1 DESCRI PTI ON Magnetic Recordi ng Medi um and Magnetic
Recor di ng/ - Reproduci ng Apparatus Technical Field
[0001] This invention relates to a nagnetic recording
medi um used for a magnetlic recording/ reproducing
apparatus such as a hard disk apparatus. It further
relates to a magnetic recording/ reproducing
apparatus. Background Art [0002] In recent years,
magneti c recordi ng agpar@ifgigey such as a magnetic

di sk apparatus, a flexible disk apparatus and a
magnetic tape apparatus are widely used with their
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i ncreasing. Recently ead and TMR head have been
deV@i®bped, and the rate of increase in the area
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are e y desired. An attenpt of increasing the
track density together with an increase of a |iner
recording density tzxahanse @ areal recording

de ﬁ%ﬁ? is also being made. [0003] In a recent

nag il recordi ng apparatus, the track density has
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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 about 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 {(8NR) and a high
resclution are eagerly desired.

An attempt of increasing the track density tegether with an
increase of a liner recording density to enhance an areal recording
density is alsc being made.
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In a recent magnetic recording apparatus, the track density
has reached about 110 kTPI. However, with an increase of the track
density, magnetic recording informaticon is liable To interfering
with each other between adjacent tracks, and magnetization
transition regicns in the boundary regions thereof as a noise scurce
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 maxi nrum saturated magneti zati on and
magnetic filmthickness to each recording bit.
However, with a decrease in the bit size, the
m ni mum magneti zati on vol unme per bit becones snall
and the recorded data are tend to di sappear due to
magneti zation reversal caused by heat fluctuation.
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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. This type of
magnetic recording media is hereinafter referred to as a discrete
track media, and the technique for providing this type of magnetic
recording media is hereinafter referred to as a discrete track
method.
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An example of the discrete track medium is a magnetic
recording medium disclosed in, for example, patent document 1,
which is made by providing a non-magnetic substrate having a pattern
with elevations and depressions formed on the surface thereof, and
forming a magnetic layer having a corresponding surface

configuration on the non-magnetic substrate, to give physically



di screte magnetic recording tracks and servo signa

patterns (see, for exanple, patent docunent 1). The
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document 2 and patent document 3). The first type method is often
called a magnetic layers-treating type method, and the second type
method is often called as an embossing type method.
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Another discrete track method has been proposed wherein a
previously 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. (see, for example, patent document 4).

Further, a method of producing a magnetic recording medium

has been proposed, which comprises a step of subjecting a magnetic



4 layer to an ion mlling using a carbon mask (see
patent docunment 5) [0009] Further, another nethod
for formng a magnetic pattern has been proposed in
pat ent docunent 6, which aonprises a step of formng
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Disclosure of the Invention
Problems to Be Solved by the Invention
[CO11]
For the manufacture of a discrete type or bit pattern type

magnetic recording medium, a process is generally adopted wherein
a magnetic layer having elevations and depressions on the surface
thereof is formed, and a non-magnetic material is filled in the
depressions to render the surface flat and smooth. Another process
can be adopted wherein a mask layer having a pattern corresponding

to a magnetic pattern is formed on a magnetic layer, specific



5 portions of the magnetic |ayer are denagnetized or
magnetic properties of said portions are nodified
by, for exanple, ion inplantation to forma magnetic
pattern on the magnetic lpyer. According to the
| atter process, the resulting magnetic recording
medi um having the nmagnetic recording pattern has a
flat and snoboth surface even though a procedure of
filling depressions with a non-nmagnetic material is
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However, the surface-smoothing procedure of filling the
surface depressions with a non-magnetic material tends to
contaminate the surface of the magnetic recording medium, and makes
the production process complex and costly.

A primary object of the present invention is to provide a
discrete type or bit pattern type magnetic recording medium, which
exhibits, even though depressions remain on the surface thereof,
stable head-floating characteristics and excellent separability
of the magnetic pattern, and which is not influenced by a signal
interference between the adjacent patterns, and exhibits a high

recording density.



recording density. 6 Means for Solving the Probl ens
[0014] To solve the above-nenti oned probl ens, the
present inventor nade extensive researches and has
conpl eted the present inygention. Thus, in accordance
with the present invention, there are provided the
follow ng magnetic recording nediuns (1) through (6),
and the foll ow ng magnetic recordi ng/reproducing
apparatus (7). (1) A magnetic recordi ng nmedi um
hakMéame dfarm§néving pdte érpbhagaetically partitioning a
magpgiic |ayer, formed on at least one surface of a
non- nag netlc substrate, characterized in that the
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tic recording medi um as descri bed above in
thanghy%. one of (1) to (4) , wherein the nmagnetic regions
conmppise a magnetic |ayer having a granul ar

S buBed By Sar on e o) T RRgHer o ragkrarag (-
wherabditm asedéscatibedfabbredépregsions in the data areas is
in the range of 10% to 50%.

(3) The magnetic recording medium as described above in (1)
or (2), wherein the data areas form elevations constituting tracks
in the data areas. _

{4) The magnetic recording medium as described above in any
one of {1) to (3), wherein the depressions in the data areas and
the depressicns in the servo information areas have a depth in the
range of 0.1 nm to 15 nm.
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(5) The magnetic recording medium as described above in any
one of (1) to (4), wherein the magnetic regions comprise a magnetic
layer having a granular structure comprised of magnetic grains each
surrounded by an oxide.

(6) The magnetic recording medium as described above in any
one of (1) to (5}, wherein the magnetic regions comprise a magnetic

layer having a two-layer structure composed of a granular structure



one of (1) to (5) , wherein the nmagnetic regions
conprise a magnetic |ayer having a two-I|ayer
structure conposed of a granular structure 7
conprised of magnetic grd&i ns each surrounded by an
oxi de, and a non-granular structure, forned on the
granul ar structure. [0017] (7) A nmagnetic
recording/reproduci ng apparatus characterized by
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and exhibits a high recording density.

