20 DECEMBER 2005 - 1 TITLE OF THE | NVENTI ON METHOD FOR FORM NG A MAGNETI C
PATTERN | N A MAGNETI C RECORDI NG MEDI UM A MAGNETI C PAR{ bRYEMBRM 63 DEVI CE,
A 5 MAGNETI C RECORDI NG MEDI UM AND A MAGNETI C RECORDI NG DEVI CE  BACKGROUND
OF THE | NVENTI ON FI ELD OF THE | NVENTI ON The present invention relates to a
met hod for formng a magnetic pattern in a magnetic recording nedium 1o
used for a magnetic recording device, nethod for producing a nmagnetic
recordi ng medium a nmagnetic recordinginmediumand a nagnetic recording
device. DI SCUSSI ON OF BACKGROUND A nagnetic recordi ng device represented by
a 15 magnetic disk device (a hard disk drive) has wi dely been wused as an
external nenory device for an information processing device such as a
conputer, and has recently HeERLsed BEEaINEENTAPNg device for recording
dynami c inmages or a set-top box. 20 Cenerally, the magnetic disk device
houses a si ngl ETEPD pFARaFPRYING AadReNET 1d] FesI THRN alN rRe @RI epr oduci ng
head. As the recording/ reproducing head, a flying head is generally used
wherein it nBVEEORIINGY BINENMfraghcfAGNETER BATAEBNNEOBMING| PENGCHei ght . 25

O her than the flying head, the use of a contact head is proposed in order
t o make 5t heAFNEEBRC eREGORRENFe YIEDHUMC PdBe A MAGNDEGEVEER GRIPENG DEVICE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The present invention relates to a method for
forming a magnetic pattern in a magnetic recording medium
10 used for a magnetic recording device, method for
producing a magnetic recording medium, a magnetic
recording medium and a magnetic recording device.

DISCUSSION OF BACKGROUND

A magnetic recording device represented by a

15 magnetic disk device (a hard disk drive) has widely been
used as an external memory device for an information
processing device such as a computer, and has recently
been used as a recording device for recording dynamic
images or a set-top box.

20 Generally, the magnetic disk device houses a single
or plurality of magnetic disks and a
recording/reproducing head. As the recording/reproducing
head, a flying head is generally used wherein it moves
above the magnetic disk at a constant flying height.

25 Other than the flying head, the use of a contact head is

proposed in order to make the distance to the medium

closer.



- 2 The magnetic recording nmedium such as the nmagnetic disk is generally
prepared by formng a NiP layer, a netal underlayer, aopagR®idrR Joayer (a
recording layer), a protective layer, a lubricant |ayer and so on on the 5
surface of a substrate of alum num alloy successively. O, it is prepared
by formng a nmetal underlayer, a magnetic |layer (a recording |ayer), a
protective layer, a lubricant and so on on the surface of a substrate such
as gl ass successively. The magnetic recordi ng nedium 10 i ncludes a
| ongi tudi nal nmagnetic recordi ng medi um and a perpendi cul ar magnetic
recordi ng medi umhel magnet lonpdudiiad medinet | suclecas dilhg mednanic
| ongitudinal recording is generally carried out. The tendency of naking the
magneti ¢ di dkskoie denseally haedseen dgcdematey &P byayear ,aand vari ous
techniques for increasing the density have been proposed. For exanple,
there i s anmatténphderlayerease Mavmaninberaydr ta acksohyimarlaweny, t he space
of information recording tracks. For exanple, a density of track of 100
kt pi or 20 popeersimeededeirn er detbrticardalliapeerd Ghddse /omedi2. tha each track
a controlling pattern for controlling synchronization and the position of
the recordsngfaeproduei sgbwagrdats © heddimigidmworaelhy Wiercedwivepace of
tracks is narrowed, it is necessary to make the 25 magnetic pattern
(her ei nbel oWy, r éfeiredrepagsd tdye foamiglg patteyal’ Junsedl£er control 1 i ng t he
position of the nmagnetic head dense in a radial direction of the disk, 20
DECEMBER 20m8gnetic layer (a recording layer), a protective layer, a
lubricant and so on on the surface of a substrate such as
glass successively. The magnetic recording medium
10 includes a longitudinal magnetic recording medium and a
perpendicular magnetic recording medium. In the
longitudinal magnetic recording medium, longitudinal
recording i1s generally carried out.
The tendency of making the magnetic disk more dense
15 has been accelerated year by year, and various techniques
for increasing the density have been proposed. For
example, there is an attempt to increase the number of
tracks by narrowing the space of information recording
tracks. For example, a density of track of 100 ktpi or
20 more is needed in order to realize 100 Gbit/inch?.
In each track, a controlling pattern for controlling
synchronization and the position of the
recording/reproducing magnetic head is formed. When the
space of tracks is narrowed, it is necessary to make the
25 magnetic pattern (hereinbelow, referred to as “the servo

pattern”) used for controlling the position of the

magnetic head dense in a radial direction of the disk,



- 3 i.e., toformthe magnetic pattern in nore nunber, so as to conduct
precise controlling. Further, there is an increased demamkdemBrrd®ds 2 data
recording area to increase the data recording 5 capacity by reducing the
area other than that for recording data, nanely, an area used for the servo
pattern and gap portions between the servo areas and the data recording
areas. For this purpose, it is necessary to increase an output of the servo
pattern or to increase 10 the accuracy. of synchronization. In the
conventional technique, there has been widely used a nethod wherein an
opening is foenedtbnfbhe tweCmaighetdfc the dwead jactistomefbéhe doixe (the
magnetic recording device), a pin wwth an encoder is inserted into 15 the

openi ng to engagadube getudker cwiritdrdineme.n whereby the head is driven to a
correct position to record the servo pattern. However, such nethod

encountered di Fliretlely ithdrecordidly oiretddy dde5@rve pasépra because
the position of the gravity center of the 20 actuator was different fromthe

position of dkhe geavirtlingCambear tof iadiesidd aa@aechsdusidis® that highly
accurate track position control could not be obtained. On the other hand,
there i ss a papposeg bgchpdquéndgt hdde laaser drdars tdren ithadi &ded to a magnetic
disk to 25 deformlocally the surface of the di sk whereby projections and
recesses areephydiagl Bythor mededy,t kat arser v guhtier nshofsqrop ecti ons and
recesses are produced. 20 DECEMBER 2005
pattern and gap portions between the servo areas and the
data recording areas. For this purpose, it 1s necessary
to increase an output of the servo pattern or to increase
10 the accuracy of synchronization.
In the conventional technigue, there has been widely
used a method wherein an opening is formed in the
vicinity of the head actuator of the drive (the magnetic
recording device), a pin with an encoder is inserted into
15 the opening to engage the actuator with the pin whereby
the head is driven to a correct position to record the
servo pattern. However, such method encountered
difficulty in recording correctly the servo pattern
because the position of the gravity center of the
20 actuator was different from the position of the gravity
center of a positioning mechanism, so that highly
accurate track position control could not be obtained.
On the other hand, there is a proposed technique
that laser beams are irradiated to a magnetic disk to
25 deform locally the surface of the disk whereby

projections and recesses are physically formed so that

servo patterns of projections and recesses are produced.



- 4 However, this technique had problens that the forned projections and
recesses made the flying head unstable to affect adverggipcpvisil HpHg or
reproduci ng i nformation; |aser beans having a | arge power was necessary in
order 5 to formthe projections and recesses, thus being costly, and it
took much time to formthe projections and recesses one by one. In view of
t he above, sone servo pattern formng nethods are proposed. 10 As an
exanple, there is a method that a servo gpattern is formed in a master disk
having a magnetic |ayer of high coercive force, the master disk is brought
to cl ose coflcastvew ,t tHilke trmagmeique disk,paridl ans atixat | ey foagadtic field is
applied fromthe outside whereby a 15 nagnetic pattern is printed (USP
5,991, 104) . pAs janatiners exahpleseddrsr endde aahethdinndnabead wmghnebile diosk is
previ ously magnetized along a certain direction; a soft magnetic |ayer
havi ng a hi gl feper rebkidsaly armtdmwrgpercinepfatceing fofoedabyof0
patterning on a nmaster disk, and the naster disk is brought to close
contact witHhake megmet ihawdirgk,a drd-ddhemwenwaxtrezoassangneti crileel d i s
applied. The soft magnetic |ayer serves as a shield, and a nagnetic pattern
is printed to dommshicelpded ertaa (s endISR G867 1dhus 25 BR9164561and
"Readback Properties of Novel Magnetic Contact Duplication Signals with
H gh Recordiemg Déngicok nkRh (Suw tty Rmm .the phipestiofis | anér Mag 2000,
GP- 06, 20 DECEMBER 2005
recesses one by one.
In view of the above, some servo pattern forming
methods are proposed.
10 As an example, there is a method that a servo
pattern is formed in a master disk having a magnetic
layer of high coercive force, the master disk is brought
to close contact with the magnetic disk, and an auxiliary
magnetic field is applied from the outside whereby a
15 magnetic pattern is printed (USP 5,991,104).
As another example, there is a method that a
magnetic disk is previously magnetized along a certain
direction; a soft magnetic layer having a high
permeability and low coercive force is formed by
20 patterning on a master disk, and the master disk is
brought to close contact with the magnetic disk, and then,
an external magnetic field is applied. The soft magnetic
layer serves as a shield, and a magnetic pattern is
printed to an unshielded area (see USP 3,869,711,
25 EP915456 and “Readback Properties of Novel Magnetic
Contact Duplication Signals with High Recording Density

FD” (Sugita, R et. al, Digest of InterMag 2000, GP-06,



-5 IEEE). In this technique, a master disk is used, and a magnetic
pattern is fornmed in the nmagnetic disk by applying a siommeNgEsisc fiel d.
5 The intensity of a magnetic field generally depends on distances. \Wen a
magnetic pattern is recorded by applying a nagnetic field, the boundary of
the pattern is apt to be unclear due to a stray magnetic field.
Accordingly, it is essential to bring the master disk to 10 contact with the
magnetic disk in order to mnimze the stray nagnetic field. As the
magnetic pattern is finer, it is necessary to bring them close contact

wi t hout anyIEg&p.. Usually, the both nmenbers are press-contacted by using
vacuum suction. 15 Further, the higher the coercive force of the nagnetic
di sk is, the |arlgerthitise tegmetdue f ielmhased dogk psinsédg &sd and
accordingly, the stray nagnetic field becones |arge. Therefore, the perfect
cl ose cont ackgneticegaittedn 26 Accoredi ngl the heabevies méhgk omed t echni que i s
easily applicable to a magnetic disk of |low coercive force or a flexible
fl oppy (trademavkngdiesletwiench megredsy tfoeoht act.  However, it is very
difficult to apply this technique to a nmagnetic disk for high density
recordi ng whi ch Thes iatEscder diver frragestoic 3 0001 enerabie. diareby, in the
magnetic disk conprising a hard substrate, there was a possibility that
fine dust deposiiséanckereofinar gheagnaeti20rPECENBERS20GForded by

applying a magnetic field, the boundary of the pattern 1is
apt to be unclear due to a stray magnetic field.
Accordingly, it is essential to bring the master disk to

10 contact with the magnetic disk in order to minimize the
stray magnetic field. As the magnetic pattern is finer,
it 1s necessary to bring them close contact without any
gap. Usually, the both members are press-contacted by
using vacuum suction.

