1 DESCRIPTION Method for Producing Magnetic Recording Medium and
Magnetic Recording and Reproducing Apparatus Technical Field [0001]
This invention relates to a process for producing a magnetic recording
medium used for a magnetic recording and reproducing apparatus such
as a hard disk apparatus. It further relates to a magnetic recording and
reproducing apparatus. Background Art [0002] In recent years, magnetic
recording apparatuses such as a magnetic disk apparatus, a flexible disk
apparatus and a magnetic tapesapIaratusiare widely used with their
importance being increasing. Recording density of a magnetic recording
medium used_ in the magnetic recording apparatus is greatly enhanced.
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macgnetic disk apparatus, a flexible disk apparatus and a magnetic
tape apparatus are widely used with their importance being
increasing. Recording density of 2 magnetic recording medium used
in the magretic recording apparatus is greatly enhanced.
Especially, since the development of MR head and PRML technique,
the areal recording density is more and more increasing. Recently
GMR head and TMR head have been developed, and the rate of increase
in the areal recording density is asbout 100% per year. There is
still increasing a demand for further enhancing the recording
density, and therefore, a magnetic layer having a higher coercive
force, and a higher signal-to-noise ratio (SNR) and a high
resolution are eagerly degired.

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.

[0003]

In a recent magnetic receording apparatus, the track density
has reached about 110 kTPI. However, with an increase of the track
density, magnetic recording informaticn is liable to interferring
with each other between adjacent tracks, and magnetization
transition regions in the boundary regions thereof as a noise source

tend to impair the SNR. These problems result in lowering in bit



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
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[0008B]

To reduce the heat fluctuation, maintain the desired 8NR and
obtain the desired reproduction output, a propcsal hag been made
wherein elevations and depressions are formed, which extend along
the tracks on a surface of a magnetic recording medium, so that
each of patterned tracks on the elevations is partitioned by the
depressions whereby the track density is enhanced. Thig type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technique for providing this type of magnetic
recording media is hereinafter referred to as a discrete track
method.

Further, anattempt is being made for dividing the data region
in the same track, i.e., providing patterned media.

An example of the discrete track medium is a magnetic
recording medium disclosed in patent document 1, which is made by
providing a non-magnetic substrate having a patternwith elevations
and depressions formed on the surface thereof, and forming a



recording tracks and servo signal patterns (see, for example, patent
document 1). [0007] The above-mentioned magnetic recording medium
has a multilayer structure such that a ferromagnetic layer is formed via a
soft magnetic underlayer on the nongmagnetic substrate having the
pattern with elevations and depressions formed on the surface thereof,
and an overcoat is formed on the ferromagnetic layer. The magnetic
recording pattered regions form magnetic recording regions on the
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The discrete track method includes two type of methods: a
first type is drawn to a method wherein tracks are formed after
the formation of a multilayer magnetic recording medium comprising
several laminated films; and a second type is drawn to a method
wherein patterns having elevations and depressions are formed
directly on a substrate or formed on a £11lm layer for forming tracks
therecon, and then a multilayer magnetic recording medium ig formed
using the pattermed substrate or the patterned film layer (see,
for example, patent document 2 and patent document 3}.

[0008]

Another discrete track method has been proposed in patent
documents 4, 5 and 6. In the proposed method, a previocusly formed
magnetic layer is, for example, subjected to an implantation of
nitrogen ion or oxygen icn or irradiated with laser whereby regions
having medified magnetic properties and partitioning magnetic
tracks in a discrete track medium are formed.

Further, a method of producing a magnetic recording medium



patent document 7). Further, another method for forming a magnetic
pattern has been proposed in patent document 8, which comprises a step
of exposing regions of the surface of a ferromagnetic layer to a
halogen-containing reactive gas wheyreby Coo contained in the
ferromagnetic layer in a discrete track medium is halogenized in said
exposed regions of ferromagnetic layer to be thereby rendered
non-ferromagnetic. [0009] Patent document 1 JP 2004-164692 Al Patent
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For the producticn of the above-menticned discrete track
media and patterned media, which have a magnetically partitioned

magnetic recording pattern, there is often adopted a step of
exposing portions of a magnetic layer to a reactive plasma or a
reactive ion using oxygen or a halogen.

The present inventors have found that the formation of a
magnetic recording pattern using the reactive plasma or the
reactive ion has problems in that the modification of the magnetic
properties in specific regions of the magnetic layer requires a
substantially long time and therefore the productivity is reduced,
and further, each modified region spreads out with an increase in
depth, and consequently, a desired clear pattern is difficult to
form and the image of pattern often becomes blurred.

[c011]



between a reactive plasma or a reactive ion and the regions of the
magnetic layer which magnetically partition the magnetic recording
pattern, and an image of magnetic recording pattern does not become
blurred. Means for Solving the Problems [0012] Researches, made by the
inventors, for achieving the above-mentioned object revealed that the
above-mentioned improved magnetic recording medium can be produced
by the following methods. Thus, the present invention has been
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hamedianmagnetically partitioned magnetic recording pattern,
characterized by comprising a step of forming a magnetic layer on
anon-magnetic substrate, which layer contains an oxide in an amount
in the range of 0.5 atomic % to 6 atomic %, based on the magnetic
layer; and a step of exposing regions of the magnetic layer, which
magnetically partition the magnetic recording pattern, to a
reactive plasma or a reactive ion.

[0013]

(2} The method for producing a magnetic recording medium
as mentioned above in (1), wherein the magnetic layer containing
0.5 atomic % to 6 atomic % of an oxide has a non-granular structure.

(3) The method for producing a magnetic recording medium
as mentioned above in (1} or (2), wherein the magnetic layer
containing 0.5 atomic % to 6 atomic % of an oxide ig an in-plane
orientated magnetic layer.

(4) The method for producing a magnetic recording medium
ag mentioned above in any one of (1) to (3), wherein the oxide is
at least one oxide selected from the group consisting of S10,, Ti0.,
WOz, WO, and Cr.0s.

[0014]

(5) The method for producing a magnetic recording medium



as mentioned above in (5), wherein the halogen ion is a halogen ion
produced by introducing at least one gaseous halide selected from the
group consisting of CF4, SF6, CHF3, CC14 and KBr into the reactive
plasma or the reactive ion. (7) The mgethod for producing a magnetic
recording medium as mentioned above in any one of (1) to (6) , which
further comprises a step of, after the step of exposing said regions of the
magnetic layer to a reactive plasma or a reactive ion, exposing said
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(9) The method for producing a magnetic recording medium
as mentioned above in any one of (1) to (7), wherein surface layer
portions in said regions of magnetic layer to be exposed to a
reactive plasma or a reactive ion are removed, and then, the surface
portions of the magnhetic layer which have been newly exposed by
the removal of the surface layer portions, are exposed to a reactive
plasma or a reactive iomn.

(10} The method for producing a magnetic recording medium
as mentioned above in (9), wherein the removal of the surface layer
portions in said regicns of magnetic layer to be exposed to a
reactive plasma or a reactive ion is effected to an extent such
that surface layer portions having a thickness in the range of 0.1
to 15 nm are removed.

[0016]

{11) The method for producing a magnetic recording medium
as mentioned above inany one of (1) to {10), which further comprises
a step of, after the step of exposing said regions of the magnetic
layer to a reactive plasma or a reactive ion, irradiating with an

inert gas a surface at least in said regions of magnetic layer having



apparatus. (12) A magnetic recording and reproducing apparatus
characterized by comprising, in combination, the magnetic recording
medium produced by the method as mentioned above in any one of (1) to
(11) ; 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

pedfcardingand-repraducing signal treating means for inputiipg signal to
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According to the present invention drawn to a method for
producing a magnetic recording medium, a magnetic recording pattern
having a high precisicn can be formed on a magnetic recording pattern
with a high efficiency. Therefore, a magnetic recording medium
exhibiting high electromagnetic conversion characteristics and

having a high recording density can be produced with an enhanced
productivity.