Brief Description of the Drawings
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Fig. 1 illustrates patterns of a serve information area and
data areas of the magnetic recording medium according to the present
invention.

Fig. 2 is a perspective view of a head gimbals assembly used
in a magnetic recording/reproducing apparatus.

Fig. 3 is a sectional view illustrating a floating state of
a head slider above the magnetic recording medium.

Fig. 4 is a cross-section of one example of a laminate
structure comprising a substrate and a magnetic layer in the
magnetic recording medium according to the present invention.

Fig. 5 is a flow-sheet of the first-half steps in a process



magnetic recordi ng medi um according to the present
invention. Fig. 5is a flowsheet of the first-half
steps in a process 8 for producing a nmagnetic
recordi ng nmedi um accordimg to the present invention.
Fig. 6 is a flowsheet of the second-half steps in a
process for producing a nmagnetic recordi ng nmedi um
according to the present invention. Fig. 7 is a
schematic illustration of the magnetic

for nredBrine g- FRPIVdECr AP BhperBR U H i ing tQ thReresent
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Fig, 1, 100 Data area 101 Servo _i,nfo i ar
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. tion 24 Head slider 25 Signal line 26
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surface | ayer portion of
In Fig. 1,

100 Data area

101 Servo information area

102 PDirection in which a head moves

In Fig. 2 and Fig. 3,

20 Head gimbals assembly

22 Depressiocon

23 Elevation

24 Head siider

25 Signal line

26 Magnetic head

27 Suspension arm

30 Magnetic recording medium

In Fig. 4,

1 Non-magnetic substrate

2 Magnetic layer

21 Magnetic properties-modified region or demagnetized
region

22 Depression

23 Elevation

W Width of magnetic region in magnetic recording pattern

L Width of non-magnetic region in magnetic recording
pattern

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

In Fig. 5 and Fig. o,



magnetic | ayer has been partially renoved, i.e.
t hi ckness of renoved surface | ayer portion of
magnetic layer In Fig. 5 and Fig. 6, 9 1
Non- magneti c substrate 2 JMagnetic | ayer 3 Carbon mask
| ayer 4 Resist layer 5 Stanp 6 MIling ion 7 Region
fromwhich surface |ayer portion of magnetic | ayer
have been partially renoved d Depth in region from
whi ch surface |ayer portion of magnetic |ayer has
beepN@ﬁp%a@dén&dwymwgedaté.e., t hi ckness of renoved
su e er rtion of magnetic |ayer. 8 Depression
inﬁrgégg?g %ygﬁgﬂ?orned by pressing 9 Protec?ive
over €eabon OndXy gerverozone or others 11 Inert gas
sughrasiargoiyed n Fig. 7, 30 Magnetic recording
medi um 31 Magnetic head 32 Recording-reproducing
si gnal~28Pst em 33 Head-driving part 34 Medi umdriving
gﬁgty&gggn@bgﬁzfor Carrying Qut the Invention [0021]
resent. i nventj.on.i 0 | : |
¢ edorERg SR T Fadi T G earer Sal Ty AT onedy et
have negrepactpatterremcheel nagnetic pattern is conprised
of smagneti £, r&Y-QNS 308 PRICHBANEERE 14RG QRStion of
wherein the magnetic regions form el evations and_t he
magneiph: HeyREt es r%@%ﬁ?@é&iﬂeﬁ@&%n%'?y atth\‘f R
remoB@NalrifecepPdiier portienebeviadgrants caleygarti ti oned by

th epressions, and. _th val i -
degrg§%F8ﬁ§l%%c%ﬁ Eﬁsﬁséag?ﬁ%ﬁ ?%%ﬁgﬁr?gg€&g%§§ r
poPt itowtebt averagrrtdaatl ayer. The nmagnetic recordi ng

medj um Yerf he-BLESERt dfuenti on can be either a
di screte type magnetic recording mediumor a bit
pgﬂtegmﬁrt gas such as argon

In Fig. 7,

30 Magnetic recording medium

31 Magnetic head

32 Recording-reproducing signal system
33 Head-driving part

34 Medium-driving part

Best Mode for Carrying Cut the Invention

[0021]

Thepresentinventﬂmqisconcernajwiu1anmgneticrecording
medium having & magnetically partitioned magnetic pattern. The
magneticp@tternjfscomprisedmxfn@gneticregionsandrmxrﬂﬁgnetic
regions, wherein the magnetic regions form elevaticns and the
non-magnetic regions form depressions relative to the magnetic
pattern. The elevations are partitioned by the depressions, and
the elevations and the depressicns occur at least on the surface
layer portion of a magnetic layer. 7

The magnetic recording medium of the present invention can
be either a discrete type magnetic recording medium or a bit pattern
type magnetic recording medium. However, the present invention
will be described in detail and specifically in reference to a

discrete type magnetic recording medium.



type magnetic recording medi um However, the present
invention wll be described in detail and
specifically in reference to a discrete type
magnetic recording mediugy 10 [0022] In Fig. 1,
servo information pattern 101 in a servo information
area (which is abbreviated to "servo area" when
appropriate) and data patterns 100 in data areas are
illustrated. The lower part of Fig. 1 is a schematic
el edv@Etdlon of the magnetic recordi ng nmedi um accordi ng