15 Further, the higher the coercive force of the
magnetic disk is, the larger the magnetic Yield used for
printing is, and accordingly, the stray magnetic field
becomes large. Therefore, the perfect close contact is
required.

20 Accordingly, the above-mentioned technigue is easily
applicable to a magnetic disk of low coercive force or a
flexible floppy (trademark) disk which is easy to contact.
However, it is very difficult to apply this technique to
a magnetic disk for high density recording which has a

25 coercive force of 3,000 Oe or more. Namely, in the
magnetic disk comprising a hard substrate, there was a

possibility that fine dust deposited thereon at the time



- 6 of contacting closely whereby a defect was resulted in the magnetic

di sk, or an expensive naster disk was damaged. In a cas®BUEMBER RS
substrate, in particular, there was a problemthat the deposition of dust

m ght s cause insufficient close contact, so that it mght be inpossible to
conduct magnetic printing, or a crack was resulted in the magnetic disk. On
the other hand, in the technique described in Japanese Patent Application
Nos. 2000- 134608 and 2000- 10 134611, a gmgnetic pattern is fornmed in a
magnetic recording nediumin the conbination of heating a local portion and
appl yi ng anoéxtentalk timgnetlicslivelwherdry axdmpie; e sredéswml tgdnagneti zed
previously in a certain direction; pulse-like energy beans or the |ike are
15 i rradi at €tet naghe triedidimkt. hrougn &prnsrrrediasske tdlsleavast he nedi um

| ocal ly; an external nagnetic field is applied while the coercive force of
the heated demagisl.re@ucedcsse phak peéessdismgpsits adenduct ednto dthieaheat ed
area by using the external magnetic field. Thus, a magnetic pattern is 20
formed. Accohdrrgwes ehips ddemitdwe thfe dexes iy iet ¢est onnegdtwith a
relatively weak external magnetic field because the coercive force is
reduced by heasengnsufdrittient silwse tdmttada f97 Fexordf myldlktibPaited to the
25 heated area, and there is no possibility of recording to the area other
t han t he heale@sgi&®a Seren Apeh Atha&agnginet ik ¥itelnp i oBppl ¢eACkheprét 0, a

cl ear magnetic 20 DECEMBER 2005 ,
- resulted in the magnetic disk.

On the other hand, in the technique described in
Japanese Patent Application Nos. 2000-134608 and 2000-

10 134611, a magnetic pattern is formed in a magnetic
recording medium in the combination of heating a local
portion and applying an external magnetic field. For
example, a medium is magnetized previously in a certain
direction; pulse-like energy beams or the like are

15 irradiated to the medium through a patterned mask to heat
the medium locally; an external magnetic field is applied
while the coercive force of the heated area is reduced so
that recording is conducted to the heated area by using
the external magnetic field. Thus, a magnetic pattern is

20 formed.

According to this technique, the recording is
performed with a relatively weak external magnetic field-
because the coercive force is reduced by heating.
Further, since the area for recording is limited to the

25 heated area, and there is no possibility of recording to
the area other than the heated area even when the

magnetic field is applied thereto, a clear magnetic



- 7 pattern can be recorded without bringing the mask to close contact
with the nmedium Accordingly, there is little possibi kobgcEm®ER?206s nedi um
or the mask is damaged by the close contact and causi ng an increased defect
in 5 the nmedium Further, this technique nmakes it possible to forma good
obl i que magnetic pattern which was difficult to form According to this
techni que, various kinds of fine magnetic pattern can be fornmed efficiently
with high 10 accuracy w thout danagi ng the medi um or the mask, or
increasing a defect in the nedium In the nagnetic recording nedia used
recent |y hawettsuch qgrrodbemsetdadedndi vhdual bmagoenoc téemmiasgk &oe smal |
because the nediumis recorded with high density and 15 unwilled reversal is
apt to occurcldse towraatfangetbf the hedtunr regpetdrnglel dthbeeeby stability
in recording may decrease. In order to prevent this, it is necessary to
make the grlaittlsi zofikeystal thatt heerwededinngr| &fer meusil L ssolam@@achat t he.
medi um has a high coercive force and a high S/N. However, when the grain
si ze of crystaltliss qveike strmttact t feddyaasicocerr chesehsede degegpt 1o be
| arge. Further, in order to increase the thermal stability of nagnetic
donmi ns, 5t héte med iustenfly hesh privposierrami aws mHCS aht i PPestbhaghetic
coupl ed) mediumwhich is formed by Iamnating two or nore magnetic |ayers (a
principal rgetd g P biiia haghetie DABBRrRY¥R)Chy WRgt 8RFdsiCNg 220
DECEMBER 2005
to form.
According to this technigque, various kinds of fine
magnetic pattern can be formed efficiently with high
10 accuracy without damaging the medium or the mask, or
increasing a defect in the medium.
In the magnetic recording media used recently have
such problems that individual magnetic domains are small
because the medium is recorded with high density and
15 unwilled reversal is apt to occur due to a change of a
heat or magnetic field whereby stability in recording may
decrease.
In order to prevent this, it is necessary to make
the grain size of crystal in the recording layer small so
20 that the medium has a high coercive force and a high S/N.
However, when the grain size of crystal is made small,
the dynamic coercive force is apt to be large.
Further, in order to increase the thermal stability
of magnetic domains, there has recently been proposed an
25 AFC (anti-ferromagnetic coupled) medium which i1s formed

by laminating two or more magnetic layers (a principal

magnetic layer and a magnetic underlayer) by interposing



- 8 a Rulayer or the |like having a thickness of several Angstrons wherein
the thermal stability of the principal rmagnetic |ayer JoDHIEIESSAMs DY
coupling magnetically between these magnetic |ayers between which the Ru
|l ayer 5 is interposed. Since this nmediumhas a | arge apparent coercive
force, a large magnetic field is required in order to reverse
magneti zation. A so-called coercive force neans generally a coercive force
nmeasur ed based on a B-H | oop (a hysteresi s 10 | oop) obtai ned when a
magnetic field is sweeped over long tine of several 10 sec, i.e., a static
coercive f@rBe. laderherother 1Hé6@dhaa’1d%a?nté'ﬂéé@“r%‘iﬁlé3ﬁ ofeeerala coercive
force obtainable from sweeping a magnetic field for a very short tine such
as scanni ngAByshrangnehies sheadhelshogmal takl dansofa drerry eciprte
obt ai ned when a nmagnetic field intensity is changed for a short tine of 1
sec. or |es82oTRReFallPyert A6 dPREREE SCodltiCRIFIOMe Ragnefiyerl than the
static coercive force. The dynam c _coercive force 20 varies largely
dependi ng oﬁeéwﬁﬁﬁ‘et%ieéﬁh“‘raﬁr\ﬁﬁllé’h IPHE AR RET BT SSRhdhyetiZvahd it
indicates a,large value_ as the tinme width is shorter. For exanple, the
dynani ¢ > coeéfcivecrBPeedobt &i Aed B?lép‘;ﬂﬁ?ilH@ Bafngndeireef PEPATBIE 100 nsec.
is generally larger than the dynam c coercive 25 force obtained, by appl yi ng
t he nagnetl%O?F%iLHef 6PrEesel. LapgSyBegriatdd D it iU YR N i s
essential in order to provide hl% eﬁnsmy, it is inavoidable that the 20
DECEMBER 206.‘6 er to reverse magnetlizatlon

A so-called coercive force means generally a
coercive force measured based on a B-H loop (a hysteresis
10 loop) obtained when a magnetic field is sweeped over a
long time of several 10 sec, i.e., a static coercive
force. On the other hand, a dynamic coercive force 'is a
coercive force obtainable from sweeping a magnetic field
for a very short time such as scanning by a magnetic head.
15 Usually, it means a coercive force obtained when a
magnetic field intensity is changed for a short time of 1
sec. or less.
Generally, the dynamic coercive force is larger than
the static coercive force. The dynamic coercive force
20 varies largely depending on a time width in which the
magnetic field is changed, and it indicates a large value
as the time width is shorter. For example, the dynamic
coercive force obtained by applying a magnetic field for
100 msec. is generally larger than the dynamic coercive
25 force obtained by applying the magnetic field for 1 sec.
As described above, since a high $/N is essential in

order to provide high density, it is inavoidable that the



- 9 dynamc coercive force of such magnetic recording nedium for high
density recording is large. For exanple, in a nmagneti QomgxevisEg20gedi um
having a recording density of 30 to 40 Ghit/inch2 |evel, the dynam c
coercive force 5 reaches twice or nore as nmuch as the static coercive
force. For such nmedium a magnetic head having a high witing ability is
required even in a case of witing wth the head. Wen the nagnetic | ayer
of such nediumis heated and 10 magneti%ed with pul se-li ke energy beans for
a very short. tine of several 10 nano sec in the above-nentioned _magnetic
pattern for AYAGMLEC KRISFEE,Y S HOTHMa SHIertaddnet ¥oreecPsdihg oreedun

dom nantly. Nanely, even when a nmgnetic field exceeding the static
coercive fof@& Qtlgg'lhélef?lﬁéfatrler@rtqlﬁtg i dipT9%d, e SHEqRtS ¢ ¥4 et d
intensity is insufficient, and a magnetic pattern having_a sufficient

out put of sPGREE Ty TGO o MAst UMD dihdt G FER9 ndeRssayYy©ofo apply
an external magnetic field whi,ch can overcone the dynam c coercive force at
the heating>ti 4@0th6trfﬁ-éﬁé"(2i 28VEHe ﬁé@né}tyinémll%é:to.erlcﬁ-vﬁarqu ar, in a
case that an interference fringe of non-concentric circle geperates in the
medi um by t REAVESs S U RaL T FETE SRt bétdelr tHe ESKCARtCthe nedi um is
not constant. or the_like, there.results a concentric.25 circle area of
strong |ight 45§ a EQhceHf i@egil%‘l’eaafné ne %I\glgléq gHEng 2 j“d%}?k ar ea,
the coercive fonog ofthe, moneths Jayer,does, mote Ul Tipigpt Ly gecr ease,
and a 20 DE 2 - AT

with the head.
When the magnetic layer of such medium is heated and
10 magnetized with pulse-like energy beams for a very short
time of several 10 nano sec in the above-mentioned
magnetic pattern forming technigue, the dynamic coercive
force is involved dominantly. Namely, even when a
magnetic field exceeding the static coercive force at the
15 heating time is applied, the magnetic field intensity is
insufficient, and a magnetic pattern having a sufficient
output of signal may not be formed. Accordingly, it is
necessary to apply an external magnetic field which can
overcome the dynamic coercive force at the heating time
20 to magnetize the magnetic layer.