Brief Degcription of the Drawings

[0018]

Fig. 1 illustrates a cross-section of one example of a
laminate structure comprising a substrate and a magnetic layer in
the magnetic recording medium produced according to the present
invention.

Flg. 2 illustrates a cross-section of another example of a
laminate structure comprising a substrate and a magnetic layer in
the magnetic recording medium produced according to the present
invention.

Fig. 3 is a flow-sheet of the first-half steps for producing
a magnetic recording medium according to the present invention.

Fig. 4 is a £low-sheet of the second-half steps for producing



Reference numerals: [0019] In Figs. 1, 2, 3 and 4, 1 Non-magnetic
substrate 2 Magnetic layer 3 Mask layer 4 Resist layer 5 Stamp 6 Milling
ion 7 Region from which surface layer portion of magnetic layer have
been partially removed d Depth of region from which surface layer portion
of magnetic layer has been partially removed, i.e., thickness of removed
surface layer portion of magnetic layer. 8 Depression in resist layer,
formed by pressing 9 Protective overcoat 10 Reactive plasma or reactive
a ragzenéueege%%al aanetically lediiedregion o depaanetized regiog,
27 Surface of magnetic layer 23 Surface exposed by removal of surface
layerBsHion 23 BeBrRATIEN 1 KK AGRBIE eih FARABhEtC
reqesdidigg yeterdut Widthrpbnetwiagaete tegiontia rmagnetiesecording
impatteraAn Fig. 5, 30 Magnetic recording medium 31 Magnetic head 32
Recaording-reproducing signal system 33 Head-driving part 34
Med%?nggﬁelrg%epgﬁn% asg'netic recording medium 9 Best Mode for
Carryif§ 3t the Invention [0020] The present invention is concerned with
a methodigrs praducing3a saggregtic recording medium having a

magnetigally pariiened magpelic recording pattern, characterized by
2 Magnetic layer

Masgk laver

Resgist layer

Stamp

Gy U W

Milling ion

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

d Depth of region from which surface layer portion of
magnetic layer has been partially removed, i.e., thickness of
removed surface layer portion of magnetic layer.

8 Depression in resist layer, formed by pressing

9 Protective overcoat |

10 Reactive plasma or reactive ion

11 Inert gas

21 Magnetically modified region or demagnetized region

22 Surface of magnetic layer

23 Surface exposed by removal of surface layer portion

24 Depression

W wWidth of magnetic region in magnetic recording pattern

L Width of non-magnetic region in magnetic recording
pattern

In Fig. 5,

360 Magnetic recording medium

31 Magnetic head

32 Recording-reproducing signal system

33 Head-driving part

34 Medium-driving part

30 Magnetic recording medium



comprising a step of forming a magnetic layer on a non-magnetic
substrate, which layer contains an oxide in an amount in the range of 0.5
atomic % to 6 atomic %, based on the magnetic layer; and a step of
exposing regions of the magnetic layer, which magnetically partition the
magnetic recording pattern, to a reactive plasma or a reactive ion; said
two steps being conducted in this order. [0021) The inventors have found
that, in the case when the magnetic layer contains an oxide in an amount
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reactivity of the magnetic Ia%(;r with a reactive plasma or a reactive ion
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ion, magnetic characteristics in the negative regions of the mask
pattern (i.e., the regions partitioning a magnetic recording
pattern to be formed on the magnetic layer) can be modified or
demagnetized within a short period of time. Furthermore, when the
magnetic layer contains an oxide, a pattern formed at the exposure
to a reactive plasma or a reactive ion is sharp and the resulting
magnetic recording pattern has an enhanced precision. When the
amount of oxide is lower than C.5 atomic %, the reactivity does
not increase to any appreciable extent. In contrast, when the
amount of oxide is larger than 6 atomic %, the image of pattern
tends to be blurred.

[0022]
In the case when a magnetic layer has a granular structure,

the reactivity of the magnetic layver with a reactive plasma or a
reactive ion tends to undesirably increase and the reacted regions
extend too broad with the regult that a pattern formed at the
exposure to a reactive plasma or a reactive ion is liable to be

blurred. In general a magnetic layer having a granular structure



a non-granular structure, the magnetic crystal grains are not covered with
the oxide. This is in contrast to the magnetic layer having a granular
structure wherein the magnetic crystal grains are generally covered with
the oxide. [0023] The inventors havesfound further that, in the case when
the magnetic layer containing 0.5 to 6 atomic % of an oxide is an in-plane
orientated magnetic layer, the pattern formed at the exposure to a
reactive plasma or a reactive ion is more sharp than the pattern formed

co¥Ren & magnefisdayar saniaining-0-b.10.6 AtQMIE, % of aonpxide is a
perpendicularly orientated magnetic layer. It is presumed that the )
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stplasiiecobadaastve igha Mok apecifisallyrpdbecasewhen berdagneticy
C ini t ic 9 an oxide i in-pla ientated .
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are dener covare oxide .
FoHreac erIasma oF & reactive ion becomes sharp. It is further

presurfiBdhat the reaction of magnetic grains with a reactive plasma or a
reactivie= ionnceedsinve statenaf piisand-rceanformity vdthdbe paiternthe

ma%gar@ﬂy i@&@.ﬂ @5&&%@&9 %ti%qez; 8 sharp magnetic 5@&%@5@ aﬂaﬂ?-fg e

e magnetic layer, [0024] In the present invention, the oxide contain
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a rpauplicensistampod SO 2RO W020W 08 and €208p viean afliighattern
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oxid 20 ioh sharppiess o the pattern formed at lhe expaplire therelo. The
reactive pl STha of the Teactive 16n pre]%ra y contains. a ﬁlgl%gen Ion."The
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re@ﬂggi%g%% %@g IM&HHQ %etfw.e%(:gg%@@%aplasma or a reactive ion.
More specifically, in the case when the magnetic layer containing
0.5 to 6 atomic % of an oxide is an in-plane orientated magnetic
layer, the reaction of the grains with a reactive plasma or a
reactive ion proceeds predominantly in the thickness direction
(i.e., perpendicular direction) of film thickness, and the rate
of reaction in the directions normal to the thickness direction
is slower than that in the thickness direction, with the result
that the pattern formed at the exposure to a reactive plasma or
a reactive ilon becomes sharp. It is further presumed that the
reaction of magnetic grains with a reactive plasma or a reactive
ion proceeds in a state of pits and in conformity with the pattern
thereby leading to the formation of a sharp magnetic recording
pattern on the magnetic layer.
[0024]
In the present invention, the oxide contained in the magnetic
layer is preferably at least one oxide selected from the group
consisting of 8iC;, Ti0,, WO,, WO; and Cr.0; in view of high reactivity

of the magnetic layer with a reactive plasma or a reactive ion,



[0025] The production method of the present invention preferably further
comprises a step of, after the step of exposing the regions of the
magnetic layer to a reactive plasma or a reactive ion, exposing said
regions of magnetic layer having been exposed to a reactive plasma or a
reactive ion, to an oxygen plasma. This treatment of exposing to a
oxygen plasma results in a magnetic recording pattern having regions
with more clearly modified magnetic characteristics. [0026] The method

ancd®hhg-Presantlaventiondor producing acmagnelic ¢ReAdBGMadivmL ot o,
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prefer[QBI%Sthat surface layer portions in the regions of magnetic layer to
be exjfizsatt talaceactivegiihsmhadr ehegrtivesion arsresmove ding ferably
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mageattive imaee peefesablystreated so that surface 12 layer portions in the
regiong@isnagnetic layer are removed by, for example, ion milling, and
then, the surface p ns of the ma netl la er. WhICh ve been newl
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resoagiietiCpattern is characterized by comprising a step of forming
the above-mentioned magnetic layer on a non-magnetic substrate,

and a step of exposing regions (surface portions) of the magnetic
layer, whichmagnetically partition the magnetic recording pattern,
to a reactive plasma or a reactive ion; wherein the two steps are
conducted in this order.