“’Iﬁ rheiqurﬁsegé LOVE ﬁ%tléﬁ%éﬂt%xﬂpmi iPa tsether eof

| af detal ed illustration of a parf, of the
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recor are _abbrevia ed to "dat
magn@meaﬁoeam@hmag@ﬁ@mm atB)e aieliplelsifts oft the 1St} éiaé‘
indi@itd RRFBORLLA S HRE @&@h@glﬂ‘B@Jann’dhé hegH adafi anes

eas_are osi tjoned by ack |nf
l“dl??]?%rdﬁﬁfll%ﬁ?p ASFhhn ﬁﬁ&ﬁgt]réci ﬁ&a%l%can %%Cgar{seﬁpgéce tt? bn
and 4 R reeghenh iim wadohdi igatetbues arotheashnfiagekof magnetic

recol@&grqg; and sector information in a data area

orﬁ%spon ihg to a servo information area, then
syheh?dhi ze reading-and-witing of data in a burst

Pagtgh 1824 t3ngs tfems rdc@@dlﬁ@ te=ist @wBAbch are
information in a datg are

ambrgTaoh oy AL AFORRACTEN ARE & Seteor ST REGrrar o e
surfate ofrﬂﬁé)md@ﬂeia:& diegbtdling mEdivwmt iaod uhe@c@@waﬁ@és are
posi b BNLLE, PALSNT ASANON A, Ehforacddh. ! Pine

atterns artitioned by track
magnet &c ﬂ@rdﬁle@lcaﬂﬂwéhﬁagﬁ 3ee pat b rﬁ@g&?*élc d&IGREdngymedium

to r%%?tWEhg%%ﬁﬂl%ﬁta%@r EQNSH ﬁ@f@&ﬁﬂtﬂ&g net kcdata area
netic r eC :
corrherRgiiTig ot R S T, SRR S SGE
readﬁﬂ@ﬁﬂr&s—wi&fttmg ngt ntm;ﬁtetlmc aphtter st teonns depr essi Ghsn,
read-ﬁli) eneral | Engfﬂﬁa?él%noﬁ ar 8.4 esent o the servo

ace of ‘magnetic recordi ng nmedium the floatln%
infoamanipretiea, lae@@acdwnf@ﬁ@atslm & 3t FRGE4T Lpiermation are

recovRsh abl €y ESRECE @Fd M 198 V8 accordance with magnetic
patterns as shown in Fig. 1. In the data areas, magnetic patterns
partitioned by tracks are formed. The magnetic patterns are
defined by non-magnetic regions surrounding each magnetic pattern.

[0024]

In the magnetic recording medium according to the present
invention, the non-magnetic regicns defining magnetic patterns
form depressions. In general, if depressions are present on the
surface of magnetic recording medium, the flcating of a magnetic
head over the surface therecf is unstable. Especially a servo
information area has an uneven surface where elevations and
depressions are irregularly present, but a data area have regular
elevations and depressions. Thus, when the magnetic head moves

from a serve information area to a data area, or form a data area



i nformati on area has an uneven surface where
el evations and depressions are irregularly present,
but a data area have regular elevations and
depressions. Thus, when the magnetic head noves from
a servo information area to a data area, or forma
data area 11 to a servo information area, the
floating of the head tend to fluctuate. For exanple,
if the magnetic layer has a large areal ratio of

to aedeewat lofisymatieomeagest | thhelldagans Wf ddheangafl bars %
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largéUégggﬁtwade of a nmetal sheet, a head slider 24 fitted
@Oégp portion of the suspension arm 27, a nmagnetic
é fitted on the head slider 24, and a contro
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on t%}geq,ﬂi,ag%rec t%} g%g#l%go mgﬁms énoec DRI gt éfe&,eﬁ%ally

recording density are
conn@diﬁd?r}:@blaysmgmﬂ, MilmecB5.are provided with a
re ? tion el enment such as a nmagnetoresistance
ment utilizing aiglant magnet o resistive
ar

(Gme xéac_frmé:tl%headt%rﬂeﬂ Fhednegrettd e8P st Ve TR
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of The d??a&ieﬁ#@% r2e40'0|315“1dn J[jl ‘?h‘éﬁﬁrﬁ net Q%% L Ie Y
of a m\gﬁétmﬂﬂe&orﬁlrﬁd} ar@tjsumrﬁfedl as etlhp Iam:r\m:lq h@ad 26, heads
sultalgf%/ ﬁzlolrogsh @?IQSB&@ Qfé%s'i@ %969@&‘5% sdEfaGEich

i C recor as illustrated
are pnoEded yltmh@ %@Q@dlﬂ@ftlpﬁeeh@wfslﬁuﬁéra%au s a

mag né?gﬁéﬁls‘%fantégo(%% (éﬁelrﬁé?lttzuﬁM1z'Eﬁg dﬁgﬁﬁht ﬁhgldﬁfo Pdsistive
vels w an inclination above
(MR hER T o7 écBWEﬁl%g B BRBRETY | T AL B R g e
utilThefieforer e&l‘feuneveime TMR fedement Jtshespagx@]t];y;preferable
in vagvcvof \;ég%ﬂe Con —@@n@gl\f rﬁﬁzox’dﬁﬁguence not

ng sur ace of the head
sI|@é27 but upon onIy alimted area of the

CORhEQRJNRY 1 SWf-ACEs hBeEgQhile it floats immediately above
the elevations and depressions remaining on the surface of the
magnetic recording medium 30 as illiustrated in Fig. 3. The size
of the head slider 24 is a square of about 0.5 to 2 mm. The head
slider 24 travels with an inclination above the surface of magnetic
recording medium as illustrated in Fig. 3. Therefore, an uneven
surface of the magnetic recording medium exerts an adverse
influence not upon the whole confronting surface of the head slider,
but upon only a limited area of the confronting surface thereotf.
The present inventor has found that the elevations and the
depressions remaining on the surface of magnetic recording medium
have an adverse influence upon only a narrow area with a square
of about 500 pm of the confronting surface of head slider.