In particular, in a case that an interference fringe
of non-concentric circle generates in the medium by the
reason that the distance between the mask and the medium
is not constant or the like, there results a concentric

25 circle area of strong light and a concentric circle area
of weak light. 1In a dark area, the coercive force of the

magnetic layer does not sufficiently decrease, and a



- 10 large external magnetic field is needed for magnetization. However,
there is a way of applying a large external magnetic flgjitpMirk 98 of a
per manent magnetic which generates usually nmagneti sm However, the
permanent 5 magnet nmay magneti ze an area other than the heated area whereby
a predeterm ned nmagnetic pattern is not obtainable; noises are generated in
an area magnetized previously, or a magnetic pattern which has once been
formed may be erased. 10 SUMVARY OF THE1 H NVENTI ON Therefore, the present
invention is to provide a nethod for applying an effective external
magneti ¢ fi éhdget exaemagietiagneedor diirg dredi urmdrmd npra thghe diynanion .
coercive force in the technique to forma magnetic 15 pattern in the
magnet i ¢ recor diHogevedi, urnhey ecdrsbianiwey tdfe apptimata oleofe heatetnaa | oca
portion and an external magnetic field. It is another object of the present
i nventi on tmagpeotiicdéielmewhod fuse fodr @ pgrefarectt velgnet ¢ nehialgnetic 20
pattern in a magnetic recordi ng nmedium for high density recording, an AFC
medi um or tdenkirkégsaudevildy fepnefdism.ngHoWevangnéhiec ppateaemt a magneti c
recordi ng nmedium and a magnetic recordi ng device capabl e of high density
recordi g i hagnshomayt MAENes 14s ecoRdFiac Atheanidan 289 megest danee with a
first aspect of the present invention, there is provided a nethod for
formng a Waghebycapareepreliapp! Veggca 1t PSt te&arerifalnqfagneti ¢ 20

DECEMBER 2005 ) . _
obtainable; noises are generated in an area magnetized

previously, or a magnetic pattern which has once been
formed may be erased.

10 SUMMARY OF THE INVENTION

Therefore, the present invention is to provide a
method for applying an effective external magnetic field
to a magnetic recording medium having a high dynamic
coercive force in the technique to form a magnetic

15 pattern in the magnetic recording medium by combining the
application of heat to a local portion and an external
magnetic field.

It is another object of the present invention to
provide a method for forming effectively a fine magnetic

20 pattern in a magnetic recording medium for high density
recording, an AFC medium or the like, a device for
forming the magnetic pattern, a magnetic recording medium
and a magnetic recording device capable of high density
recording in a short time in an economical manner.

25 In accordance with a first aspect of the present
invention, there is provided a method for forming a

magnetic pattern by applying a first external magnetic



- 11 field to a magnetic recordi ng nedi um having a magnetic -layer to
magneti ze uniformy the nagnetic layer in a predetermoapdcdMBeRizoen and
heating locally the magnetic |ayer while a second external magnetic field
is applied 5 thereto, whereby the heated portion is magnetized in the
direction opposite to the predeterm ned direction, wherein the second
external magnetic field has a pulse- |like magnetic field conponent. )
According to a second aspect of the pre$ént 10 invention, there is provided
a magnetic recording nedium in which a magnetic pattern is forned by the
above- nent féfied fRgAeTMPEITFELCeMF FBIHINTY At gy At ot iepdee i €hird
aspect of the present invention, A there is provided a magnetjc recording
devi ce 15 char§&t EPi FeaNBY 1M G Y FghSaR S ECOorfYRF iediam in which
a magnetic pattern is fornmed by the nethod for formng a nmagnetic, pattern
as descri beBYPRStREMEPESL d1ZSFEACR FTd iNAGTd PorkaGht ort v iNd Hye Ehe

magneti c recordingﬁnediun1inaghrecording directio magneti c. 20 _head

havi ng a reéBY8FnYpdft PoReaR eﬁ§ﬁ?6@ﬂcmm§qﬁﬁ%qIﬁﬁéHQH%ﬁuﬁﬁ%}lﬁﬁving
relatively the magnetjic head wt respect to the magnetic recordi hg nmedi um
and a _r%cofﬁ?ﬁ@F%epr&E@%Ngag%;%%a%ﬁﬁé%§§FﬁﬁlHéhﬁ?QMﬁQﬂFe ubpl 1S a
fecordi o ognalLop! e anel e hoad and 25 Lecelyep & reproducing signal
invention, thereis proyided 2 Jethod for Rducing 2 30, PECEMBER 2005
like magnetic field component.
According to a second aspect of the present
10 invention, there is provided a magnetic recording medium
in which a magnetic pattern is formed by the above-
mentioned magnetic pattern forming method.
According to a third aspect of the present invention,
there is provided a magnetic recording device
15 characterized by comprising a magnetic recording medium
in which a magnetic pattern is formed by the method for
forming a magnetic pattern as described in the first
aspect, a driving portion for driving the magnetic
recording medium in a recording direction, a magnetic
20 head having a recording portion and a reproducing portion,
means for moving relatively the magnetic head with
respect to the magnetic recording medium, and a
recording/reproducing signal processing means which
supplies a recording signal to the magnetic head and
25 receives a reproducing signal from the magnetic head.

According to a fourth aspect of the present

invention, there is provided a method for producing a



- 12 magnetic recordi ng nedium having a magnetic |layer, a protective |ayer
and a lubricant layer formed on a substrate in this ofdsgrcp¥igERddsA
magnetic pattern is forned in the nagnetic |ayer, the nethod being 5
characterized by conprising a step of formng the magnetic |ayer and the
protective | ayer on the substrate, a step of formng the lubricant |ayer on
the protective layer, and a step of applying a first external nmagnetic
field to magnetize uniformy the magretlic 1 ayer in a 1o predeterm ned
direction, and heating locally the magnetic |ayer while applying a second
ext er nal nEGIEEE F iTFP T HRT MR Pl BBV K e? iBgPREF ECf LY E  cofponent to
magneti ze the heated portion in the djrection opposite_to the

pr edet er mi MEPTEGECS TR YRerdly & hegnetiRt patYeF nfPEMeS PBrfed. Accordi ng
to a fifth aspect of the present invention, there s provided a nmagnetic
recordi ng MRSt iy XM abveS et i BReUSheE Bt tBERording to a

si xth aspect of the present inventjon, 20 there is provided a magnetic
recordi ng dOHEE %ﬂuﬁ@ﬁﬁWQQQ%§F%yl%%%5Ti%@%gm%tmﬁénE?Fﬁgrecording medi um
produced by _the above-nentioned nethod, a drivipg_portion for driving the
magnet i & ré@&ﬁﬁQﬁfﬁﬁﬁﬁq;hXrF%FQ%&ﬁﬁ%ﬁnﬁ Sﬁ??e%gig Imingagh8ti ¢ head having

di ti, d 25 duci t] f [
el at i vel y TR Thigreti T HERY W 1T ESPect ¢ ol EHET idgnalF oo Pacor dihg

medium and 3 recording/reproduci g, si anal Processl ngy, 20, PECEMBER 2005
layer, and a step of applying a first external magnetic
field to magnetize uniformly the magnetic layer in a

10 predetermined direction, and heating locally the magnetic
layer while applying a second external magnetic field
having a pulse-like magnetic field component to magnetize
the heated portion in the direction opposite to the
predetermined direction whereby a magnetic pattern is

15  formed.

According to a fifth aspect of the present invention,
there is provided a magnetic recording medium prepared by
the above-mentioned method.

According to a sixth aspect of the present invention,

20 there is provided a magnetic recording device
characterized by comprising a magnetic recording medium
produced by the above-mentioned method, a driving portion
for driving the magnetic recording medium in a recording
direction, a magnetic head having a recording portion and

25 a reproducing portion, means for moving relatively the
magnetic head with respect to the magnetic recording

medium, and a recording/reproducing signal processing



- 13 neans which supplies a recording signal to the magnetic head and
receives a reproducing signal fromthe nmagnetic head. AOBUEMBER 1005
sevent h aspect of the present 5 invention, there is provided a magnetic
pattern formng device for formng a nagnetic pattern in a nagnetic
recordi ng nmedium the magnetic pattern form ng device being characterized
by conprising a nedium hol di ng neans for hol ding the magnetic recording
medi um an energy beam 10 source for enmilBting energy beans, a projection
means for projecting and irradiating the energy beans fromthe energy beam
source to tReapaghBice peebrdiaty nedamhcidm sEmmynet i BheiBrdnRgeherati ng
means for applying a nagnetic field to the magnetic recordi ng nedi um
wher ei n t he'859na§RetTECLIVEISd Syt durg i s Rfehef BB st B MRgeReFeC fiel d
havi ng a pul se-like nmagnetic field conponent. BRI EF DESCRI PTI ON OF

DRAW NGS:  ARRBFe conpl ete appreciation of the invention and many of the
attendant advantages thereof wll be readiI(erf_e 20 optai ned as the sane

becones better GTGEFSHOTH Uy & TRIVHIE 3P THe 7ol Fowi RES88RAI | ed description
when considered i.n conpectign w th the acconpanyi ng draw ngs, wherein:

B 1078 a B EgE ARt LESF Sy oI o S Do Ske Lh Sct S PR Ab

enbodi nent aof the %n%tic. attern faormng device, according to the present
Cnvention; FP§ICE FeTa AFagramlIPER= et dPECiiVe Vi v BIOTREL 20 DECEVBER

2005 recording medium, the magnetic pattern forming device
being characterized by comprising a medium holding means
for holding the magnetic recording medium, an energy beam

10 source for emitting energy beams, a projection means for
projecting and irradiating the energy beams from the
energy beam source to the magnetic recording medium, and
a magnetic field generating means for applying a magnetic
field to the magnetic recording medium, wherein the

15 magnetic field generating means generates a magnetic
field having a pulse-like magnetic field component.

BRIEF DESCRIPTION OF DRAWINGS:

A more complete appreciation of the invention and
many of the attendant advantages thereof will be readily
20 obtained as the same becomes better understood by
reference to the following detailed description when
considered in connection with the accompanying drawings,
wherein:
Fig. 1 is a diagrammatical view partly cross-
25 sectioned showing an embodiment of the magnetic pattern
forming device according to the present invention;

Fig. 2 is a diagrammatical perspective view of the



- 14 magnetic pattern form ng device shown in Fig. 1. Figs. 3(a) and 3(b)
are a plan view and a cross- sectional view show ng theomsiciotBEROI004 Or m ng a
magnetic pattern according to a first enbodi nent of the present 5
invention; Figs. 4(a) and 4(b) are a plan view and a cross- sectional view
showi ng the nethod for formng a magnetic pattern according to a second
enbodi nent of the present invention; 10 Figs. 5(a) and 5(b) are a plan view
and a cross- sectional view show ng theldethod for form ng a magnetic
pattern according to a third enbodi nent of the present invention; Fig. 6 is
a di agr am sRe@rR§Lcheatérat dRer™Y B ieghethe T 6t F Pl sk- to a trigger
pul se for laser light in tine se%uence according to an enbodi nent of the
present inventi 8A9I5Fi ¢.(3 Svhs® PlsAUf at St FRGHERY 228F oR €TtPFE - of the
magnetic | ayer at roomtenperature in an upper_diagram 20 and a saturated
nagnetizati8ﬁcéﬁPF@10Vléwhé&@&&@%%%¥Qﬂmqqﬂ9qnﬁﬁﬁn'QFW%W%radTa$%%tlc
tenperature in a |lower diagram and Fig. 8.is_a sem -|ogarithmc graph

showi ng thepaFéﬁéﬁiGHCB€?Vé€hch€iﬁﬁﬁ%iﬁ%ﬂPQﬁl%?%%g%%tﬁ fRPEFERE required

for demagnetizati on or magnetization in an opposite direction and a
treating ti "BVEPRERERRED EMBODI MENT OF THE PRESENT | NVENTI ON 20 DECEMBER

2005 Figs. 4(a) and 4(b) are a plan view and a cross-

sectional view showing the method for forming a magnetic
pattern according to a second embodiment of the present
invention;

10 Figs. 5{(a) and 5(b) are a plan view and a cross-
sectional view showing the method for forming a magnetic
pattern according to a third embodiment of the present
invention;

Fig. 6 is a diagram showing the relation of a

15 magnetic field pulse to a trigger pulse for laser light
in time sequence according to an embodiment of the
present invention;

Fig. 7 shows a saturated magnetization curve of the
magnetic layer at room temperature in an upper diagram

20 and a saturated magnetization curve of a heated area of
the magnetic layer at the temperature in a lower diagram;
and

Fig. 8 is a semi-logarithmic graph showing the
relation between the intensity of a magnetic field

25 required for demagnetization or magnetization in an
opposite direction and a treating time.