It is preferable that surface layer portions in the regions
of magnetic layer to be exposed to a reactive plasma or a reactive
ion are removed by, for example, ionmilling, and then, the surface
portions of the magnetic layer which have been newly exposed by
the removal of the surface layer portions, are exposged to a reactive
plasma or a reactive ion.

It is also preferable to conduct a step of, after the step
of exposing the regions of the magnetic layer to a reactive plasma
or a reactive ion, irradiating with an inert gas a surface at least
in said regions of magnetic layer having been exposed to the reactive
plasma or the reactive ion.

[0027]

The regions of the magnetic layer to be exposed to a reactive
plasma or a reactive ion are preferably treated go that surface



characteristics (or the demagnetized regions) for partitioning a magnetic
recording pattern are formed. [0028] The structure of the magnetic layer
with the regions having magnetic characteristics modified, or the regions
demagnetized, by the exposure to ageactive plasma or a reactive ion is
illustrated in Fig. 1 and Fig. 2. The structure illustrated in Fig. 1 has
magnetically modified regions or demagnetized regions 21 in the
magnetic layer 2 formed on a non-magnetic substrate 1, which regions 21

12,48 fomedfy we&gswéigﬁlgva&g ﬁéﬂé@éﬁﬂ@y%,?%'%of:%ved by,

magnetic layer 2 and then expoaﬁgt e surface portions 23, newl
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are'formed by a progess of X Bosm sur}faceqlayer por?ons
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magutettieatraent-@f igmming the susfapedayar. portions. [0029] In Fig. 1 and
Fig. Z[Otgggr}eference numerals indicate the following parts or elements. 1
Non-magnetic substrate 2 Magnetic la é%ljer 21 Magnetically modified

regiohsof BEHAGHSISad TRGiBRI™SS Surtaed hoftions Bt fagetiey ing
madzaedr iiichraetsepardted owpgadiitishedby the magneticalienamiifdéd zed,

by FEHMIERE dRMR0ASIZAL FREIgNS 242 3:SHHER POMEONS£XRAsed:BY rated

rgmovaibof s&rfgace layer portions of the magnetic layer 24 Depressions
in
form y removgl of surface Iayer%)]ortlons 13 of the magnetic layer W

referd §6 WiBHH 6 F Higg netitilgionsth dmBgfetic rB8srdidgrsatem. Bhd L
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2 %&Mf%ﬁ@@%&%l@&@{f@%ﬂg&geé and b i$.preferablnot larger than

100 nm, and tthS a track
by 'a process of removing surface layer portions of the magnetic

layer 2 and then exposing the surface portions 23, newly exposed
by the removal of the surface layer portions, to a reactive plasma
or a reactive ion. .

The structure illustrated in Fig. 2 has magnetically
modified regions or demagnetized regions 21 in the magnetic layer
2 formed on a non-magnetic substrate 1, which regions 21 are formed
by a process of exposing surface layer portions of the magnetic
layer 2 toa reactive plasma or a reactive ion, without pre-treatment
of removing the surface layer portions.

[0029]

In Fig. 1 and Fig. 2, the reference numerals indicate the
following parts or elements.

1 Non-magnetic substrate

2 Magnetic laver

21 Magnetically modified regions or demagnetized regions

22 Surface portions of the magnetic layer, which are
separated or partitioned by the magnetically modified regions or
demagnetized regions 21

23 Surface portions exposed by removal of surface layer
portions of the magnetic layer

24 Depressions formed by removal of surface layer portions



pitch (i.e., the sum of W + L) is not larger than 300 nm. [0030]
Researches, made by the inventors, revealed that the surface layer
portions in the regions of the magnetic layer which have been exposed to
a reactive plasma or a reactive ion, ate oxidized or halogenated by the
reactive plasma or reactive ion using oxygen or a halogen, and thus, the
exposed surface portions of the magnetic layer are activated, and
consequently, the environmental resistance of a resulting magnetic
of regerdingraediumften becomes deteriorated. More specifically,
magheligipetal graing 3ush as.coball gralng, activated by the exposire.tg
a reactive plasma or a reactl\/.eq ion, tend to mlgra?e an ar‘fly prcﬁru e 9
PaYERth RS face ST PrétR ciiveldarBbnete a6 the TRagRBAC in the
mageedidingenedilime upaler drgh-temperatue enadighsbuniidityeondition 00
nm, 288 @ccasiopally cause jnjwty 0.a-head b a hard digk diyeinibe o crack

. production process according to_the present jnvention,  the magnetic
p1 5{/1erl(,j%/\‘/ﬁith A HBER ddtivAted Bg the SXitatéh %?rhﬁﬁag%n%?igrf\ﬂ}ith the
reacth®® pfdsma or reactive ion, is preferably exposed to an inert gas
irradipdioss afleoNsaquantLhéhermagnetic layerds stabitizgd @1?@ eface
lgratian. i I i e cur-Qr occurs. o Qf
L e o een
eXHBB3Y] 1By & TBM A HRagHATT R i dth g pafEfY<ad tRedFhghRidized or
halspeeikicaiivls Meanteamagreticlesmdng pateimniirea Broadserseoxygen
or Whighdpelvdg patterned ER@CE%E‘!&%@ i&ﬁ@&@@%%ﬂ@%@%ﬁ@ﬁégﬁ@t ic

arranged with, a certain reqularity per bit; media wherein magnetic
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recording pattern involves magnetic recoding tracks and Servo signa

® YHAfEME fooB2f kst AikkirRy theymagivetic Fet Brlirg mBtAfcS
of aceordisgta tee prebent ventioatwihbelspetificallyidesedbeding medium
under high-temperature and high-humidity conditions, and
occasiocnally cause inijury to a head of a hard disk drive.

In the production process according to the pregent invention,
the magnetic layer, which has been activated by the oxidation or
halogenation with the reactive plasma or reactive ion, is
preferably exposed to an inert gas irradiation, and consequently,
the magnetic layer is stabilized and the migration of magnetic metal
grains does not occur or occurs only to the minimum extent under
high-temperature and high-humidity conditions.

[o031]

By the term “magnetic recording pattern” as used in thig
specification is meant a magnetic recording pattern in a broad sense
which include patterned media wherein magnetic recording patterns
are arranged with a certain regularity per bit; media wherein
magnetic recording patterns are arranged in tracks fashion; and
servo signal patterns.

The process 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



with reference to the accompanying Fig. 3 and Fig. 4. The magnetic
recording medium made has a multi-layer structure as illustrated in, for
example, step | in Fig. 4, which comprises a hon-magnetic substrate 1, a
magnetic layer 2 formed on the subistrate 1 and having a magnetic
recording pattern, and an overcoat 9, which are formed in this order. In
the magnetic recording medium produced by the process of the present
invention, optional layers other than a non-magnetic substrate 1, a

parBagnetedayemeand aaueIcagthcanhe ARRFRLAtely AEANgetscoding
cordln to the need Thus soft magnetlc underlayer and an
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The non-magnetic substrate 1 used in the present invention
is not particularly limited, and, as specific examples thereof,
there can be mentioned aluminum alloy substrates predominantly
comprised of aluminum such as, for example, an Al-Mg alloy
substrate; and substrates made of ordinary soda glass,
aluminogilicate gilass, glase ceramics, silicon, titanium, ceramics,
and organic resins. Of these, aluminum alloy substrates, glass
subgtrates such as glass ceramicg substrate, and silicon subgtrate
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 mm, and especially preferazbly not larger than 0.1 nm.