Thus, the main feature of the present invention lies in that,



The present inventor has found that the el evations
and the depressions remining on the surface of
magneti ¢ recordi ng medi um have an adverse influence
upon only a narrow area wi2th a square of about 500
pm of the confronting surface of head slider. Thus,
the main feature of the present invention lies in
that, 12 for the area of about 500 pm square of the

onfronti surface of head sl.ider n_absol ute
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be oh&CUMing nedium as exenplified in Fig. 1, have
several tens nmof track pitches or several hundreds
ri ®Wef8lkrack pitches. Therefore the size of the
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ThergﬁégeeEHé sﬁ?g o@%ﬁ@%gegékﬁ %l ¥m géﬁrt%rcésﬁg rpélti%nrecording

average value obt arned on the %a3|s_of the size of
mediwhelshead fstieerly Bredef of ecomtigcgbuyel gl séaedehwheut
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of t@%%%%Q{%ﬁidgfﬁ the areal ratio of the depressions in
e servo rnformation areas is not larger than 10%

caBherefrrial BRe lbavegrenbsenatt MalnLastarsape thedmargnt
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wFor MRENELARALI the magnetic recording medium, an absolute value
of the difference between the areal ratio of the depressions in
the data areas and the areal ratio of the depressions in the servo
information areas is not larger than 10%”.

[0029]

In other words, the present invention is defined as amagnetic
recording medium having a magnetic pattern magnetically
partitioning a magnetic layer, formed on at least one surface of
a non-magnetic substrate, characterized in that the magnetic
pattern is comprised of magnetic regions and non-magnetic regions
surrounding each of the magnetic regions, wherein the non-magnetic
regions form depressions relative to the magnetic pattern, the

magnetic pattern comprises data areas and servo information areas,



partitioning a nmagnetic |layer, fornmed on at | east one
surface of a non-magnetic substrate, characterized
in that the magnetic pattern is conprised of
magneti c regions and non-gagnetic regions
surroundi ng each of the magnetic regions, wherein the
non-magnetic regions formdepressions relative to
the magnetic pattern, the nmagnetic pattern conprises
data areas and servo information areas, 13 and_an
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elec@k-8@hgRatti® cohvkheion characteristics can be obtained. If
the areal ratio of the depressions in the data areas is smaller
than 10%, a stable floating of the magnetic head can be ensured,
but the partitioning between the adjacent tracks in the data area
tends to become poor. In contrast, 1f the areal ratio of the
depressicnsg in the data areas is larger than 50%, a stable floating
of the magnetic head is often difficult to obtain because a whirl
of air tends to occur in the depressions.

[0031]

The magnetic recording medium of the present invention is
preferably of a discrete type, that is, it is preferable that the

elevations in the data areas form tracks.



depressions in the data areas is |larger than 50% a
stable floating of the magnetic head is often
difficult to obtain because a whirl of air tends to
occur in the depressions.l4[0031] The magnetic
recordi ng nmedi um of the present invention is
preferably of a discrete type, that is, it is
preferable that the elevations in the data areas
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ma c layer 2 has depressions 22 formed in
sp Q@é%k regi ons by

In Fig. 4, one example of & laminate structure comprising
only a substrate and a magnetic layer in the magnetic recording
medium according to the present invention is illustrated. 2R
magnetic layer 2 is formed on a non-magnetic substrate 1. The
magnetic layer 2 has depressions 22 formed in specific regions by
removing surface layer portions of the magnetic layer 2. d is &
depth of the depressions 22. Magnetically modified region or
demagnetized region 21 is formed beneath each depression 22. The
magnetic layer 2 is partitioned by the depressions 22 and the
magnetic properties-modified regions or demagnetized regions Z1,
thereby forming thus-partitioned elevations 23. The regions 21
may be either demagnetized regions or regions having modified

magnetic properties.



removing surface layer portions of the magnetic |ayer
2. dis a depth of the depressions 22. Magnetically
nodi fied region or denagnetized region 21 is forned
beneat h each depression 22. The nmagnetic layer 2 is
partitioned by the depressions 22 and the magnetic
properties-nodi fied regi ons or demagneti zed regi ons
21, thereby formng thus-partitioned elevations 23.
The regions 21 may be either denagnetized regions or
regmnnﬁ havi ng nodified magnetic properties. 15
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negative netic recor
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2. layer 4. The negative magnetic recording pattern

rebers d QraeoAegR! L i Aakt exfehavinandeps 658 aASk layer
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Referénce numeral 8 represents a depression in the resist layer
8, which is formed by pressing.

Step F of selectively removing the residual pertions of the
mask layer 3 and the residual portions of the resist layer 4, which
portions form depressions corresponding to the negative pattern
of the magnetic recording pattern as illustrated in step D.

[0035]

As illustrated in Fig. 6,

Step F of exposing to milling ion 6 the exposed 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
heen removed, thereby removing the surface layer portions in the
ion-milled regions of magnetic layer. 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



[0035] As illustrated in Fig. 6, Step F of exposing
to mlling ion 6 the exposed depressions of the
surface | ayer of magnetic |layer 2, corresponding to
the regions fromwhich tle resist layer 4 and the
mask | ayer 3 have been renoved, thereby renoving the
surface |ayer portions in the ion-mlled regions of
nagnetic | ayer. Reference nuneral 7 indicates the
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[0037]

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,
aluminosilicate glass, glass ceramics, silicon, titanium, ceramics,
and crganic resins. Of these, aluminum alloy substrates, glass
substrates such as glass ceramics substrate, and silicon substrate
are preferably used.