PREFERRED EMBODIMENT OF THE PRESENT INVENTION




- 15 The present invention is characterized by applying a second external
magnetic field having a pulse-like magnetic field conpemgiieMekr 438
technique of formng a magnetic pattern by applying a first external
magnetic 5 field to a nagnetic recordi ng nmedi um having a nagnetic |ayer to
magnetize uniformy the nmagnetic layer in a predeterm ned direction and
heating locally the magnetic |ayer while a second external nagnetic field
is applied thereto, whereby the heatedlportion is magnetized in the 10
direction opposite to the predeterm ned direction., nely, a_large magnetic
field is appli ed—”&’yr%ﬁ%%'fqu‘ﬁen%l%rﬁls sHBRFaeFRBLIFRAL RE 8BPdHd & fer nal
magnetic field, whereby magneti c recordi ngv medi um hfvi n?, | arge dynam c
coerci ve for&&%sh S¢Sl SFMIH A tHEV 4259 13 P Ra Fgeequal to or

| arger than the static coercive faorce. The application_of a large magnetic
field does MRS edt TR area iyt hteé)&ﬁ%%u? hef heafBd"dréa because
the application ti.ne is very short. Accordingly, n extfrnal magnetic field
whi ch over CORESIHE BARIRTE 20 GO O Ve (rick T HoatT Ao CAROBE aRpl i ed, and
an excell egt. e[{%%eti cnpatteiir.n can be. forned .Thek&d%/narri c coercive force is
fairly |argér % R “SRRTE dSETE VT SPTE ARDY Hi gt yR e @leh then t he

dynam c coerltéi ve ft%r ce inse rggzdee LlsnniTa% er ir%:ae hn?a?tr?d are é? tlhege is a case
that the dynaPﬁc e G E Forc s srti]l3f }farge(%1 Than tHé°5tati & coercive

force in a gonfieated . aren AU, thes WA EEhA" Bokal 1y 1DhS f@3ReckL the

second 20
layer while a second external magnetic field is applied

thereto, whereby the heated portion is magnetized in the

10 direction opposite to the predetermined direction.
Namely, a large magnetic field is applied dynamically in
a very short time in the second external magnetic field,
whereby a magnetic recording medium having a large
dynamic coercive force can be applied with a magnetic

15 field nearly egual to or larger than the static coercive
force. The application of a large magnetic field does
not affect adversely an area other than the heated area
because the application time is very short. Accordingly,
an external magnetic field which overcomes the dynamic

20 coercive force in heating can be applied, and an
excellent magnetic pattern can be formed.

The dynamic coercive force is fairly larger than the
static coercive force. Accordingly, even when the
dynamic coercive force is made smaller in a heated area,

25 there is a case that the dynamic coercive force is still
larger than the static coercive force in a non-heated

area around the heated area. In this case, 1f the second



- 16 external magnetic field which overconmes the dynamc coercive force is
continuously (statically) applied, there is a possi billtnEdiVedEr 5095

non- heated area is also magnetized. 5 On the other hand, according to the
present invention, there is little possibility of affecting the non-heated
area around the heated area even though a nmagnetic field larger than the
static coercive force at roomtenperature is applied because the second
external 10 nagnetic field having a pul $6-Fi ke nagnetic field conponent is
applied. Further, the heated area can be magnetized well since a

suf fi ci ent | gxterge lmageestd o ifded d iwhigdplaver Ritehotihedeamifag. There is
little possibility that noises take place in a region which has 15

previ ousl y 5e&r cHIGn&OrESd LignidomtHnpouslya get¢al Lpatarp hiefi ch have once
been fornmed is erased. Further, a fine nmagnetic pattern can effectively be
formed eventiRrg regReios Sidddridivhd additdif M Hipat e@rafeca dypant €coer ci ve
force usable for high density recording. 20 Further, according to the

met hod of t R@9prESERE i nvention, a magnetic recording nedi um for high
density recording in which a desired nagnetic pattern is formed correctly;
occurrente of n6Fbé§mi§“§Eﬁbﬁ§§§%d:aQ%ﬁﬁékﬁ%iHﬁ ShgrareseRthi gh out put can
be generated, and, 25 S/IN and C/.N are high, can be obtaj ned. According to

the present IPHEENCEN, tOFET Wierd It lS MBS ende 14 ettt iesufbed and a

dark area I%o%qhgggg E@e%pggound the heated area even though a

magnetic field larger than the static coercive force at
room temperature is applied because the second external

10 magnetic field having a pulse-like magnetic field
component is applied. Further, the heated area can be
magnetized well since a sufficiently large magnetic field
is applied during the heating. There is little
possibility that noises take place in a region which has

15 previously been magnetized uniformly, or a magnetic
pattern which have once been formed is erased.

Further, a fine magnetic pattern can effectively be
formed even in a magnetic recording medium having a large
dynamic coercive force usable for high density recording.

20 Further, according to the method of the present
invention, a magnetic recording medium for high density
recording in which a desired magnetic pattern is formed
correctly; occurrence of noises is suppressed;
reproducing signals of high output can be generated, and

25 S/N and C/N are high, can be obtained.

According to the present invention, even when an

interference fringe is resulted and a dark area is



- 17 generated because of an insufficient reduction of the coercive force
of the magnetic layer, an external magnetic field suffleOrEMEER p¥E€r cone
the coercive force can be applied. Accordingly, a magnetic pattern having a
5 sufficient reproducing signal output can be fornmed in such area, and
deterioration (increase) of the nodulation as in the conventional technique
can be suppressed. In the conventional technique, if an interference fringe
is generated in the magnetic recording a8dirum the 10 coercive force of the
magnetic layer is not fully reduced in a dark area whereby the formation of
t he magneti gepareéed becewss afs Y ilgiemiidirnteftr@ictiver ecfeslifts an area
havi ng a hi gh output of reproducing signal and an area having a | ow out put
of reproducFRETSLYRal owiser &y tim MRonRydifl atdir + ertdsSxeepea et eri or at ed.
The nodul ation (Mdd) is expressed by Md=(AVPmax- AMPni n)/ TAAX100 where TAA
(total averBgenamplri fdgdy iS¢ f far iardr dged \mugrite oihe eproaueYagi erghal in
the sanme pattern area, and AMPmax and AMPM n are respectively the 20

maxi num val G8"aRE BRELAEM-muATFFardenPRYL hat Maee&t 1o PAHHe ie dise/ 1R AMPax
and AMPnin are all values in peak- to-peak. The value of the nodulation is
preferably 309161 CPEs$ePROCEPrer &ridBidl 2UBWr J8sLT nfToMF detrati on of
servo tracking, accuracy. 25 The present invention will be described in nore

detail. Fir8tChaat&ennrgde I THE TFHEEht (ISRTION WherdF M2e: BEEERBER 2005

as in the conventional technique can be suppressed.
In the conventional technique, if an interference
fringe is generated in the magnetic recording medium, the
10 coercive force of the magnetic layer is not fully reduced
in a dark area whereby the formation of the magnetic
pattern becomes insufficient. Therefore, there results
an area having a high output of reproducing signal and an
area having a low output of reproducing signal whereby
15 the modulation tends to be deteriorated.
The modulation (Mod) is expressed by Mod=(AMPmax-
AMPmin) /TAAX100 where TAA (total average amplitude) is
an averaged output of reproducing signal in the same
pattern area, and AMPmax and AMPmin are respectively the
20 maximum value and the minimum value in that area. 1In
this case, TaAA, AMPmax and AMPmin are all values in peak-
to-peak. The value of the modulation is preferably 30%
or less, more preferably, 20% or less in consideration of
servo tracking accuracy.
25 The present invention will be described in more
detail.

First, a technique of the present invention wherein



- 18 a magnetic pattern is formed in a magnetic recording medi um by

conbi ning heating a local portion and the application2oDEGEMBERE0GFaI
magnetic field will be described. 5 In the nethod for form ng a magnetic
pattern according to the present invention, a magnetic pattern is forned
by applying a first external nmagnetic field to the magnetic |ayer to
magnetize it uniformy in a predetermned direction; heating locally the
magnetic 10 |layer, and at the same tinael8applying a second external

magnetic field having a pul se-like magnetic field conponent to thereby
magnet i ze t hempgacédcapedtionnt He Wined iioh appusietel ¢ oreder prredet er i ned
direction. According to_ this nmethod, magnetic domai ns having 15 magnetic

di recti ons BpPoEMt BYt 6 CBRER 1etchdreaddit|ear?sa beroF bt piedan@ndl@ magneti ¢
pattern having a strong signal intensity and excellent G N and S/Nis

obt ai nabl e. 2FRé 1FEEAPThEAL iy PTEANRY o eHet | gt B2 ['6ehl PPortion” in the
present invention neans that the entirety 20 of the magnetic |ayer of a
magneti c r e€8PEFA§SAedi umis not heated but only a portion of the magnetic

| ayer of the magnetic recording nediumis heated. First, the first external
magneticdfiel d df Kigh MeHashsiey fraid i ad et haghetFeFecor di ng nedi um
to 25 magnetize uniformy the entirety of the magnetic layer in a

pr edet er mi nBACAFFEEEi 6R. TRS REEFSTForl BBty thda91¢5iC A erfal hagneti c
field, a magneti G geadpgxﬁ’.be 20 CEMBER 20051

orme Y a ing a first external magnetic field to the
magnetic layer to magnetize it uniformly in a
predetermined direction; heating locally the magnetic
10 layer, and at the same time, applying a second external
magnetic field having a pulse-like magnetic field
component to thereby magnetize the heated area in the
direction opposite to the predetermined direction.
According to this method, magnetic domains having
15 magnetic directions opposite to each other can clearly be
formed, and a magnetic pattern having a strong signal
intensity and excellent C/N and S/N is obtainable.
The term “heating locally” or “heating a local
portion” in the present invention means that the entirety
20 of the magnetic layer of a magnetic recording medium is
not heated but only a portion of the magnetic layer of
the magnetic recording medium is heated.
First, the first external magnetic field of high
intensity 1s applied to a magnetic recording medium to
25 magnetize uniformly the entirety of the magnetic layer ir