[0C34]

The magnetic layer 2, formed on a surface of the
above-mentioned non-magnetic substrate 1 in the method of the
present invention is characterized as containing 0.5 atomic % to
6 atomic %, based on the magnetic layer, of an oxide. The magnetic

layer is preferably formed from an alloy predominantly comprised



the grain boundaries. The magnetic layer containing an oxide further
includes a magnetic layer comprised of an oxygen-containing alloy
formed by combining an oxygen atom directly with a magnetic alloy, such
as, for example, CoCrPt-O. [0035] As specific examples of the oxide
incorporated in a magnetic alloy, there can be mentioned Si02, TiO2,
W02, W03, Cr203 and Ta205. These may be used in combination.
Researches made by the present inventors revealed that CoO could not
of eég@&[‘[p@ to the desired extent the reactivity of the magnetic layer with a
reac plasma ora reactlve ion. It is |J1}g%esumed that the hond between
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[0036]

The oxygen-containing magnetic alloy constituting the
magnetic layer containing an oxide preferably includeg
oxygen-containing cobalt alloys, which are prepared by combining
a ccbhalt alloy such as Colr, CoCrPt, ColrPtE, CoCrPtB-X or
CoCrPtB-X-Y (X represents an element such as Ru and W, and Y
represents an element such as Cu and Mg), with an oxide selected
from the above-menticned oxides. As specific exampleg of the
oxygen-containing cobalt alloys, there can be mentioned CoCrPt-0,
CoCrPE-510;, CoCrPt-CryC;, CoCrPt-Ti0;, CoCrPt-Zr0., ColrPt-Nb.Os,
CoCrPt-Ta,0s, ColrPL-Al.0;, CoCrPt-B,0;, ColrPL-WO, and CoCrPt-WO;.

[0037]

in the case when the oxygen-containing magnetic layer has
a granular structure wherein a magnetic alloy and an oxide are
present as discrete particles, the reactivity of the magnetic layer
with a reactive plasma or a reactive ion tends to increase to
undesirably large extent with the result that a pattern formed at

the exposure to the reactive plasma or the reactive ion is liable



the method of the present invention is preferably a hexagonal
close-packed (hcp) structure. In the magnetic layer having a hexagonal
close-packed structure, its (002) crystal plane is occasionally orientated in
the direction parallel to the surface ©of substrate, i.e., the crystalline ¢ axis
(J002] axis) is occasionally orientated in the perpendicular direction
thereto. In such a perpendicular magnetic layer, when the magnetic layer
contains 0.5 atomic o to 6 atomic o of an oxide, the reactivity of the
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thSURSIARe of substrate. Therefore, the magnetic layer formed
in the method of the present invention is prefersbly an in-plane
orientated magnetic layer. It isalsopreferable that the magnetic
layer has a multi-laver structure comprised of an upper magnetic
layer which is an in-plane orientated magnetic layer, and a lower
magnetic layer which is a perpendicularly orientated magnetic
layer.

[ocz29]

The orientation direction of the crystalline ¢ axis in the
magnetic layer can be evaluated by the half value width A (delta) 8530
of a rocking curve, which is determined as follows. A magnetic
recording layer formed on a substrate ig analvzed by X-ray
diffractometry, i.e., the crystal face which is parallel to the
substrate surface is analyzed by scanning the incident angle of
X-ray. In the case when the magnetic layer has a hexagonal
close-packed (hep) crystalline structure as mentioned above, the
diffraction peaks corresponding to the crystal face are observed.
In the case of perpendicularly orientated magnetic layer comprising
a ccbalt alloy, the crystalline c axis ([002] axis) in the hcp



surface while a Bragg angle diffracting the (002) crystal face is
maintained. The diffraction intensity of the (002) crystal face relative to
the angle at which the optical system is inclined is plotted to draw a
rocking curve with a center at a swurg angle of zero degree. If the (002)
crystal faces are in parallel with the substrate surface, a rocking curve
with a sharp shape is obtained. In contrast, if the (002) crystal faces are
broadly distributed, a rocking curve with a broadly widened shape is

staRiained. Thus, 1hacrystal oreptation frerpendigianarentation Ot «he
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[0041)oT4He)magnetic layer is usually formed by a sputtering method. The

magnRgtic layer %%@Qaﬁaéﬁ@&k%%mﬁ £aRge Qf 3 DI 2A Mt rate

preferably 5 nm to 15 nm. The thickness ofthe maL(I:;netlc layer is ,
SUHREmifEd SATIESRRREHy Hightirptt 5 5hfpd0ead petiers fhels
ma pitaibeedin cohsidErafivadfihs kindotsnagneficthioy @iel thepaild-lajece
re Bichdre:d hednagpeticlayenhas a Hhickness:of aljeashcedaimyalie-s0: 5

s to dOQtaiQ an output power of at Ieascthcertain level a£ reproduction.
plorted €O draw a YoCokKIing. cul with a center at a swund angle of

OWevVver, parameters refégflng fo the recordaﬁlon-reproductlon .
zeEh£igetetfticstarégenePaly deieticratéashth akancreR3ED 1R Jliphtthe
sulpewert <l hergtore an apthimythicknessielhimaghete [ayepehotldies ined.

n GA9SER, 11 consideration, af the-outpuit poweL anptne Lecordaliont i putred,

reproduction characteristics. [0042] The process for producing the
2 Trsgidc RESING Mediuft SBCtofdif [ Srédnt ifvéirichass -
specifibay dxenmplifiethih cEigettand Fiy (desormprsesiiive follbring stapsor
inépmﬁégbﬂieﬁﬁﬁﬂ_@fﬂtegﬂmﬁi@ ﬁaéﬁe@i%?ffa%ﬁ@ faﬁﬂg]@lﬂ@ﬁ{ﬁg&@c@i%n
n a non- netic. substrate tep B r a mask layer 3 on the
o e C o iy autTaue o s o e e

Thestgfa b ¥raristefting a felgitive Mdgnefiesreeaiding patgnhigher the

perpendicular orientation.

[0C41]

The magnetic layer is usually formed by a sputtering method.

The magnetic layer usually has a thickness in the range of
3nmto 20 nm, preferably 5mmto 15nm. The thickness of the magnetic
layer is determined so that sufficiently high input and output head
powers can be obtained in consideration of the kind of magnetic
alloy and the multi-layer structure. The magnetic layer has a
thickness of at least certain value so as to obtain an cutput power
of at least certain level at reproduction. However, parameters
relating to the recordaticn-reproduction characteristics are
generally deteriorated with an increase of the ocutput power.
Therefore an optimum thickness of magnetic layer should be chosen
in consideration of the ocutput power and the recordation-
reproduction characteristics.

[0042]

The process for producing the magnetic recording medium
according to the present invention as specifically exemplified in
Fig. 3 and Fig. 4 comprises the fcllowing steps A through I.

As illustrated in Fig. 3,



onto the resist layer 4 by using a stamp S. The negative magnetic
recording pattern refers to a negative pattern having depressions formed
on the resist layer, which depressions have been formed in the regions
for separating recording tracks form&tl on the magnetic layer. The arrow
in step D in Fig. 3 refers to the direction in which the stamp 5 moves.
Step E of selectively removing the portions of the mask layer 3, which
portions form depressions corresponding to the negative pattern of the
magsetp recartling pattesn asnluskated estep D.dn thercasenabrsatibe
sudgsistlayer partially remains in the depressions in step D, both of the
residual resist layer 8 and the mask layer 3 in the depressions are
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As illustrated in Fig. 4,

Step F of exposing to milling icn 6 the depressions of the
surface layer of magnetic layer 2, corresponding to the regions
from which the resist layer 4 and the mask layer 3 have been removed,
thereby removing the surface layer portiong in the ion-milled
regions of magnetic laver. Reference numeral 7 indicates the
ion-milled regions of the surface layer of magnetic layer, and
reference letter d indicates the thickness of the surface layer
portions of magnetic layer which have been removed by ion-miliing.

Step G of exposing the ion-milled regicons 7 of the magnetic
layer, Erom which the surface layer portions of magnetic layer have
been removed, to a reactive plasma or a reactive ion 10, thereby
modifying the magnetic characteristics of the regionsg 7 of magnetic
layer, and further remcving the regidual resgist laver 4 and the
residual mask layer 3.