The non-magnetic substrate preferably has an average surface

roughness (Ra) of not larger than 1 nm, more preferably not larger



is not particularly limted, and, as specific
exanpl es thereof, there can be nentioned al um num
al l oy substrates predom nantly conprised of al um num
such as, for exanple, an & -My alloy substrate; and
substrates made of ordinary soda gl ass,
alum nosilicate glass, glass ceramcs, silicon,
titanium ceramcs, and organic resins. O these,
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comprised of Pt, Pd, NiCr or NiFeCr; and optionally an intermediate
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verpendicular ferromagnetic layer comprised of a cchalt alloy.

[0040]

In the magnetic recording medivm of the present invention,
a magnetic layer having a granular structure is preferably used
as the magnetic layer because a magnetic layer having a granular
structure exhibits a high reactivity for magnetic properties-
modification or demagnetization of the specific regions thereof.
The term “magnetic layer having a granular structure” as used herein
refers to a magnetic layer having a structure comprised of magnetic
particles which are surrounded by an oxide. As specific examples

of the oxide, there can be mentioned $i0; (as exemplified above




per pendi cul ar ferromagnetic |ayer conprised of a
cobalt alloy. [0040] In the magnetic recording
medi um of the present invention, a magnetic |ayer
havi ng a granul ar struct_ée is preferably used as
the magnetic | ayer becau a magnetic |layer having a
granular structure exhibits a high reactivity for
magneti c properties- nodification or demagnetization
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a resulting magnetic recording medium can be minimized.

The formation of the carbon mask layer can be effected by,
for example, a sputtering or CVDmethod. ACVD method is preferably
adopted because a dense carbon film is formed.

[0043]

The carbon mask layer preferably has a thickness in the range
of 5 nm to 40 nm, more preferably 10 nm to 30 nm. With a thickness
of thinner than 5 nm, undesirable sagging at the edge portion of
the carbon layer tends to occur and the formability of a magnetic
recording pattern is deteriorated. Further, ions tend to penetrate
through the resist layer and the carbonmask layer into the magnetic

layer, thereby deteriorating the magnetic properties of the



a resulting magnetic recordi ng nmedi um can be

m nimzed. The formation of the carbon nask | ayer can

be effected by, for exanple, a sputtering or CVD

met hod. A CVD method is pgeferably adopted because a

dense carbon filmis forrmed. [0043] The carbon mask
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mask layer 3 against milling ion 6 can be enhanced in step F in
Fig. 6, and the formability of the magnetic recording pattern by
the carbon mask layer 3 also is enhanced.

[C046]

In a preferred embodiment of the production process, &
material which can be cured upon irradiation with radiaticn is used
as the material for forming the resist layer 4 in step C in Fig.
5; and, when a negative magnetic recording pattern is transferred
onto the resist layer 4 by using a stamp 5 in step D, or after the
transfer of negative magnetic recording pattern has been completed,
the resist layer 4 is irradiated with radiation. In this preferred
embodiment, the configuration of stamp 5 can be transferred on the



mask | ayer 3 can be avoided and the shieldability of

the carbon nmask layer 3 against mlling ion 6 can be

enhanced in step Fin Fig. 6, and the fornmability of

the magnetic recording pagtern by the carbon mask

| ayer 3 also is enhanced. [0046] 1In a preferred

enbodi ment of the production process, a material

whi ch can be cured upon irradiation with radiation is

used as the material for formng the resist |ayer 4
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transmitting stamp, and exposing the stamp-pressed side <f the
laminated structure to radiation; a method of exposing the
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side of the laminate structure; and a method of exposing the
stamp-pressed side of the laminate structure or the opposite side
(substrate side) thereof, with radiation exhibiting a high

conductivity to a solid, such as heat rays.



layer 4 with a high precision. For irradiating the
resist layer having high fluidity wiwth radiation
while the resist layer is in a pressed state, there
can be adopted a nethodq-ef irradiating a |am nate
structure conprising the resist layer with radiation
by exposing the substrate side (i. e., side opposite
to the stanp-pressed resist layer) of the |am nate
structure to the radiation; a nmethod of using a
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[0049]

After the negative pattern of the magnetic recording pattern
is given to the resist layer 4 in step D shown in Fig. 5 in the
case when the depressed regions 8 of resist layer 4 remains, the
depressed regions of resist layer are removed and further the
corresponding regions of the carbon mask layer are removed in step
E. The removal of the depressed regions of resist layer and the
corresponding regions of carbon mask layer are effected by dry
etching such as reactive ion etching or reactive ion milling.

[0050]

In the production process, regions of the magnetic layer,

which are not covered with the carbon mask layer and the resist



Thus a sharp magnetic recording pattern is given to

the magnetic |ayer, and a nmagnetic recordi ng nmedi um

havi ng i nproved fringe characteristics can be

obt ai ned. [0049] After the negative pattern of the

magnetic recording pattern is given to the resist

layer 4 in step D shown in Fig. 5 in the case when

t he depressed regions 8 of resist layer 4 remains,

the depressed regions of resist |ayer are renoved
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while an inert gas such as argon gas or Ny gas is introduced. Thus
the ion milling of the carbon mask layer and the ion milling of
the surface layer portions of the magnetic layer should preferably
be carried out by an optimum procedure and under optimurm conditions.
[0052] 7
The regions of the magnetic layer, from which the surface
layer portions corresponding to the negative pattern have been
removed, are subjected to a treatment for modifying the magnetic
properties or demagnetizing in said regions of magnetic layer.