a predetermined direction. As means for applying the

first external magnetic field, a magnetic head may be



- 19 wused or an el ectromagnet or permanent magnet may be arranged so that
a magnetic field is produced in a predeterm ned directopBCEMBERREIS, t hese
means may be used in conbination. 5 In a magnetic recordi ng nedi um havi ng
the easy nmgnetization axis extending in its longitudinal direction, the
predeterm ned magnetization direction is the same as or opposite to the
direction of noving the data recording/reproducing head (the direction of
10 rel ative novenent of the nmedium and tBe-magnetic head). |In a magnetic
recordi ng nmedi um havi ng the easy nmagnetization axis extending in the
direction PBéPPeRdi bl &-oCE OREITGHgITURTR R He G DL tIRY PRedet er ni ned
magneti zation direction nay be either one 15 (an upward direction or
downwar d di RPEERRERY BR thet gerseidtdd it et i dedrei nyly, the first
external nmagnetic field should be applied according to the above- nentioned
magnet i zat i BASITRETHANES MiFEGeazat %&ﬁtaﬁrvhéhﬁ&@néﬁa@a &pet B 20 its
entirety in a predetermned direction neans that the entirety of the
magneti ¢ | ay€fdi nBEGRSLIAEdS™ substantially the sane direction. In a
strict sense, however, it is not always necessary to magnetize the
entirety® of the RaGn&EING et IRRATDHIY Bef e ahere BRS5eABYnetic pattern
is formed may be nagneti zed .in the sanme direction. The jntfnsity of the

first exterRMaPPRAGRECTCT PEIE SOFUSECEMSER 2005 longitudina

direction, the predetermined magnetization direction is
the same as or opposite to the direction of moving the
data recording/reproducing head (the direction of
10 relative movement of the medium and the magnetic head).
In a magnetic recording medium having the easy
magnetization axis extending in the direction
perpendicular to the longitudinal direction, the
predetermined magnetization direction may be either one
15 (an upward direction or downward direction) in the
perpendicular direction. Accordingly, the first external
magnetic field should be applied according to the above-
mentioned magnetization.
The uniform magnetization of the magnetic layer in
20 its entirety in a predetermined direction means that the
entirety of the magnetic layer is magnetized in
substantially the same direction. In a strict sense,
however, it 1s not always necessary to magnetize the
entirety of the magnetic layer but only an area where a
25 magnetic pattern is formed may be magnetized in the same
direction.

The intensity of the first external magnetic field



- 20 my be determ ned depending on the coercive force of a magnetic
recording nmedium It is preferable that the nagnetic lapecevBpregoeti zed by
a magnetic field of at least two tines as nuch as the static coercive force
of 5 the magnetic |ayer at roomtenperature. The application of a nagnetic
field weaker than that value may cause insufficient nmagnetization.
Cenerally, the intensity of the magnetic field is at nost about 5 tines as
much as the static coercive force of -the magnetic |ayer at room 10
tenperature, which is limted by the ability of a nmagnetization device used
for the magnevi bef detgrnihed cemandamsercat e x50 forfexeepd €. aThe
coercive force of the magnetic recording nediumis substantially the sane
as the coerdigaetorceesbrihiaomapretitc | dfer s1brefesaidienghadydat)e Wt h
respect to heating a local portion, heating should be conducted to the

ext ent that mepeestat leyesoascinggniadrided by ve mrirtic Teskd ¢§ @ecreased.
For exanple, the heating can be conducted to the 20 magneti zati on _erasing

t enper at ur elefsthéwrpagaaeisc dsayeich ¢rs drhsurihativd ecqefperativece ThE heati ng
tenperature is preferably 100C or nore. The nmagnetic |ayer, which suffers
easi |y the FhPl pegeetafr anyett étngloofagrdinaratiyng d dhe16eeloratésy! tends
to indicate a low stability 25 of magnetic domai ns at room tenperature.

y
However, thefheabragetdmperstlcr @geksdediicdgbltdat el ug gIRY Fa¥ange capabl e

of obtaining a predeterm ned 20 DECEVMBER 2005 , ,
Insufficient magnetization. Generally, the intensity of

the magnetic field is at most about 5 times as much as
the static coercive force of the magnetic layer at room

10 temperature, which is limited by the ability of a
magnetization device used for the magnetic field. The
room temperature is 25°C for example. The coercive force
of the magnetic recording medium is substantially the
same as the coercive force of the magnetic layer

15 (recording layer).

With respect to heating a local portion, heating
should be conducted to the extent that the static
coercive force of the magnetic layer is decreased. For
example, the heating can be conducted to the

20 magnetization erasing temperature of the magnetic layer
or around Curie temperature. The heating temperature is
preferably 100°C or more. The magnetic layer, which
suffers easily the influence of an external magnetic
field at 100°C or less, tends to indicate a low stability

25 of magnetic domains at room temperature.

However, the heating temperature is desirable to be

low in a range capable of obtaining a predetermined



- 21 reduction of the coercive force. If the heating tenperature is too

hi gh, the diffusion of heat to an area other than thedpsctaseanes f or
heating is apt to occur whereby there is a possibility of making the
magnetic 5 pattern unclear. Further, there is a possibility that the
magnetic | ayer is defornmed. Generally, a lubricant |ayer conposed of

| ubricant is formed on the surface of the magnetic recordi ng nmedi um
Accordingly, the heating tenperature-shauld be | ow as possible in order to
prevent 10 an adverse effect by heating, such as deterioration of the

| ubricant. Teeluciicarcarft thy edere iforeted By tdechasdsing on or may
evaporate causing wei ght reduction by heat. In particular, in a case of

usi ng proxi reMperapesuries Tdte highor i el dubiseon omyherposPtaBnarke mask.
15 Accordingly, the heating tenperature be | ow as possible. Thus, the
magneti c patottéfeﬁf fidvem idianeidfod st anRe presdmating ent | dnt cad BecHpplied to
t he magnetic recording nmedium wth a lubricant |ayer in an industrial

scal e. Ther @herebnt Wb ersatishg tafFeritlurtey it gradferabtlye Paoaeblfid or | ower
than Curie tenperature of the nmagnetic layer. Further, it is preferred that
t he heat ? ngPateMFer ANFeds nBHIRBLE /t KARTENE St RePPEIS Iddcldripposiitdon
tenperature of the lubricant |ayer_in consideration_of a 25 possible adverse
ef fect causédpyadRe titerifaler det ARfEitGOn GEREHRE Llybr ifc P 8RR f or med on

h neti.c recordin [ For this r n, th i ng_20 DE ER
t2085 magnet l%yeercococrjnpo eréEdofuTubroicaFnt Sis etaosrome’d tone tegtsm_gfage o VB

the magnetic recording medium. Accordingly, the heating
temperature should be low as possible in order to prevent
10 an adverse effect by heating, such as deterioration of
the lubricant. The lubricant may be deteriorated by
decomposition or may evaporate causing weight reduction
by heat. In particular, in a case of using proximity
exposure, the vaporized lubricant may deposit on the mask.
15 Accordingly, the heating temperature be low as possible.
Thus, the magnetic pattern forming method of the present
invention can be applied to the magnetic recording medium
with a lubricant layer in an industrial scale.
Therefore, the heating temperature is preferably
20 around or lower than Curie temperature of the magnetic
layer.
Further, it is preferred that the heating
temperature is not more than the thermal decomposition
temperature of the lubricant layer in consideration of a
25 possible adverse effect caused by the thermal
decomposition of the lubricant layer formed on the

magnetic recording medium. For this reason, the heating



- 22 tenperature by the irradiation of energy beans to the |lubricant |ayer

shoul d be up to about 250C. The thermal deconpositi on20 BEPEMBERRE050f t he
| ubricant |ayer neans the |owest tenperature in a tenperature range in

whi ch 5 any conponent contained in the lubricant |layer is denatured by heat

of energy beans. In the present invention, since the maximum intensity of

the second external nagnetic field can be increased, the nethod is suitable

for formng a magnetic 10 pattern in a ppwer tenperature range. The

direction of the second external magnetic field applied at the sane tine of

heating is genpeabltyrepposithe itgadietdiorecti emeaxfoyt Heednix dto exter nal
magnetic field. The second external nagnetic field nay contain only 15 a
pul se-1i ke fmprétiantf ilelyercompoientcorupmiyy dcartpWEC .| i Kiee magaenad fiel d
conponent and a static nagnetic field conponent in conbination. In the
former casedefomperafpba, teheeyaltses e thegrdethc dard] davegyamaas ed with
an el ectromagnetic. In the |ater case, for exanple, a 20 static magnetic
field havi nghe éewesitn teRysratdes $0f 6 rRETPRINET Vs perararferitn migrEt or an
el ectromagnet, and a magnetic field havin%_the intensity higher than the
stati c nagnepvccpiepgens rertednied dnplhse lfgrmhasnth layerelisct romagneti c.
the |l ater case, the sumof the 25 pul se-like magnetic field conponent and
the static drBgheLre Prehgadomforef WokstiMsut es the intensity of the
second externaIng%%gtic field.. 20 DECEMBER 2005

e present invention, since the maximum
intensity of the second external magnetic field can be
increased, the method is suitable for forming a magnetic

10 pattern in a lower temperature range.

The direction of the second external magnetic field
applied at the same time of heating is generally opposite
to the direction of the first external magnetic field.

The second external magnetic field may contain only

15 a pulse-like magnetic field component or may be a pulse-
like magnetic field component and a static magnetic field
component in combination. In the former case, for
example, the pulse-like magnetic field is generated with
an electromagnetic. In the later case, for example, a

20 static magnetic field having a certain magnitude is
formed with a permanent magnet or an electromagnet, and a
magnetic field having the intensity higher than the
static magnetic field is formed in a pulse form with an
electromagnetic. In the later case, the sum of the

25 pulse-like magnetic field component and the static
magnetic field component constitutes the intensity of the

second external magnetic field.

In



- 23 O, the pulse-like magnetic field can be applied according to a

met hod that a magnet which generates usually a nmagnetigpkicghMBERS 0y Ought to
the proximty of the nmagnetic recording nediumfor a short tine. For 5
exanple, a magnetic field is applied to a portion of the nagnetic recording
medi umwi th use of a permanent magnet while the nediumis rotated at a
predeterm ned speed. Hereinbelow, the pulse width of the pul se-like

magnetic field conponent of the second gxternal nmagnetic 10 field is
referred sinply to as the pulse width of the second external magnetic field.
Here, the pul seOwi dttheofouliske Indgmetdandtiet dof iedd catrespe oLl ¢dwi dt h at

hal f maxi mum The maxinumintensity of the second external 15 nmagnetic
field shoul dcberfiigh in er derthiod ftaeitl iat ategriate wHisimatdrmradfesa nmagneti c
pattern, and is preferably 2/3 or nore as nmuch as the static coercive force
at room tenperdivre mbuhetghk iftielar iles deperidi fyp ona eroxdhartact®l i stics of
the magnetic | ayer of a magnetic 20 recording nedium |f the intensity is
too weak, thbke heghediar sgcoway@imet Meslivayfet Zecshweltd tivre proeferably, it
is 3/4 or nore as nuch as the static coercive force at roomtenperature. A
magnet i & fi ekdnslrongenaghgtiché 1eddatiisc aerdridV &S 6r awtiaroom teémper at ure
may be used. 25 However, an applicable magnetic field should be smaller

than the dyRa#ietéser eFreEdiogca sl Whe Trgas ©f &y @ermanadoma®nper at ur e

because a | arger second external 20 DECEMBER 2005 _
whlle the medium is rotated at a predetermined speed,.