Step H of irradiating the exposed surface of the magnetic
layer 2 with an inert gas 11.

Step I of coating the exposed surface of magnetic layer 2

with a protective overccat 9.



the ion-milling step F is omitted, the surface of magnetic layer which has
been exposed by the removal of mask layer 3 in step E is exposed to a
reactive plasma or a reactive ion 10 in step G. [0044] The mask layer 3,
formed on the magnetic layer 2 in stgp B in the process for producing the
magnetic recording medium according to the present invention, is formed
preferably from at least one material selected from Ta, W, Ta nitride, W
nitride, Si, Si02, Ta205, Re, Mo, Ti, V, Nb, Sn, Ga, Ge, As and Ni. By
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ion 6 can be enhanced and the formability of the magnetic recording
abSRibyie fkiayer 3 can also be enhanced. These materials can
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removal of the resist layer and the ‘carbon Tayer in"ste In'Fig. 3 can be
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gas, and therefore, in step H shown in Fig. 4, residual mask layer
can be minimized and staining of the exposed surface of magnetic
recording medium layer can be avoided or minimized.

[0045]

Among the mask layer-forming materials used in the mask
layer-forming step B, As, Ge, Sn and Ga are preferable. Ni, Ti,
V and Nb are more preferable, and Mo, Ta and W are most preferable.

The mask layer 3 preferably has a thickness in the range of
1 nm to 20 nm.

In the production method of the present invention, after a
negative pattern of the magnetic recording pattern is transferred
onto the resist layer 4 in step D shown in Fig. 3, the depressed
regions 8 of resist layer 4 preferably have a thickness in the range
of 0 to 10 nm. When the depressed regions 8 of resist layer have
such thickness, the selective removal of the resist layer and the
carbon layer in step E in Fig. 3 can be effected in an advantageous
manner. That is, undesirable sagging at edge portions of the mask
layer 3 can be avoided and the shieldability of the magk layer 3
against implanted ion 6 can be enhanced in step F in Fig. 4, and



magnetic recording medium according to the present invention, a material
which can be cured upon irradiation with radiation is used as the material
for forming the resist layer 4 in step C in Fig. 3; and, when a negative
magnetic recording pattern is transfegred onto the resist layer 4 by using
a stamp 5 in step D, or after the transfer of negative magnetic recording
pattern has been completed, the resist layer 4 is irradiated with radiation
to be cured. In this preferred embodiment, the configuration of stamp 5
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The radiation used for curing the curable material refers
to electromagnetic waves in a broad sense which include heat rays,
vigible light, ultraviolet light, X rays and gamma rays. As
specific examples of the curable material, there can be mentioned
thermosetting resins which are curable by heat rays, and
ultraviolet-setting resins which are curable by ultraviolet light.

[0047]

In the methed for producing a magnetic recording medium
according to the present invention, in the step D of transferring
a negative magnetic recording pattern onto the resist layer 4 by
using a stamp 5, it is preferable that the stamp 5 is pressed on
the resist layer 4 having high fluidity, and, while the resist layer
is in a pressed state, the resist layer 4 is irradiated with
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



comprising the resist layer with radiation by exposing the substrate side
(i.e., the side opposite to the stamp-pressed resist layer) of the multi-layer
structure to the radiation; a method of using a radiation-transmitting
stamp, and exposing the stamp-prédsed side of the multi-layer structure
to radiation; a method of exposing the stamp-pressed resist layer to
radiation by applying radiation from the side of the multi-layer structure;
and a method of exposing the stamp-pressed side of the multi-layer
presituditine or the opposite side (substrate side) thereof, with radiation
exhi 'gaggﬁ} high conductivity to a solid, such as heat rays. In a preferred
specific example of the procedure of irradiating the radiation-curable
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used- S PHRERARACRRIES fdFek SnitkeE A pafERT Borfifed on
irgpéigtaMEindiadeanbst wiichuareb o rvesitiohalysedifdeksadiation to
cur@cordingerdinansgata, iana figthethod of the present invention, an
ultraviolet ray-curable resin such as novolak resin, an acrylic
acid ester resin or a cycleoaliphatic epoxy resin ig .used as the
radiation-curable resgist resin, and a stamp made of a highly
ultraviolet ray-transmitting glass or resin is used.

(00491

By adopting the above-mentioned procedures, the magnetic
characteristics such as, for example, the coercive force and the
residual magnetization in the regions of partitioning the magnetic
tracks (i.e., the regions of separating the magnetic laver into
plural magnetic regions) can be reduced to the minimum values, and
consequently, the letter bleeding at writing can be avoided and
the areal recording density of the magnetic recording medium can
be enhanced to a greater extent.

The stamp used in the pattern-transferring step D is
preferably made by forming minute track patterns on a metal plate,
for example, by electron beam lithography. The material used for
forming the stamp is not particularly limited, provided that the

purpose of the invention is not impaired, but, a material having



include patters for servo signal, such as burst patterns, gray code

patterns and preamble patterns. [0050] As illustrated in step F in Fig. 4,
the surface layer portions in the depression regions of the magnetic layer
are preferably removed by, for exaple, ion-milling 10, and thereafter, the
newly exposed regions are exposed to a reactive plasma or a reactive
ion, whereby the magnetic characteristics of said regions of magnetic
layer are modified. The magnetic recording medium having such regions
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buPIHEMRS HQ%%%@&%&WQ%@%%@ wherein the surface layer
portions in the depression regicns of magnetic layer are not removed.
This would be for the following reasons. First, by the removal
of the surface layer portions in the regions of magnetic layer,
the newly exposed regions become clearer and more activated,
therefore, exhibit enhanced reactivity with a reactive plasma and
a reactive ion; and secondly, surface defects such as minute voids
are introduced in the newly exposed regions into which a reactive
ion can easily be penetrated.

[C051]

The thickness, as expressed by “d” in step F in Fig. 4, of
the surface layer portions of magnetic layer which are removed by,
for example, ion-miliing 6, is preferably in the range of 0.1 nm
to 15 nm, more preferably 1 nm to 10 nm. When the thickness of
the removed surface layer portions is smaller than 0.1 nm, the
above-mentioned benefits brought about by the removal of said
surface layer portions are insufficient. In contrast, when the
thickness of the removed portions is larger than 15 nm, the resulting
magnetic recording medium has a poor surface smoothness and a



as being formed by the exposure to a reactive plasma or a reactive ion
whereby the magnetic characteristics of said regions of magnetic layer
are modified or degraded. [0052] By the term "magnetically partitioned
magnetic recording pattern” as usegbin the present specification is meant,
as illustrated in step Gin Fig. 4, the magnetic recording pattern which is
partitioned by the modified or demagnetized regions (depressions) of the
magnetic layer 2 as seen when the multi-layer structure is viewed from

redhediop! sidendbe-obieshobihepresanisitventiongan-he.achiaved inadr
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and servo signal patterns. The madification of the magnetic layer as
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demagnetized regiong thereof in the upper surface portion of the
magnetic layer 2, even though the magnetic layer 2 ignot partitioned
in the lowermost portion thereof. Therefore this embodiment also
falls within the scope of the magnetically partitiocned magnetic
recording pattern as herein used.

By the term “magnetic recording pattern” as used herein is
meant a magnetic recording pattern in a broad sense which include
patterned media wherein magnetic recording patterns are arranged
with a certain regularity per bit; media wherein magnetic recording
patterns are arranged in tracks fashion; and servo signal patterns.

[0053]

The process 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 recording pattern involves magnetic recoding
tracks and servo signal patterns.