More specifically, said regions of magnetic layer are treated, for



[0051] In the production process, the
above-mentioned renoval of the residual carbon |ayer
is preferably carried out by a reactive ion etching
nmet hod usi ng an oxygen gag. The above-nenti oned
removal of the surface layer portions of the magnetic
| ayer is preferably carried out by dry etching, for
exanple, ion mlling while an inert gas such as
argon gas or N2 gas is introduced, Thus
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propertLes—modlflcatlon or demagnetization, oxide layers
surrounding magnetic particles at grain boundaries are easily
selectively etched by, for example, a reactive ion etching
apparatus using a fluorine- containing gas, and consequently the
oxidation reaction of amagneticmetal such as cobalt inthe magnetic
layer with oxygen or ozone can be accelerated and the modification
of the magnetic properties or demagnetization in the regions
partitioning a magnetic recording pattern can be effected with a
more enhanced efficiency.

[0054]

In the present invention, the magnetic layer can have a

two-layer structure comprising a granular structure comprised of



structure, magnetic crystal particles are separated
- by non-magneti c phases, and hence, nagnetic
interaction anong the particles is weak and the
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discrete type media wherein magnetic recorcing patterns are
arranged in tracks fashion; and servce signal patterns and burst
signal patterns.

[C056]

The magnetic recording medium of the present invention is
preferably a discrete type magnetic recoding medium in view of
simplicity and ease in the production, wherein the magnetically
partiticned magnetic recording patterns involve magnetic recoding
tracks and serve signal patterns.

In the process for producing the magnetic recording medium

of the present invention, after the step F of medifying the magnetic



partitioned magnetic recording pattern should be
construed to be included in the magnetically
partitioned magnetic recording pattern in the
magneti ¢ recordi ng nmedi upgof the present invention.
By the term"magnetic recording patterns” as used in
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[0058]
The thickness of the overcoat 9 is preferably not larger than
10 nm. If the thickness of the protective overcoat is larger than
10 nm, 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 protective overcoat is usually carried
out by a sputter method or a CVD method.
A lubricating layer (not shown inFig. 6) ispreferably formed

on the protective overcoat. The lubricating layer is formed from,



depressi ons whi ch have been filled or have not been

filled with a non-magnetic naterial, is usually
coated with a protective overcoat 9 as illustrated
in step |l in Fig. 6. The2évercoat 9 can be forned

froma material conventionally used for the genera
overcoats, which includes, for exanple, carbonaceous
mat eri al s such as carbon (C), hydrogenated carbon
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[0060]

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

When the head is floated at a floating height in the range
of 0.005 pm to 0,020 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



combi nati on of the above-nentioned nmeans can provide
a high recording density. Mire specifically, in the
magnetic recording nedium of the magnetic
recordi ng-reproduci ng appératus, the nmagnetic
recording tracks are magnetically discrete, and
therefore, the recording head width and the
reproduci ng head mﬁdth can be approximtely the sane
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70CokbRSHIRIG,-1812082 )K20Loy (the numerals 1mmed1ately before the

elements indicate percents by mole of the elements) were formed

in this order by a DC sputtering method (Fig. 5, step A). Then
a carbon mask layer was formed on the magnetic layer by a P-CVD
method (Fig. 5, step B). The thickness of these layers were as
follows. soft magnetic 60Fe-30Co-10B layer: 60 nm, intermediate
Ru layer: 10 nm, magnetic layer: 15 nm, and carbon mask layer: 30
nm. A Si0, resist was formed on the carbeon mask layer by a
spin-coating method (Fig. 5, step C). The Si0, resist had a
thickness of 100 nm.

[0063]

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®) (Fig. 5, step D).



MyO P20band Sb203-ZuOQ, and has an outer dianmeter of
65 mMm and an inner dianeter of 20 nm and an average
surface roughness (Pa) of 2 angstrons. [0062] On
the gl ass substrate, a sd&Bt magnetic underl ayer
conposed of 60Fe-30Co-10B, an internedi ate |ayer
conposed of Ru and a nagnetic |ayer having a
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wagowasied in the range of 10%to 50% by changi ng the

shape of the .pat T real i f..th
depPes TR T 0 REF T G eEr oty aren, TR eal
correapmdiofy thetieps exfsitbas CRROPhEEkt addpeaergngenoved by

dry etching (Fig. 5, step E). The dry etching for the resist layer
was carried out under the following conditions. CFj;gas flow rate:
40 sccm, pressure: 0.5 Pa, plasma power: 200W, bias voltage: 20
W, and etching time: 10 seconds. The dry etching for the carbon
mask layer was carried out under the following conditions. O gas
flow rate: 40 sccm, pressure: 0.3 Pa, high frequency plasma power:
300W, DC bias voltage: 30 W, and etching time: 30 seconds.

[COB5]

The surface layer portions in the depressions of the magnetic
layer were removed by ion etching (Fig. €, step F'). The ion etching
was carried out under the following conditions. N; gas flow rate:
10 sccm, pressure: 0.1 Pa, acceleration voltage: 300 v, and etching

time: 5 seconds. The depth “d” (Fig. 6, step F) in the region from



di fference between the two areal ratios, obtained in
the Exanples and the Conparative Exanples, are shown
in Table 1. The thickness of the patterned resi st

| ayer was 80 nm and the t2Hi ckness of the depression
portions of the resist |layer was about 5 nm The
depression portions had an angle of about 90 degrees
to the substrate surface. [0064] The depression

ortions of the re t
which SHrtEHS Jgqi"retrhgocar %r? flrr%é(gﬂ?%qg% gggfek%%{a?r%\é/g 41y
remodkd, et.ehi nghi®inpss ofstepowd Su?ﬁécﬁr%/aﬁéilbiﬂoﬁﬁlf’%rOf

magné{ﬁ%lﬂa§g§t &qugmmﬁﬁq garried out under the fO||0MAng
onditrons. gas flow rate:

0. Brren= GRASTRE GOREPES 260V B ioks: oreagerLoge b Akde™
are r@itc&bﬂg:efd iﬁ?th i@.e@@@ﬂ&nas%ﬁaﬁéy 3etwehiengxppared he ozone

gas ‘F}b}]ieoﬁzﬁaec%%ﬁ zils OWBZ%ré Wrtjg gér 1%1% following
condpriassur eFld aRa, ofii ghofe @Gﬁ;éné? W%ﬁ@rﬁé\%?e W

voh b 30 Wanangd uedahitad t binpBradd-<3€a80ds.
eXpO%O% §rL?he sﬁg%%%e Iayre1r portions i nm?ﬁe depr essi ons
Imagnetic layer were removed by ion etching
( FTEe 1851 86ED cExbon Teek Diyeat s nge nead deat mesdsoutayer

der the fol dit g

were B AL 08 ORI g S iy
dry anchietchiFdg. 6 neters Gecoldm aTher fegs rlayaa-r PRFELOTS,
tmék&? . ) abgu{ he tEeQ'rﬁ’tﬂ Efomé%a Mbi ch 15?&8,@@-«, kaye¥ed by

magnetic |ayer has een i.al
dry @@%@y@dusmgean 1971 BkAESRI GPPEERDYRE “sTl rffléf&’egﬁ“%?yﬁ argen
of 1@%%:&?&1 eresh@@&@e@)fm anﬁrfor\l\lastﬁ@ﬂiﬂnf gltime of 5 seconds
, reafter t ose ions o i yer,
Flg\nhgcr?teé)rg 'not fb%ﬁé‘r SaR7 rP]iqswEeecg%t?%on rras%ttl gljcceﬁl ,
thickeees expbsed waE doomed gashahidenaiiondayas Wa@ f Povitep
, arﬂ% %1&??% @rs Hs%net IE%nEQ_lell% Q%rﬁ@aﬂ'ﬂi Eh.@l'ﬂscoa%lﬁ!ﬁ’ with

one . SCCM pressure. 8%9%1
a thwlnreessmfsféé@ha@s 5%@%6@?%1% Ct%wﬁéilé%r%le ES ction

of al 9663t {theceeslidngl naarkaen mask |ayer and the

resi gﬁi& resist layer were renoved fromthe |am nate
f orl© gnetic recording nmediumby dry etching (Flg

6, TatefhG-profhend ansmetacerdcayer nporadiom was rotated at

a hl&ah§§§§f%% e@gfgété'gﬁ% ﬁ18£%lﬁ§ dﬂg%aﬁﬁgfﬁgﬂibé @¥eh head
usli ng an_ion |ng
slidappbratius aamdthl @%/ 3’%& émbﬁﬂﬁr @ofﬁngth of gbo The
evaluation of the flocating characteristics was conducted by
measuring the largest limit of floating height (nm) at which the
head slider is contacted with the magnetic recording medium. The
results are shown in Table 1. The smaller the largest limit of
floating height, the more satisfactory the flecating
characteristics of the magnetic recording medium.
[0068]
Table 1



of 10 sccm a pressure of 0.5 Pa for a treating tine
of 5 seconds (Fig. 6, step H. Then a carbon
protective overcoat with a thickness of 5 rimwas
formed on the nagnetic | &fer (Fig. 6, step 1), and
finally a fluorine-containing lubricant filmcoating
wth a thickness of 2 nmwas forned thereby

conpl eting the production of a magnetic recording
medium [0067] The thus-produced nmagnetic recording
meldi um was r{ot at edirai ratia ohfieptesspeed)t o eval wLateest heé
fl oaﬂaﬁ%bghcraﬁt erlsti cshoéat% heaglr slidar HFayimg a

width of 30Q }jun_and a le of 500 pm |Thewht
evwmmﬂ eristids %;%‘. fm )

condirenel by nedburing tHE | argest G nit| of floati ng
heff ghtm bR |at whi ch the dsead slidef is jcontdcted
W tr‘a;}a&‘ﬁbfﬁagnet | gy recordi medi um he resuﬂs ar e
s al

le 1. The snal]er the I%gest n%g
f I odteRgEHei|ght , ®t he nore ®atisfactoty the flGating
chiariaahekisstli cs &f the nmagHeti c recdfdi ng nmedi-um

[0 G@Hﬁ gk@l g 1 3¢y Arealrajp of deprgssbns Laggest

Exja gervo,ln data Oy fference fbatijng ea
arle gé’%@ﬁﬁt (Inm) dExan'ph %050 60 - 1057 Exam §5 50
5 6

55 -ExaBpEBxgm ph3® 50 50 (205.1 Exarfle 4
Exiang ol o8 60 40 10 7.1 Exapple 6 307#0 -10 66.2

Exlanpl e .,7.30 30 4 le 8 30 0106.448Exam

ph Fatpd1ed 5 bl ph 10 207207 d 4 8-

Expfpterh il 40 5 § 5.
9
3

-
3
7 Com? Ex. 1 50280 -130 1374  dom
. BCom2ER0L 40 -2609.7 Comd0 Ex. 3 563B0 20 9.184 Corm
Exl 4,820 [30 18

70 -20 9.7
Com.Ex. 3 b0 30 20 93
Com.Ex 4 50 20 30 10.3
Com.Ex. b 30 50 =20 8.b
Com.Ex. 6 30 10 20 9.9

[00691]

Bs seen from the data given in Table 1, when the absolute
value for the difference between the areal ratic (%) of depressions
in the servo information areas and the areal ratio (%) of depressions
in the data areas is not larger than 10 (%), the largest floating

height of the head slider can be reduced to an important extent.

