
layer was changed to 35 nm, and the thickness of the depressed
reglions of the patterned resist laver was changed to about 3 nm.
When surface layer portions of the magnetic layer were removed by
ion 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 layer became
inte & thickness of about 1 nm. Therefore, the procedure of
removing the residual portions of resist layver and the residual
portions of carbon iayer was not carried out, although said

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



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 wherein a magnetic layer is foamed 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-floataldfity is ensured, and the magnetic recording pattern
is partitioned by the regions exhibiting excellent partitionability and the signal interferes occurring
between the adjacent partitioned regions in the pattern are suppressed, and

magnetic layer was subjected to ilon milling to remove a surface
layer portion, and then, a protective carbon overccat with a
thickness of 4 nm was formed by a CVD method. All other conditions
remained substantially the same. The results of 3T-sguash
measurament are shown in Table 1.

[0062]

Comparative Example 1

By the same procedures as described in Example 1, a magnetic
recording medium was produced wherein the carbon layer was not
formed with all other conditions remaining substantially the same.

The results of 3T-sqguash measurement are shown in Table 1.

[0063]
Table 1
Thickness of 3T-
Example No. i carbon layer squasch
{hm) (%)
Example 1 40 85
Example 2 30 86
Exampie 3 20 84
Example 4 15 86
Exampie b 10 85
Example 6 5 82
Example 7 40 90
Example 8 5 83
Com. Ex. 1 0 6o
Industrial Applicability
[00G4]

The magnetic recording medium produced by the method of the
present invention wherein a magnetic laver is formed on a
nen-magnetic substrate and then a magnetic recerding pattern is
formed on the magnetic layer, is characterized in that good and
stable head-floatabllity 1s ensured, and the magnetic recording
pattern 1s partitioned by the regicns exhibiting excellent
partitionability and the signal interferes occurring between the

adjacent partiticned regions in the pattern are suppressed, and



27 that a high recording density can be achieved. The magnetic recording/reproducing apparatus
of the present invention is equipped with the above-mentioned magnetic recording medium, and thus,
the apparatus exhibits good head-floatability, and the magnetic recording pattern is partitioned with
excellent partitionability and the signal interferes dtfcurring between the adjacent partitioned regions
are suppressed, and thus, the apparatus has high recording density characteristics. 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 magnetically
partitioneduggerding:pattera-camprsingmagnetiesrecerding-tragks and a servo signal pattern. The
method of produciag the, magnelc recarding, medium.is smple and sasy. ZACLAIMS . 1. A
method for producing :—i‘m%gnetlc recording editm ﬁavmg a n‘%gneficalfi/ pértlti%n%%i magnetic
recording pattemtonatiatt ohe sirfatelof & hommagrieticisubistrate: Eharacterizsd By tomprising the
following siepsi (#), thretigth(f), catriediopit ik this ardetbits (A)@ steplof ferminga magnetic layer on
a non-magneficsubsitete. . -(Bkasian ollorning acaban aysran hemagnerq lyyer, (@) a

step of foLating a resis IayeL on the carbonlayer, % step of formln% a negative pattern of the
magnetic regrding Pattern o tRE eb 15y8Fial interieres occurring

adjacent partiticned regions are suppressed, and thus, the

stween the

apparatus has high recording censity characteristics.

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 & magnetically partitioned recording pattern comprising
magnetic recording tracks and a servo signal pattern. The method

of producing the magnetic recording medium is simple and easy.