The modification of the magnetic layer as conducted for
forming the magnetic recording pattern in the present invention
referg to at least partially changing the magnetic characteristics

(more specifically, lowering the coercive force oxr the regidual



magnetically partition, for example, the magnetic recording tracks and
servo signal patterns from each other, can be formed by amorphization of
the specific regions by exposure to a reactive plasma or a reactive ion.
Thus, the magnetic characteristics df4 the regions of magnetic layer can
be modified also by changing the crystalline structure of the magnetic
layer (more specifically, by amorphization of the magnetic layer) in
specified regions thereof by exposing said specified regions to a reactive
madHB8Men O shieaelive ian der Humfermation of e regiansl-igagpeticallyer
:n RRMHORING, e Mmagnetic recording ragks apd seryosiongl pafiemns. The
arﬁotﬁhlza ion of the magnetic fayer in the present invention rerers 10 that
reqRehiBrhib3Faigement in the magnetic layer is changed to an irregular
atomi@arangement with no long-distance order. More specifically it
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magnetic layer with a high efficiency in a magnetic film with a broad-area,
ascdﬁﬂ&aﬁ%?ﬁmﬁﬁﬁ%QﬁﬁﬁaGﬁnﬁﬂﬁn@agnetlc layer in the present

invention refers to that the atomic arrangement in the magnetic

layer is changed to an irregular atomic arrangement with no
long-distance order. More gpecifically it refers to that
microcrystalline particles having a size of smaller than 2 nm are
arranged in random. This arrangement in random of the
microcrystalline particles can be confirmed by the absence of peaks
attributed to the crystalline plane or by the presence of halo alone
by X-ray diffraction analysis or electron-ray diffraction
analysis.

[0055]

The reactive plasma as used in the present invention
includes, for example, inductively coupled plasma {ICP) and
reactive ion plasma (RIE). The reactive ion as used in the present
invention includes, for example, reactive ilonsg pregent in the
above-menticned inductively coupled plasma and reactive ion
plasma.

[0056]

The inductively coupled plasma as used herein refers to a
high-temperature plasma which is cbtained by imposing a high

voltage to a gas thereby forming a plasma, and further applying



discrete track media conventionally using an ion beam. The reactive ion
plasma as used herein refers to a highly reactive plasma which is
obtained by incorporating a reactive gas such as 02, SF6, CHF3, CF4 or
CC14 in a plasma. When such reactive ion plasma having incorporated
therein a reactive gas is used as the reactive plasma in the process of the
present invention, said plasma can modify the magnetic characteristics of
the magnetic layer with a higher efficiency. [0057] The reactive plasma or
magt}ﬂ%ﬂ@@ﬁ%[ﬁi@ﬁi?}ﬁlluﬁ@%i%i@% pﬁ@équﬁﬂaye?@ogem@w@flly SOMAREAL due
alogen. As the halogen jon, especially preferable is a halogen io
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mad{@smie of 1he, reactive lop the Leactiviprob e magreliclaye Wild@nay i ng
lasma for the modification of the s%% ified region of the magnetic layer

AL 9§ RN An Bt Tmage 6F theFestithd® &tie redoravig" pattern
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_surface of the magnetic layer with the result of enhancement of the
1oRERERTITG diNetHagnetEnayert Fhrithst e Fe&ftHate Fhthetmativeties
thdayesisprespheshto ieatithehatoeen ddrevihardiginefficieany @058z 1d
p1akhemodificaiar-of {he maghels layerds achioved by exRoSYEe 108t ¢

1 reacti\(%}[qlasrﬂa or the tfe,g.ctive ion in the present invention. This
modificatiof is Erﬁe?éa% y %ﬁ%%%‘@’by the reaction of magnetic metal
constl@fingl the magnetic layer with atoms or ions present in the reactive
plasmra®t-the teaclivedenaf This reactiondvelves invasion ehatpmssent

im';gg%&@&q éB:‘?e'Pé‘QQS{ %%@Li‘ﬂd%@%efﬂf example, change of t n,

crystalline structure of magnetic m ange of the composition o
SSRREGALHY MEEISRIEIOR 6f FGRR: HRAAPHRHRARG Shihe hrRsRtine at
1 eanttahcagdfamsiicificatibn ot sageeti€matahe group consisting of CFy,
SFs;, CHF;, CCl,; and KBr into the reactive plasma or the reactive
ion.

By the presence of a halogen in the reactive plasma cr the
reactive ion the reactivity of the magnetic layer with a plasma
for the modification of the specified region of the magnetic layer
is enhanced and the image of the resulting magnetic recording
pattern becomes more sharp. The reason for which is not clear,
but it is presumed that the halogen ion in the reactive plasma etches
foreign matter deposited on the surface of the magnetic layer to
make clean the surface of the magnetic layer with the result of
ernhancement of the reactivity of the magnetic layer. Further the
clean surface of the magnetic layer is presumed to react the halogen
ion with a high efficiency.

[0058]

The modification of the magnetic layer is achieved by
exposure to the reactive plasma or the reactive ion in the present
invention. This modification is preferably effected by the
reaction of magnetic metal constituting the magnetic layer with

atoms or ions present in the reactive plasma or the reactive ion.



[0059] After the modification of the specific regions of the magnetic layer
is carried out, the resist layer 4 and the mask layer 3 are removed as
illustrated in the step G in Fig. 4. The removal of the resist layer 4 and the
mask layer 3 can be carried out by, fgr example, a procedure of dry
etching, reactive ion etching, ion milling or wet etching. After the removal
of the resist layer 4 and the masking layer 3, the magnetic layer having
been activated in the steps F and G in Fig. 4 is exposed to an inert gas
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mﬂ[ duced couggad glarsfma (ICP), and reactive ion plasma (RIE). Of these,

PEhdRIE re &rale in view of enhanced intensity of irradiation.
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then alubrlcan not shown in F| preferably coated on the
afla?ef&l?ﬁé VR EBEPSTE RGOt PP 176 b%é?&ﬁﬂat Qﬁﬁﬁgﬂaﬁﬁw of the

mlgﬁ@m@;hbyf magnetic grains is aveided or minimized even under
high-temperature and high-humidity conditicng. The reason for
which such benefits are obtained by the exposure to an inert gas
irradiation is not clear. But, it is presumed that the inert
element intrudes into the surface layer portion of the magnetic
layer and conseguently the migration of magnetic grains can he
suppressed, and furthexr that the surface layer portions activated
by inert gas irradiation is removed and the migration of magnetic
grains does not occur or occurs only to a minor extent.

[0C60]

As the inert gas, at least one gas selected from the group
consisting of Ar, He and Xe is preferably used in view of the
stability and the enhanced effect of suppressing the migration of
magnetic grains.

The exposure to the inert gas irradiation is carried out
preferably by a methed using at least one means selected from the
group consisting of ion gun, induced coupled plasma (ICP), and
reactive ion plasma (RIE). Of these, ICP and RIE are preferable
in view of enhanced intensity of irradiation. The ICE and the RIE
are hereinbefore described.

[0061]



forming a diamond-like-carbon film by, for example, using P-CVD, but the
method for forming the overcoat is not particularly limited. The protective
overcoat 9 can be formed from materials conventionally used for forming
a protective overcoat, which include;;for example, carbonaceous
materials such as carbon (C), hydrogenated carbon (HXC), nitrided
carbon (CN), amorphous carbon and silicon carbide (SiC) ; and Si02,
Zr203 and TiN. Two or more overcoats may be formed. [0062] The

thickpess of the 8¥$E§£ﬁte9ﬂ§ gﬂ%&&ﬂggéf ibe, fhickness Oc{ g@otecme
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A lubricating layer is preferably formed on the overcoat 9.
The lubricating layer is formed from, for example, a fluorine-
centaining tubricant, a hydrocarbon lubricant or a mixture thereof .
The thickness of the lubricating layer is usually in the range of
1 to 4 nm.