Hereinbelow, the pulse width of the pulse-like
magnetic field component of the secdnd external magnetic
10 field is referred simply to as the pulse width of the
second external magnetic field. Here, the pulse width of
the magnetic field indicates the full width at half
maximum.
The maximum intensity of the second external
15 magnetic field should be high in order to facilitate the
formation of a magnetic pattern, and is preferably 2/3 or
more as much as the static coercive force at room
temperature although it varies depending on the
characteristics of the magnetic layer of a magnetic
20 recording medium. If the intensity is too weak, the
heated area may not be magnetized well. More preferably,
it is 3/4 or more as much as the static coercive force at
room temperature. A magnetic field stronger than the
static coercive force at room temperature may be used.
25 However, an applicable magnetic field should be smaller
than the dynamic coercive force of the magnetic layer at

room temperature because a larger second external



- 24 magnetic field may affect adversely the magnetization of a non-heat
area. As the pulse width of the second external nagnetdortisiBtRri2805made
shorter, the upper limt value of the applicable magnetic field is

i ncreased. The 5 value of the dynam c coercive force varies dependi ng on
application tine of magnetic field because as the pulse wdth of the seco
external magnetic field is made shorter, the dynam c coercive force of th

magnetic | ayer

at roomtenperature becgaes large. 10 In the present

invention, the value H (0e) of a magnetic field intensity can be

substi t ut edmaghktibke figdlduemay (EGAsY) asiver smignethie measetyzateaeraflly,
there is the relation of B=}iH (where }i represents perneability). Since
t he formati ennofi-aemagrleireapat fer hhies pyewer Mlldrh B fedrhyd eeautdin air, the
perneability is 1, and therefore, the relation of B=H is established.
Descri pti onewitkirnbd madecds & ¢ idhlel ried anddm Pearwesn, the wenperdiuie of

heating a | ocal

portion and the heating tinme and between the nmaxi num

ed

an
nd
e

intensity oValhe 20 $deonprditearns nmytic Field andirpecappfi cdthon tinme
with reference to drawing. Fig. 7 shows, in an upper diagram a diagram of
t he sat ut at #8LlHagREt iLhgt COMaEIcy €OoJIC iR fRigiretVar 1 a5 efcRENE bbeh PBnper at ur e

and in a | ower

diagram a diagram of the saturated nmagnetization curve 25

of the magné®i EPPayERtar™ e ferUIE oF firlfidetedisaraa Whtrein the
abscissa represents the intensity Hof the external pagpetic field_and th

ordi nat e r epré§éntd I3 BECEMSER

external magnetic field 1s made

shorter, the dynamic coercive force of the magnetic layer

at room temperature becomes large.

10

In the present invention, the value H (0Oe) of a

magnetic field intensity can be substituted with the

value B (Gauss) of a magnetic density. Generally, there

is the relation of B=uH (where 1 represents permeability).

Since the formation of a magnetic pattern is generally

15 carried out 1in air, the permeability is 1, and therefore,

the relation of B=H 1is established.

Description will be made as to the relation between

the temperature of heating a local portion and the

heating time and between the maximum intensity of the

20 second external magnetic field and the application time

with reference to drawing. Fig. 7 shows, in an upper

diagram, a diagram of the saturated magnetization curve

of the magnetic layer at room temperature and in a lower

diagram, a diagram of the saturated magnetization curve

25 of the magnetic layer at the temperature of the heated

area wherein the abscissa represents the intensity H of

the external magnetic field and the ordinate represents

e



- 25 the magnetization Mof the nmagnetic layer at this nmonment. Fig. 7
shows the preferred range of the maxi num intensity of 20 becesmeRrGoesxt er nal
magnetic field. Nanely, it is understood that in the upper diagram the
maxi mum 5 intensity of the second external magnetic field has to be
weakened to such extent that the nmagnetic |ayer at room tenperature does
not cause denagneti zation (weak nagnetization) or is not magnetized in the
opposite direction (i.e., to the extenktsthat the magnetization of to the
magnetic | ayer at roomtenperature keeps Mil or nore). However, in view of
the | ower dihgraspnehe zadgeet M diaydre epondiela erpesratal etlois ampeaned area
has to be strong to such extent of being nagnetized in the opposite
direction (i.eFigo™ dcesa exite thzaietecdragpreds zaf | oheohaxhBums magneti c

| ayer at the tenperature of the heated area is far from M2 in a negative
direction. Weanshévsatfutds eearmgheritermadl didgnetep? eSept@d ABMaEY it is
preferable that Mil is 0.70 Ms or nore, nore preferably 0.85 Ms or nore.
Thi s princi ptelpeddsierkaros0 thizd dpperhg ivyarey sliaggaed tloe NBaxdRulhe ot her
hand, it is preferable that M2 is -0.70 Ms or |lower, nore preferably,
-0.85 M or ing@EE1ItYhiPS phienSigsioed eadsetie nafetonefl¢tdikafstPihfted to
-Ms. Fig. 8 is_a sem-logarithm c graph show ng the 25 rel ati on between the
magnetic fi BPEXPREENSPt FUREcessary TGt ddifadietisatd ol opT ralvef g™

magneti zati on and treatin tinme. The uefer graph shows a so-called room
tenperaturet?@pﬁﬁéEHEERd?%§5nOt cause magrietlization (weak

magnetization) or is not magnetized in the opposite
direction (i.e., to the extent that the magnetization of
10 the magnetic layer at room temperature keeps Mhl or more).
However, in view of the lower diagram, the magnetic layer
at the temperature of a heated area has to be strong to
such extent of being magnetized in the opposite direction
(i.e., to the extent that the magnetization of the
15 magnetic layer at the temperature of the heated area 1is
far from Mh2 in a negative direction.
When the saturation magnetic field is represented as
Ms, it is preferable that Mhl is 0.70 Ms or more, more
preferably 0.85 Ms or more. This principle leads that
20 the upper limit is limited to Ms. On the other hand, it
is preferable that Mh2 is -0.70 Ms or lower, more
preferably, -0.85 Ms or lower. This principle leads that
the lower limit is limited to -Ms.
Fig. 8 is a semi-logarithmic graph showing the
25 relation between the magnetic field intensity necessary
for demagnetization or reverse magnetization and treating

time. The upper graph shows a so-called room temperature



- 26 characteristic which indicates diagrammatically that the nagnetic
field intensity which causes demagneti zati on of the negDECESBER2005 at room
tenperature varies depending on a magnetic field application tine (a
treating tine). 5 The shorter the nagnetic field application tine is, the

| arger the magnetic field intensity necessary for causing denmagnetization
in the magnetic |layer is. The | ower graph shows a so-called heating
tenperature characteristics which indicates 10 di agrammatically that the
magnetic field intensity necessary for nagnetizing the magnetic |ayer at
the room t emperattard sofia heidat et iraes iaoppust tecal kecthoh tharies
depending on a heating tinme (a treating tinme). Nanely, as the heating tine
(treating timagneatsd drigdrd 15 el tenperel waudts theme@aeedzaf eanbeéones
high and the coercive force is decreased, whereby the magnetic field

i ntensity nédes@opetore fEyivat i3t ngPdth teeopposi e evayieeciebangerenes
smaller. FromFig. 8 when the heating tinme and the 20 application tine of

t he second é&xteér Falgnrdgivetiiec¥d Pl gat vt f etk theabiedeki®d) range of
the maxi num_ intensity of the second external nmagnetic field is determ ned
(the range BEewsaP IR Mhe ARPHRbAG if iRy P 1 IFet e sel®f di - ofhehe second
external magnetic 25 field is generally 100 nsec or |ess, preferably, 10

neec or | esSrIfHe BorMeENahe pSe withof by HeeGRTIMEY ¥ eFARF 1REgneti c
fieldis, the larger the upper limt of 20 DECEMBER 2005

demagnetizatlion in the magnetic layer 1s.
The lower graph shows a so-called heating
temperature characteristics which indicates

10 diagrammatically that the magnetic field intensity
necessary for magnetizing the magnetic layer at the room
temperature of the heated area in a opposite direction
varies depending on a heating time (a treating time).
Namely, as the heating time (treating time) is longer,

15 the temperature of the heated area becomes high and the
coercive force is decreased, whereby the magnetic field
intensity necessary for magnetizing in the opposite
direction becomes smaller.

From Fig. 8, when the heating time and the

20 application time of the second external magnetic field
are determined, the preferred range of the maximum
intensity of the second external magnetic field is
determined (the range between the min and max in Fig. 8).

The pulse width of the second external magnetic

25 field is generally 100 msec or less, preferably, 10 msec

or less. The shorter the pulse width of the second

external magnetic field is, the larger the upper limit of



- 27 the applicable magnetic field is. It is because the value of dynam c
coercive force varies depending on the magnetic fieldappicesaiEirRD904 1 me, and
the shorter the pulse width of the second external nagnetic field is, 5

| arger the dynam c coercive force of the nmagnetic field at roomtenperature
is. The pulse width is preferably 1 cosec or |ess. However, the pulse width
is preferably 10 nsec or nore. |If the pulse wwdth is too short, the dynamc
coercive force becones large with the-re3ukt that 10 the second external
magnetic field necessary for magnetizing the heated area becones | arge.
Since the rihsi pyrdd ckalls mgposfetilite fimgiteti<c f iLdl d st Mesqusscdttain  tine,

whi ch derives fromthe characteristics of a used electromagnet, although
dependi ng oNathe magHivingde Cofcoeie 1% agvet ivaried dlerendiand sor Fhait to
shorten the pulse wdth. Accordingly, the pulse width is preferably 100
nsec or nor@agHetec tthelgulese hicgtth o tife negiettite $hal@ey ndheat es t he
full width at half maxi num Wen pul se-1ike energy beans are used for
heating a P8leec#iidsdr tiforshet wecpuics @xfedtin lofmadiee et dhide Bkt &% nal

magnetic field should be the pul se width of usable pulse- |jke energy beans
or nore.5|f lpEdes [thke dyneRe cme@retiiye fioaiae ey diraitpanririfgt heddling a

| ocal portion, and a good nagnetic %attern i's not obtainable. 25 Further,
it is prefePabFeOPh&CTPRE A5irSe-1Si-ke TBRePYY SChWARE N 4 SsPACHEGRZ whth t he
pul se-1i ke second external nmagnetic field and, they are applied