(E) a step of removing portions of the resist layer and portions of the carbon layer in regions
corresponding to the negative pattern of the magnetic recording pattern, (F) a step of removing a
surface layer portion of the magnetic layer in each region corresponding to the negative pattern of the
magnetic recording pattern, and then, (F ) a 8&p of exposing each region of the magnetic layer,
which has been exposed by the removal of the surface layer portion of the magnetic layer in step (F) ,
to a fluorine-containing gas ion and then an oxygen gas ion in this order. 2. The method for
producing a magnetic recording medium according to claim 1, wherein the carbon layer formed on the
magnetic layer in step (B) has a thickness in therrange of 5 nm to 40 nm. 3. The method for
producing a magnetic recording medium according to claim 1, wherein the sli-rf ace layer portion of the
magnetic layer to be removed has a thickness in the range of 2 nm to 15 nm. 4. The method for
producing a magnetic récprdinghiediMrosttorting G ang ohe Tietiitiag wsSiwhersiAHe removal of

said at leagf thecsiartace: layeraertion ehihe magreliclayerdreten g&tern (G ia@aréj@gitout by a
reactive ion m'”'rwl%i?é areact ctlve |or‘%L ﬁe}ft‘lching ub ;a'tI;Qe Pj? QQQJ&%@%‘{%{‘Q&\#}% recording
clams

medium accordlng 0 any one 0 iherein the formation of t i%att rn of the

magnetic réé@rdﬁﬁgliéﬁﬁéﬂ%oﬁttﬁﬁsreé@t I§9€Ph"9§te[§5’(b)‘?§%’é%ﬁ@d%tﬁ W“tr&ﬁéf"er% fhg using a

stamp. 6. The(method{ep pedd deingiamagneifrecoedibgyme dinmsaceatdingta=aty one of
claims 1 tos"my\gy' Qggrther comprises: (G) a step of removing residual portions of the resist layer
and residual portions of the carbon layer after step (F') 7. The method for producing a magnetic

recording medium a€PoRIRGTD ShikPEIWREEIT BT rESREIEe PR fdtmBGFENT HoSi@Fhaterial or a
Si02-containing mateétiakinsstep (&) famdithg residesl porfienysof dne Taebortbyer amyremoved by dry

etching using 02 gagin $1epdG) of forming a negative pattern of the magnetic
recording pattern on the resist layer,

(E) a step of removing porticns of the resist layer and
portions of the carbon layer in regions corresponding to the
negative pattern of the magnetic recording pattern,

(F) a step of removing a surface layer portion of the magnetic
layer in each region corresponding to the negative patterm of the
magnetic recording pattern, and then,

(F ) a step of exposing each region of the magnetic layer,
which has been exposed by the removal of the surface layer portion
of the magnetic layer in step (¥F), te a fluorine-containing gas
ion and then an oxygen gas ion in this order.

2. 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 a magnetic recording medium
according to claim 1, wherein the surface layer portion of the
magnetic layer to be removed has a thickness in the range of 2 nm
to 15 nm.

4. The method for producing a magnetic recording medium
according to any one of claims 1 to 3, wherein the removal of said

at least the surface layer portion of the magnetic layer in step



8. The method for producing a magnetic recording medium according to claim 7, which further
comprises: (H) a step of, after step (G), etching the surface layer portion of the magnetic layer by
using an inert gas. 9. A magnetic recording reproducing apparatus characterized by comprising,
in combination, the magnetic recording medium praguced by the method as claimed in any one of
claims 1 to 8; 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 inpytting signaldg the-magnetic headiand for repredicing output signal from the
magnetic head: tcning.

5. The method for producing a magnetic recording medium
according to any one of claims 1 to 3, 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.

6. The method for producing a magnetic recording medium
acc'ording to any one of claims 1 to 3, which further comprises:

{G) a step of removing residual portions of the resist layer
and residual portions of the carbon layer after step (F ).

7. The method for producing a magnetic recording medium
according to claim &, wherein the resist layer is formed from a
$10, material or a SiC,~containing material in step (C), and the
regidual portions of the carbon layer are removed by dry etching
using C; gas in step (G).

8. The method for producing a magnetic recording medium
accordirig to claim 7, which further comprises:

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

8. A magnetic recording reproducing apparatus
characterized by comprising, in combination, the magnetic
recording medium produced by the method as claimed in any one of
claimsg 1 to 8; 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 tc the magnetic recording medium; and
a recording-and-reproducing signal treating means for inputting
signal to the magnetic head and for reproducing output zignal from
the magnetic head.