[C063]

The constitution of an example of the magnetic recording-
reproducing apparatus made by the process according to the present
invention is illustrated in Fig. 5. The magnetic recording-
reproducing apparatus of the present invention compriges, in
combination, the above-mentioned magnetic recording medium 20 of
the inventicn; a driving part 34 for driving the magnetic recording
medium in the reccrding direction; a magnetic head 31 comprising
a recording part and a reproducing part; means (head-driving part
33} for moving the magnetic head 31 in a relative motion te the
magnetic recording medium 30; and a recording-and-reproducing
signal treating means 32 for inputting signal into the magnetic
head 31 and for reproduction of output signal from the magnetic
head 31.



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 recordinggmedium wherein the reproducing
head width must be smaller than the recording head width to minimize the
influence of the magnetization transition regions in the track edges.

[0064] By constituting the reproducing part of the magnetic head as GMR
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When the head is floated at a floating height in the range
of ©.005 um to €.020 um, which is lower than the conventionally
adopted floating height, the output power is increased and the SNR
becomes large, and thus the magnetic recording apparatus can have
a large size and a high reliability.

If a signal treating circuit using a sum-product composite
algorithm is combined in the magnetic recording medium, the
recording density can be much more enhanced, and a sufficiently
high SNR can be obtained even when recordation-reproduction is
carried out at a track density of 100 k-tracks or more per inch,
or a linear recording density of 1000 k-bit or more per inch, and

a high recording density of at least 100 G-bit or more per sguare
inch.

Examples
[0065]

The invention will now be specifically described by the
following examples.

Examples 1 to 11, and Comparative Examples 1 and 2

A glass substrate for HD was placed in a vacuum chamber and



[0066] On the glass substrate, a soft magnetic underlayer composed of
65Fe-30Co-5E, an intermediate layer composed of Ru and a first
magnetic layer (lower magnetic layer) having a granular structure
comprised of perpendicularly orientated magnetic grains, and a second
magnetic layer (upper magnetic layer) having a non-granular structure
comprised of in-plane orientated magnetic grains were formed in this
order by a DC sputtering method. The first magnetic layer was comprised

e BGEHOCLZOPLESOR) eloy (he guneralsc muedatply befpre e o

ements Indicate percents b e elements) an |ckness

10° of% ANGERRst IR ddcontin &ristit TaPstRASTORRRS&RFofaRIEsed
of aflycef CoxtGri4RsvBi1and amopise tshowroih Taklé U;belowoandhad

Mg@ﬁ}@;!‘@.%%s oh20) angstrons. the LeCrBsefynagnetic widerayer bad an
thlck ess of GOOQ%stroms nd the Ru |nterme%|ate laye

im%ﬁ.ck S50 ks B S  Thah & YAt ha ﬁ‘iSyE Elheggi (Ra) of
2 FhpkRESsdBf 60 nm was formed on the second magnetic layer by

sputteongsThe mask layer was coated with a resist by a spin coating

methag Fhedesiel wiap comprised ol an yligdolel @y WAl PYGIRK eq
§ a thléi fFLn

resin and ha ness o 100 nm, A glass stamgblravmg a

of Sefanidpatern c%‘?rééﬁiﬁﬂﬁﬁ%ttﬁelﬂé%ﬁébom@ffe Y aftéhFt
magves predsed ontbdheresishdeayier abpgpressavend kMParfabauts8.8ucture

cod&ﬂ:f@@%%) ofhee!ee%et@n@alaeg %}Hgfﬁz\é{@l@érﬁﬁéfﬁé@;[@sé@i‘l%at least 5
95%,. Whlle the e res er, the u

ﬁtam \g/ gressed onto } Iae/ 1

SCSUHaLE DT Sradiated w t]hC fravio raylhlgvmg a gxanu ar
St%ﬁé}eﬁgﬂﬁﬁpwﬁnﬁ%ﬁmgﬁs@ﬁo@%ﬁﬂh@ﬁﬁ@ reaEeRer. Jrereafiepre
fothedsiampwassepamsied iomphedesisidayee hrrebyrtiansfegingaometic

la @%%&E%&EBH‘E&@“@E%”&P h-resisblaversipe ”&ﬁ%f%ft‘?ér%%merazs

magnetic recording pattern_had a confi uratlon stich 30
m%%%tﬁ?r?éﬁ rPﬁFé?Fe%A’éP%fe]r%”&chﬁ%%ﬁﬁF& VABHT SR8 hMCaRdthe-1e
elefeprbssiousiinatie rgsisttapesare tirewngagitivmsvidtihef §0coml Thgnetic

1a§€£§%§&%§ﬁ9@&%ﬁ%ﬂﬁ§§l§@ﬁ%§ ¥ae§0mm.and the hicness,eiihee

«hS mg)r]ersl, ortion% the res it}&?/er aisC bout 5 rgl;q3 The de essed The
portions fa élng?e of alfot daegre k?F:i“e SUbStrate Surtace.

FeCcB soft magnetlc underiayer had a thlckness of 600 angstroms,

and the Ru intermediate layer had a thickness of 100 angstroms.

Then a tantalum mask layer having a thickness of 60 nm was
formed on the second magnetic layer by sputtering, The mask layer
was coated with a resist by a spin-coating method. The resist was
comprised of an ultraviolet ray-cuxable novolak resin and had a
thickness of 100 nm.

[00€7]

A glass stamp having a negative pattern corregponding to the
desired magnetic recording pattern was pressed onto the resist
layer at a pressure of 1 MPa (about 8.8 kgf/cm®). The glass stamp
had an ultraviolet ray transmission of at least 95%. While the
stamp was pressed onto the resist layer, the upper surface of the
stamp was irradiated with ultraviolet ray having a wavelength of
250 mm for 10 seconds to cure the resist layer. Thereafter the
stamp was separated from the resist layer thereby transferring a
magnetic recording pattern on the regist layer. The thus-

transferred magnetic recording pattern had a configuration such



[0068] The depressed portions of the resist layer and the corresponding
portions of the tantalum mask layer were removed by dry etching. The dry
etching for the resist layer was carried out under the following conditions.
02 gas flow rate; 40 sccm, pressur@f0.3 Pa, high frequency plasma
power: 300W, DC bias voltage: 30 W, and etching time: 10 seconds. The
dry etching for the tantalum layer was carried out under the following
conditions. CF4 gas flow rate: 50 sccm, pressure: 0.6 Pa, high frequency
thaHasma cpewet i s rDEhbias yoliage: o \\a antd eteningime: BGy width
of SEEPNMS: [906941n %éaf{-‘é"s%%l and Comparative Exi‘rgp'% 2 ,the exposed,
surface ‘portions of t epmagne?lléﬁayer corresgonalng {0’ the remove
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conditions were as follows. Flow rate of CF4: 90 cc/min, input power:

W, pr%%%?é within the apparatus: 0.5 Pa, and treating time: 50 seconds.

After IheEerpodiaré 102QE4 dhpaerposerEtamxygeh gaswagcaaitdouface
pofeh 8ASeconds: [AR4Pkric layer corresponding to the removed

depressed portions of the resist layer and the tantalum mask layer
were removed by ion milling using an Axr icn. The ion milling
conditions were as follows. High frequency outfput power: 800 W,
acceleration voltage: 500 V, pressure: 500 V, pressure: 0.014 Pa,
argon gas flow rate: 5 scom, ion-milling time: 40 seconds, and
current density: 0.4 mA/cm’.

Thereafter, in Example 11 and Comparative Example 2, the
ion-milied surface portions of the magnetic laver were exposed to
a reactive plasma or a reactive ion tomedify the magnetic properties
of the surface portions of the magnetic layer.

In contrast, in Examples 1-10 and Comparative Example 1, the
exposed surface portions of the magnetic layer corresponding to
the removed depressed portions of the resist layer and the tantalum
mask layer were not subiected to ion-miliing, but, were directly
exposed to a reactive plasma or a reactive ion tomodify the magnetic
properties of the surface portions of the magnetic layer.