si mul t aneou¥P§S PRUSSSS0 DEPERBER 2685 Pulse width'is preferably 10

nsec or more. If the pulse width is too short, the
dynamic coercive force becomes large with the result that
10 the second external magnetic field necessary for
magnetizing the heated area becomes large. Since the
rising or falling of the magnetic field takes a certain
time, which derives from the characteristics of a used
electromagnet, although depending on the magnitude of the
15 magnetic field, there is a limit to shorten the pulse
width. Accordingly, the pulse width is preferably 100
nsec or more. Here, the pulse width of the magnetic
field indicates the full width at half maximum.
When pulse-like energy beams are used for heating a
20 local portion, the pulse width of the second external
magnetic field should be the pulse width of usable pulse-
like energy beams or more. If it is lower, the magnetic
field may change during heating a local portion, and a
good magnetic pattern is not obtainable.
25 Further, it is preferable that the pulse-like energy
beams is synchronism with the pulse-like second external

magnetic field and they are applied simultaneously. Thus,



- 28 a magnetic field necessary for causing the reverse nagnetization can
effectively be applied before the <coercive force of antdEECEMBER0Nhas been
heat ed by energy beans whereby the coercive force has once been decreased 5
is recovered due to the reduction of tenperature. Generally, the pulse

wi dth of the magnetic field is considered to be |Ionger than the pulse wdth
of the energy beans. Accordingly, pulsed energy beans should be applied
during the application of a pulsed magnet8ic field. 10 In particular, it is
preferable that the pul sed second external magnetic field is applied and
the pul sed endiagnetbecansi k@ Bt e hef OF eCORS HRIt RSt FABSHFSt he magneti c
field being maxi mal. However, if the apﬁgication of the pulsed energy beans

is too earl yaagietigaieiat ! FLieet 15 hedbederpbacdebréasestBef ore the

pul sed magnetic field becones the maxinumintensity, and the coercive force
may recoverCOSAEoRIiiRAGE 9% 3% Ppred efbfle RaatPeme ReaeeddP¥f erenew
between the tinme of irradiating energy beans . and the tinme of obtaining the
maxi num nagmSaRs MRaTehs F° 3P esetVorf Pese. ndbr enpe ePerabF§C T E8/EFOI

shoul d be ngde so that_pul sed energy beans be apglied at the nonent that
the magnéti &5 &P BEETER SRS et by Het 5Pl P Eat ¢BRSHRUFRe pul sed second

external magnetic fielﬁ. Further, it is ﬁef raﬁle t hat the _nonent, that the
25 magnetic f|§HQF ' h%&?h%?lﬁﬁdwfﬁg nﬁgeﬁ etﬂﬁgnﬁﬁéc fafpér dture of
the area | riadiated by energy hearp ohecores (. gheet Q¢otLe
energy beams. Accordingly, pulsed energy beams should be
applied during the application of a pulsed magnetic field.
10 In particular, it is preferable that the pulsed second
external magnetic field is applied and the pulsed energy
beams are applied before or at the time of the magnetic
field being maximal. However, if the application of the
pulsed energy beams is too early the temperature of the
15 heated area decreases before the pulsed magnetic field
becomes the maximum intensity, and the coercive force may
recover. Accordingly, it is preferable that the time
difference between the time of irradiating energy beams
and the time of obtaining the maximum magnetic field 1is
20 30 usec or less. More preferably, control should be made
so that pulsed energy beams be applied at the moment that
the magnetic field becomes maximal by the application of
the pulsed second external magnetic field.
Further, it is preferable that the moment that the
25 magnetic field becomes maximal and the moment that the

temperature of the area irradiated by energy beams

becomes the highest occur simultaneously.



- 29 In a case of formng a magnetic pattern by irradiating to a nagnetic
recordi ng nmedi um pul sed energy beans repeatedly, it i<2opreksmanl204 hat t he
pul se width of the second external magnetic field is generally 1/2 5 tinmes
or less with respect to the irradiation period of the pulsed energy beans,
nore preferably, 1/10 tinmes or less, further preferably, 1/100 tines or

| ess. By the satisfaction of such relation, the intensity of an applicable
second external nagnetic field can be- 20 flexible; a strong magnetic field
can be applied w thout affecting adversely an area other than the heated
area, and an exideld errsoreghefoEnpagt@rhagantbe PeEReER PRescription will be
made wth reference to Fig. 8 As nentioned_before, Fig. 8 is a

seni - | ogar i ttHAEE1ES IGIA PP sholidet e FREET I beedten PReSAdgREEIEY
intensity necessary for denagnetjzation or reverse magnetization in an
opposi t e di eGS0 SRR el ¥ r el | Ty RYHEST Fote ekBapl 8BRS RHASt WedEFr adi at i on
period of ener ¥1 beans is 100 nsec, and the second external magnetic field
is applied Wiftfg? 0 SHETShfX Rl iIRHTE oIC 10b° héetS ¥RRSRAL§¥NI6F the
intensity of the appl.icable second external magneti¢c fieldis onl¥ about
1/3 in stal &iMgswsFerlesthen tthereeond- @xtie? naf Faayaet PR PRELadi STappl i ed
with a pulse. wwdth of 1 nsec which is 1/100 {inmes.as nuch as the 25

i rradiation pér iPOd S RS TERe A BRamo T e et bF Rl %1 +hel FAP8RAsPEy of the

apol{oable second ot gel, Matell s, 11716, oanBe uioppgd to about 11
By the satisfaction of such relation, the intensity
of an applicable second external magnetic field can be
10 flexible; a strong magnetic field can be applied without
affecting adversely an area other than the heated area,
and an excellent magnetic pattern can be formed.
Description will be made with reference to Fig. 8.
As mentioned before, Fig. 8 is a semi-logarithmic
15 graph showing the relation between the magnetic intensity
necessary for demagnetization or reverse magnetization in
an opposite direction and the treating time. For example,
when the irradiation period of energy beams is 100 msec,
and the second external magnetic field is applied with
20 the same pulse width of 100 msec, the margin of the
intensity of the applicable second external magnetic
field is only about 1/3 in scale. However, when the
second external magnetic field is applied with a pulse
width of 1 msec which is 1/100 times as much as the
25 irradiation period of the energy beams, the margin of the

intensity of the applicable second external magnetic

field can be widened to about 1 in scale. Accordingly,



- 30 even when the intensity of the second external magnetic field
certain fluctuation, there mght not affect adversely 20becesgi®logat
direction of a non-heated area, and it is possible to forma good nm

pattern

5 stably. The present invention is in particular advantageou

the application to a nmagnetic recordi ng nmedi um having a high dynamc
coercive force or an AFC nedium For exanple, a magnetic recordi ng ne
with two 10 magnetic |ayers: a nmagneti 60l ayer for recording and a
stabilizing magnetic layer to keep a thermal stability, nmay be nenti
Si nce the seaen iwkieng taggrattiandidperot s exetNd uppkessat heagnst aft aneous
reverse nmagnetization of the recording magnetic layer, the 15 dynam
coerci ve forféelids haisr engerAeder dilF twr i, domemtmoial pethadfeft is
difficult to forma nmagnetic pattern. In such nedium when an extern
magneti ¢ fi efyerkalivnghen Masnaisiaat gard ored il @theC braxiaityedfethe
coercive force is applied in a pulse-like form an_20 excellent nagnetic
pattern can2B&af oPed 1tTHE possals Mentqoh 3 IR BraRe Y apphFEable
the formation of a nagnetic pattern having information for controll
recor di ny/ r 85P6difci ng magnetic head, for exanple, a magnetic pattern
capabl e of generating 25 signals corresponding to positions of the ma
head. The infoﬂ%ﬁiRﬁ?%@ﬂt(ﬁﬂﬁ@%ﬁ}?%gl$sl@cp%ﬁ%%?ﬁiaé advantageous
recording/rggr%g%cgn nmeans such as a magneti c head, by 20_ DECEMBER 20

10

15

20

25

lication to a magnetic recording medlium having
a high dynamic coercive force or an AFC medium.

For example, a magnetic recording medium with two
magnetic layers: a magnetic layer for recording and a
stabilizing magnetic layer to keep a thermal stability,
may be mentioned. Since the stabilizing magnetic layer
serves to suppress the instantaneous reverse
magnetization of the recording magnetic layer, the
dynamic coercive force is strong. According to the
conventional method, it is difficult to form a magnetic
pattern. In such medium, when an external magnetic field
having an intensity near or in the proximity of the
static coercive force is applied in a pulse-like form, an
excellent magnetic pattern can be formed.

The present invention is preferably applicable to
the formation of a magnetic pattern having information
for controlling a recording/reproducing magnetic head,
for example, a magnetic pattern capable of generating
signals corresponding to positions of the magnetic head.

The information for controlling is to control a

recording/reproducing means such as a magnetic head by

has a
i on
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S in
di um
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- 31 wusing the information. For exanple, it includes a servo information
for positioning the magnetic head on a data track, an addcesmsERY00s Mation
showi ng the position of the mnmagnetic head on the nmedium an synchronous
information 5 for controlling the speed of recording or reproducing by the
magneti c head, and so on. Further it includes a standard information based
on which the serve information is witten later. The magnetic pattern
usable for controlling should 10 be fogmed wi th high accuracy. In
particular, the servo pattern is a pattern for controlling positions on
data trackssint the sefeompatitoer.n Fori raevprsat eltpdsictlivees coritawio for the
head becones rough and a data pattern of higher accuracy than the servo
pattern canipnéprppetisnr deer dod ltagirdald y-heAcwsih high yieas ethea rézbadi ng
density of the mediumis increased, the servo pattern should be forned with
hi gh accur aéyackn eheagdesert livhoamstomn shweng Hilghigoskkigatel Seevo
pattern or a standard pattern can be obtained, the 20 present invention
provi des a Fegarkabl 8caff o8t tiifeMSR1US #pblSyed-inqys peri¢ et aEona
magneti c recording medium for high density recording such as one having a
track densfey 6PNAGORTPRIoLIFpERSAbIE FERCAIBNEXPT AR SH W 1Y BE made as
to the 25 second external magnetic field. Wien the nediumis of a disk-1ike

form the HBRReBAPBRLGF ALY ARG IF® Sft-er REF thEgnéti dG181I9¢S € 20 DECEMBER

2005 } . ,
standard information based on which the serve information

is written later.
The magnetic pattern usable for controlling should
10 be formed with high accuracy. In particular, the servo
pattern is a pattern for controlling positions on data
tracks. If the servo pattern is inaccurate, position
control for the head becomes rough and a data pattern of
higher accuracy than the servo pattern can not be
15 recorded logically. Accordingly, as the recording
density of the medium is increased, the servo pattern
should be formed with high accuracy.
In the present invention, since a highly accurate
servo pattern or a standard pattern can be obtained, the
20 present invention provides a remarkable effect when it is
applied to, in particular, a magnetic recording medium
for high density recording such as one having a track
density of 40 kTPI or more.
More detailed explanation will be made as to the
25 second external magnetic field.
When the medium is of a disk-like form, the

direction of applying the external magnetic field is



- 32 preferably either anong circunferential, radial and vertical
directions with respect to the disk surface. The secornd peEesfBER 2008.gneti c
field may be applied in a pulse formby using, for exanple, an