Industrial Applicability

[0070C]

According to the magnetic recording medium of the present
invention which has a magnetic pattern with elevations and
depressions on a magnetic layer, stable head-floating
characteristics canbe attained. Thus, the largest floatingheight
can be reduced to great extent, and the magnetic recording medium

exhibits a high recording density.



Com. Ex. 530 50 -20 9.5 Com. Ex. 6 30 10 20 9.9
[0069] As seen fromthe data given in Table 1, when
the absolute value for the difference between the
areal ratio (% of depresdions in the servo
information areas and the areal ratio (% of
depressions in the data areas is not larger than 10
(o), the largest floating height of the head slider
can be reduced to an igﬁg nt extent. Industria
Applicability [0070] cc %ing to the magnetic
recordi ng nedi um of the present invention which has

a ﬂﬂgae&ég?ggi({ QIR Py ehLyiatd ﬁa&@@% rHERELSS IS ern

on magn ayer, stable head-floatin
magneHiHoNer A REi AT ARA DHBASRY Bl heaYeHTh ﬁ%m?%é’nl%ﬁ B3t one
surfhéoOatd ﬁgnhﬁl-lﬁélﬁne&ﬁﬁ slagste@lw,ed:Ha@agteﬁze@(tmnthaanme

the m gﬁetlc record dlUﬁ%r%X qﬁn 3 .
magntuPg IHéﬁé%FVrlgﬁ T, ghe |c reé%? ge
regiomsliumrivaniihgg eeavdgedt rtbe pIaMIEEf’CrlC regrets c albioyein the
non—-l{s?%%r#étt:ﬂco 9%890@5 RGN Hbrbayfins fR1ABN,ON: AtrH-LRASENOPEC

ace of "a non-magneti c substrate, characterjzéd in
PatteRat WeTaFagHet IRF PAEPePATRPS SUNPPF 8t o1° PRGN EET E°
inforR iSa Ak ,N@AC MBOASEd 0t J gl N6 £ Sl OUTRH eg cededtwetn

t he .magnet i r.egi.o wher ei.n the non t :
the GTOREER P U PRE e B o BT e Op B PRBES I Fne areal
ratlpafttelerdeprlee sirags ehithepetver mcumpt L segrdas asarcgasirger
than servo infornmation areas, and an absol ute val ue
?he di fference between the areal ratio of the
deiér eJ&icOR3IRGE 1 & R a1 as SBRIHNY SCRETAFHAITO CAED of

wheréﬂ‘? IRPLessi oA id) dehensesMsrddafionsaih hcAtads dsediotis
tg er t?ago 10% The magnetic recordi ng nedi um

in thg “h IS MY wherein the areal ratio of the
deBreﬁmeomsgmétidurewmkdiage&sﬁmgLabnorﬁhmrangel@ﬁnﬂO%ﬁ

2, wlgggeﬁ%"/‘ihg-rdaﬂ%fagﬁgg%& LeCOLd] N Esﬂgym@&%r dingkd an

erein the data areas formelevations
the demstdnsgsi-ng tracks in the data areas. 4. The

migneti['h% ﬁggﬁé@i@&é&@dﬂﬁg&ﬁé‘dmﬂi Agcbedaity tenengfone of
cla11§§ Ziago %d Vfci’ﬁ‘é:ej_n £epgrheessde L ess't%gsdé{]a tat}eeagagr?d the
depressions in the servo information areas have a depth in the range
c¢f 0.1 nm to 15 nm

5. The magnetic recording medium according to any one of
claims 1 to 4, wherein the magnetic regions comprise a magnetic
layer having a granular structure comprised of magnetic grains each
surrounded by an oxide.

6. The magnetic recording medium according to any one of
claims 1 to 5, wherein the magnetic regions comprise a magnetic
layer having a two-layer structure composed of a granular structure
comprised of magnetic grains each surrcunded by an oxide, and a
non-granular structure, formed on the granular structure.

7. A magnetic recording/reproducing apparatus
characterized by comprising, in combination, the magnetic
recording medium as claimed in any one of claims 1 to 6; a driving
part for driving the magnetic recording medium in the recording

direction; a magnetic head comprising a recording part and a



depressions in the servo information areas have a

depth in the range of 0.1 nmto 15 rim 5. The

magneti ¢ recordi ng medi um according to any one of

claims 1 to 4, wherein th& magnetic regions conprise

a magnetic |ayer having a granular structure

conprised of nmagnetic grains each surrounded by an

oxi de. 6. The magnetic recording medi um according to
repr@&éfcﬂgge 0@t ; Geah@Be ItﬂQVJ'.EHg @rn‘f‘dg'% the HBgNel ixCrelative

s conprise a nagnetic having a two-layer

motigp rmtﬁhee H@@ﬁﬁ’é—'s%drﬁﬁorﬁllgﬁalﬁ%ﬂildﬁﬂfs@@cﬁuF%co%ﬁﬁr i sed

and- Qépmtn:gcsgjrtﬂilnﬁi:§§t@:thgsﬂéé@§ m&d%fyumn@x?malaﬂd the
ranul ar structure r n e ranu
maang G AFAREE I SR RRHERF S GURRH T e Bl Gy fgrasmet ic

headappar at us characterlzed by conprising, in
conmbi nation, the magnetic recordi ng nmedi um as
claimed in any one of clainms 1 to 6; a driving ©part
for driving the magnetic recording nediumin the
recording direction; a nmagnetic head conprising a
recording part and a 32 reproducing part; means for
novi ng the magnetic head in a relative notion to the
magneti c recordi ng nmedi um and a recording-
and-reproduci ng signal treating neans for inputting
signal to the mgnetic head and for reproducing
out put signal fromthe magnetic head.