Inall of the examples and comparative examples, the expogure

to the reactive plasma was carried out using an inductively coupled



Thereatfter, residual portions of the resist layer and residual portions of
the mask layer, which remained on the surface of the multi-layer
structure, were removed by dry etching under the following conditions.
Flow rate of SF6gas: 100 sccm, pressure: 2.0 Pa, high frequency plasma
power: 400 W, and treating time: 300 seconds. Thereafter the surface of
the magnetic layer was irradiated with an inert gas plasma under the
following conditions. Flow rate of inert gas: 5 sccm, pressure: 0.014 Pa,
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300 V, current density: 0.4 mA/cm’, and treating time: 5, 10, 15
or 25 seconds.

A protective overcoat of carbon (DLC: diamond-like carbon)
with a thickness of 4 nm was formed by a CVD method, and finally
the multi-layer structure was coated with a lubricant to form a
lubricating £ilm. Thus, the manufacture of a magnetic recording
medium was completed.

[0071]

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 characterigtics
were evaluated by the comparison of the amount of magnetization
as measured on the regions of magnetic layer which have not been
exposed to the reactive plasma, with the amount of magnetization
as measured on the regiong of magnetic layer having been exposed
te the reactive plasma.

Takle 1



Ex.6 TiO2 4 00.350.05 86% Ex.7 TiO26 0 0.34 0.01 97% Ex. 8 W02 4
0 0.34 0.05 85% Ex.9WO03400.350.06 83% Ex.10 Cr2034 0 0.33
0.1361% Ex. 11 Si02430.290.0390% Co.Ex.1-000.340.28 18%
Co. Ex. 2-030.29 0.21 28% Note3¥1 Thickness of surface layer portions
of magnetic layer removed by Ar milling *2 Amount of magnetization as
measured on reactive plasma non-treated region *3 Amount of
magnetization as measured on reactive.plasma treated region Industrial
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tog6 afomic Y0f an oxigle has a gon-granylay,structureg 3, They methad fo
pr dLécing aWrBagneticr corgling H1edi im 5%c§§rdirg to claim lijor 28
wh&réin the magnetic layer containing 0.5 atomic|% to 6 atomnic % 3f an
oké is hn il Plank oriéntated lagnetic I8, 4. The PR&hod|for 83%
pkadiRing &rfdgngetic recordling fhedigm &gdrding to &i§ oné of dldims 1

tE3, whereifithe dxide4s at|least 0.29 0.03 90%
Co. Ex. 1 - 0 4 0.34 0.28 18%
Co.Ex. 2 - 0 3 0.29 0.21 28%
Note

#1 Thickness of surface layer portions of magnetic layer removed by Ar milling
*2 Amount of magnetization as measured on reactive plasma non-treated region

*3 Amount of magnetization as measured on reactive plasma treated region

Industrial Applicability
[0073]
According to the present invention drawn to a method for
producing a magnetic recording medium, a magnetic recording medium
exhibiting high electromagnetic conversion characteristics and

having a high recording density can be produced with an enhanced

productivity.



one oxide selected from the group consisting of SiO2, TiO2, W02, W03
and Cr203 . 5. The method for producing a magnetic recording medium
according to any one of claims 1 to 4, wherein the reactive plasma or the
reactive ion contains a halogen ion.&. The method for producing a
magnetic recording medium according to claim 5, wherein the halogen
ion is a halogen ion produced by introducing at least one gaseous halide
selected from the group consisting of CF4, SF6, CHF3, CC14 and KBr
into the reactive plasma. 7. Thegamethad for producing a magnetic
recording medium according to any one of claims 1 to 6, which further
comprises a step of, after the step of exposing said reaions of the

magreticHRFERS S PEItivE HTadind BPSREaciVESORT EXpEsTvG Sarnaving
a wegiatsiaf hggpetit 1ayemesyimgdred expesed ¢d agrgaactiveiplasma or a
chdBactve {0R 40, AN-exYaanR PlRsmas & dJ be reethod forpredieRg @ 12ver on

mqwetic recordi gmedium acrc;h:)rdin to any one of cIaimglIo?

2 N PR S &M 6 thie 5 Phatietic TR IET 10 BB Po38E 3 L realpva’
in flasnianea ffadtive dbrdre Suface pombhS &f theRRyREtichyaagnetic
laykhe reetheddoeprotlucipg eimagreficrecortingenesimt ascosgieg, laanyh
madi& OEERImS L IR 1. yiierein.sydase laye rx%?%%@&;?ng‘ ;3%@&99%9 a

magnetic layer to be exposed to a reactive plasma or a reactive ion are

reREHN e d EIThET, he™ SR BoltfShs of the magnetic layer which have
beenznewihexposkddfthe rermduatiof the sagiaeeilayerportibingg anedium
ac@Rosed taseaeive plasibie Oh aiRaGHysran L01 Ibemetied (Ofing 0.5
rodugzlr]:%a magnetic reco d}ﬂlg medium accordlr}g to claim 9, wherein
atomlc % |6 ](:\ Mic % OJ{ oxide has a.Ho —%:r:amu?ar str[uc}:ure.
€ femoval of the Surface layer portions’in said regions of magneticlayer
to beZexpd5€d 6 @8 aE e PrEsHHE B fedVesibhds e fexdd t dredium
acextenhsuch tiatisurface layeipettiions bavingsatbickpessyethesapgeraing

0. 9-a k> o are remoyed. 11 The methad {or prodycing g magnetie. . v og

recording medium according to any one of claims 1 to 10, which further
e %ﬁsgé‘yfgtep of, after the step of exposing said regions of the

magrfetic Tagenttlaod abtiveplesmalogagenetveion; iradiatmpngithegiium
according to any one of claims 1 to 3, wherein the oxide ig at least
one oxide selected from the group consisting of 8i0,, TiC,, WO,
WC; and Cr.0s.

5. The method for producing a magnetic recording medium
according to any one of claims 1 to 4, wherein the reactive plasma
or the reactive ion containg a halogen ion.

6. The method for producing a magnetic recording medium
according to claim 5, wherein the halogen ion is a halogen ion
produced by introducing at least one gaseous halide selected from
the group consisting of CF,, SF;, CHF,, CCl, and KBr into the reactive
plasma.

7. The method for producing a magnetic recording medium
according to any one of claims 1 to &, which further comprises a
step of, after the step of exposing said regions of the magnetic
layer to a reactive plasma or a reactive ion, exposing said regions
of magnetic layer having been exposed to a reactive plasma or a
reactive ion, to an oxygen plasma.

8. The method for producing a magnetic recording medium
according to any one of claims 1 to 7, wherein said regions of the



inert gas a surface at least in said regions of magnetic layer having .been
exposed to the reactive plasma or the reactive ion. 12. A magnetic
recording and reproducing apparatus characterized by comprising, in
combination, the magnetic recording¢medium produced by the method as
claimed in any one of claims 1 to 11; 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
madiead in azetativeometicndetheimag reticetecot tinomedizmeang Beactive
iorfegprdingsand:-repraducing signalireqfing means, fgrdnputting signal to
the magnetic head and for reproducing output signal from the magnetic
head?' The method for producirly a magnetic recording medium
according to any cne of claims 1 to 7, wherein surface layer portions
in said regions of magnetic layer to be exposed to a reactive plasma
or a reactive ion are removed, and then, the surface portions of
the magnetic layer which have been newly exposed by the remocval
of the surface layer porticns, are exposed to a reactive plasma
or a reactive ion.

10. The method for producing a magnetic recording medium
according to ¢laim 2, wherein the removal of the surface layer
portions in said regions of magnetic layer to be exposed to a
reactive plasma or a reactive ion is effected to an extent such
that surface layer portions having a thickness in the range of 0.1
to 15 nm are ramoved.

11. The method for producing a magnetic recording medium
according to any one of claims 1 to 10, which further comprises
a step of, after the step of exposing said regions of the magnetic
layer to a reactive plasma or a reactive ion, irradiating with an
inert gas a surface at least in said regions of magnetic layer having
. been exposed to the reactive plasma or the reactive ion.

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