el ectromagnet. A 5 conbination of a permanent nagnetic and an el ectromagnet
may be used. A magnetic field having a certain intensity is usually
;statically) applied by neans of the permanent nmagnet, and in addition to
this, a pulse-like nmagnetic field is-applt+ed by nmeans of the el ectromagnet.
10 An air-core coil having a small inductance is preferably used since the
pul se wi dt hPEgHeBaLRar EaREGTafdonche rsgiidare il d dpplichatash time can be
shortened. Further, a yoke type el ectromagnetic may be used for the

per manent nHGASE CAThEIrGCERL 0dEn Witdibe T&sEGetic B fdidk Sw capplied in a
pul se formsmall in conparison wth the former. Generally, it is difficult
for the electrhEgRECHE SAGIERY REPREE i I 82% Hee ndighet € 1Pield is
stronger. Accordingly, the pulse wdth can _easily be shortened by the
later. 20 | R RU¢&Se fPRAL P¥h&Sd8Cond O&x C&RIL Sradrets e 5 PIRet f orfred by
the conbinatiopn . of a static nmagnetic field and a pul se-like magnetic field,
the magneti EOFPePaCAPeRSi Py PeOMaPre Ss MAGHE Thig f&td & i) <F SIS Be smal | er

t han t he statig coercive_force of tEe gggﬂetlc | ayer at ,roqm 25
t enper at ur e™@Pr EFeFE6Fy, PtORENSF3Cof LFeSsBY 1 PHe 2 CEEIFE 1 e dEENE or ce,

more preferably, 112 or less Uf bt is,toplarge, a forqed manetic, pattern
magnet, and in addition to this, a pulse-like magnetic
field is applied by means of the electromagnet.

10 An alr-core coil having a small inductance is
preferably used since the pulse width can be narrowed and
the magnetic field application time can be shortened.

Further, a yoke type electromagnetic may be used for
the permanent magnet. The later can make a magnetic

15 field to be applied in a pulse form small in comparison
with the former. Generally, it is difficult for the
electromagnet to shorten the pulse width as the magnetic
field is stronger. Accordingly, the pulse width can
easily be shortened by the later.

20 In a case that the second external magnetic field 1is
formed by the combination of a static magnetic field and
a pulse-like magnetic field, the magnetic field intensity
of the static magnetic field should be smaller than the
static coercive force of the magnetic layer at room

25 temperature. Preferably, it is 2/3 or less of the static

coercive force, more preferably, 1/2 or less. If it is

too large, a formed magnetic pattern is influenced



- 33 adversely whereby the output is reduced and the nodul ati on becones
poor. There is no lower Iimt. However, when the nmagne0iDEdEMBER 2005 ensity
is too weak, the formation of the static nmagnetic field is useless. 5
Accordingly, it should be at |least 1/8 of the static coercive force of the
magnetic | ayer at roomtenperature, for instance. As far as we do not
mention in particular in this specification, the intensity of the nmagnetic
field is 10 expressed by an absol ute vaBsie-w t hout any sign. By the way,
when an area whi ch has been naghetized ina direction is applied with an
ext ernal nugdeerectivelieirgbyt Kacoppddivtte idi retuicmd @ ttHee i ntensity of the
external magnetic field is gradually increased fromzero, the 15 reversa
of magnet i cnd8nakphsobelensmgeadgall-y. TiIrase LAt epsiloyest liha text er na
magnetic field at which the reversal of magnetic domains occurs first is
referred toHousvehe Wheheihegenengtilsy fegretindaristlty (intedsiwgdkHn. In a
B-H loop, this Hh is expressed as the bending point. 20 In Fig. 7, when the
di recti on ofha@nfpsmatiragrét it2gt SEAtLS Svsnessed e ld gosiusedes$gn and the
direction of reverse_nmagnetization_ is expressed %g a negative sign, the
di recti oh ofcappPynfgYt hetse8ondS &t étndlcafdgrietd ©F itdial St tekpressed by a
negative sign. 25 In this case, it is preferable for a magnetic recording
medi um wher €PATERESNHEFEST CGehOFalPAG S EGNSAVET i3] F MR GERRT AL WeBat i ve
side that the static nmagnetic field has 20 DECEMBER 2005
for instance’
As far as we do not mention in particular in this
specification, the intensity of the magnetic field 1is
10 expressed by an absolute value without any sign. By the
way, when an area which has been magnetized in a
direction is applied with an external magnetic field in
the opposite direction and the intensity of the external
magnetic field is gradually increased from zero, the
15 reversal of magnetic domains begins gradually. The
intensity of the external magnetic field at which the
reversal of magnetic domains occurs first is referred to
as the nuclear generating magnetic field (intensity) Hn.
In a B-H loop, this Hn is expressed as the bending point.
20 In Fig. 7, when the direction of uniform
magnetization is expressed by a positive sign and the
direction of reverse magnetization is expressed by a
negative sign, the direction of applying the second
external magnetic field is expressed by a negative sign.
25 In this case, it 1s preferable for a magnetic recording

medium wherein the nuclear generating magnetic field Hn

is at a negative side that the static magnetic field has



- 34 a negative sign and the magnetic field intensity (absolute value) is
smal | er than the nucl ear generating magnetic field Hn.20\WseEMBER 1008 ensi ty
of the static magnetic field is snmaller than that of the nuclear 5
generating magnetic field Hn, a magnetic pattern can be fornmed with higher
accuracy because there is little influence to the direction of uniform
magneti zation forned previously. In the contrary case, when the direction
of uniform 10 magnetization is expresséd by a negative sign and the
direction of reverse magnetization is expressed by a positive sign, the
direction of asdafilvg tHersedvhdhextarredigmghetd ciitenrsits expressed by a
positive sign. In this case, it is preferable for a nmediumwherein the 15
nucl ear genépdsiodgtragrdticd fiwlsndhles Ham Posintyvkeasigenehatinte static
magnetic field has ag).ositive sign and the intensity of the nmagnetic field
(absol ut e vakgaetiics fsiedld éin t h#ihenhéhrudhnéansgenercdt ithg mdgtatd ¢ fiel d Hn
(absolute value). 20 In the enbodi nents of the present invention, the
intensity ofaghetdecdn®lektier rima lkjinethan fiiertd o5 e Neehed¥ the static
magnetic field and the pulse-like nagnetic field., Accordingly, when the

i ntensity ofefR&atdfgt Medmegnet i iR i & derBrat e trery nt@asbPey of the
25 pul se-like magnetic field required fqr the reversal, of rra?neti zation can

si mul t aneousPyMEE Hetdr MITEET 13T aPf dIiabi®e te the kiet®omagnet be so
desi gned that the 20 DECENBER 2005

influence to thEE irection of uniform magnetization
formed previously.
In the contrary case, when the direction of uniform

10 magnetization is expressed by a negative sign and the
direction of reverse magnetization is expressed by a
positive sign, the direction of applying the second
external magnetic field is expressed by a positive sign.
In this case, it is preferable for a medium wherein the

15 nuclear generating magnetic field Hn is at a positive
side that the static magnetic field has a positive sign
and the intensity of the magnetic field (absoclute value)
is smaller than the nuclear generating magnetic field Hn
(absolute value).

20 In the embodiments of the present invention, the
intensity of the second external magnetic field is the
sum of the static magnetic field and the pulse-like
magnetic field. Accordingly, when the intensity of the
static magnetic field is determined, the intensity of the

25 pulse-like magnetic field required for the reversal of
magnetization can simultaneously be determined. It is

preferable that the electromagnet be so designed that the



- 35 power is kept to the mninumin a range capable of generating a
pul se-1i ke magnetic field having a necessary intensity20 MCEMBER 3005t he si ze
of the el ectronmagnet capable of generating a pul se-like magnetic field
having 5 an intensity necessary for the reversal of magnetization can be
determ ned and the inductance of the el ectromagnet can be suppressed to a
requi red m ni mum val ue, whereby the pulse width can be shortened. The
maxi mumintensity of the electronagnet 3iss correlated with the inductance,
10 and the smaller the maximumintensity is, the smaller the inductance is.
Therefore, ioWey posdidiite t® YemerhmEngm mg@em@geu ekdahaei A§ a shorter
pul se wdth. A magnetic field having a shorter pulse wdth has an advantage
as foll ows ganendiargpp ivatson bre anagigret ¢ cLipefdhavgrgher nesewiselyY
heating, the application of a pulse-like magnetic field can be finished
bef ore a hedtd@®nsorty onWasheddd s utdesisiast y hythaee et r dor@Eet i on.
Accordingly, a desirable pattern can easily be obtained. Further, a finer
magnet i ¢ patceear ke o sranaad ying @ grwbee - DOk diereynahen fheldqhavéngate of
the magnetic recording nediumis better, the nuclear generating nmagnetic
field Hh i< SNdEnAdYY IHRIRSSHREr By A appYeEadl e0§t ARTRSLABGREOT: fi el d
is large. Accordingly, the intensity of _the static nagnetic field relative
to the secoﬁ@fbebﬁ*%ﬂegﬂFfﬁﬁbﬁ%@@ctﬁ?e%%@%%%%%%%r?ffBPec§&§FH§OWﬁ€nﬁéversal
of magnetization can be increased, so that the, |ntenskp% an appllcable
ooﬁhe

pul se-1i ke fr&ghets & BRI B FUPPTEESEd Db BREERVEE

the pulse width can be shortened. The maximum intensity
of the electromagnet is correlated with the inductance,
10 and the smaller the maximum intensity is, the smaller the
inductance is. Therefore, it is possible to generate a
magnetic field having a shorter pulse width. A magnetic
field having a shorter pulse width has an advantage as
follows. In the application of a magnetic field together
15 with heating, the application of a pulse-like magnetic
field can be finished before a heated portion spreads
undesirably by the heat conduction. Accordingly, a
desirable pattern can easily be obtained. Further, a
finer magnetic pattern can correctly be formed.
20 Here, when the square rate of the magnetic recording
medium is better, the nuclear generating magnetic field
Hn is relatively large, whereby an applicable static
magnetic field is large. Accordingly, the intensity of
the static magnetic field relative to the second external
25 magnetic field necessary for causing the reversal of
magnetization can be increased, so that the intensity of

an applicable pulse-like magnetic field can be suppressed



- 36 to be smaller. Nanely, it is enough to use an electromagnet having a
smal | er power. Such el ectromagnet can shorten the pul s» pEcEMBERMUSE eby a
finer magnetic pattern can be forned. In order to forma fine nagnetic 5
pattern, it is preferable to use a magnetic recording medium having a
square rate of 0.8 or nore, nore preferably, a magnetic recordi ng nedi um
having 0.9 or nore. Generally, a perpendicular nmagnetic recording nedium
has a good square rate, and therefore, i3t6 i-s 10 suitable for this purpose.
In order to magnetize efficiently a medium having a high coercive force

whi ch is suitcable dmrlldmgh dersiltyy itecior dimpigla perusmment magnet such as a
magnet of ferrite, a magnet of neodymumtype rate earth, a magnet of 15
samar i um colsldctnygegrate feErito or sthellekepdwepr efBradblelectronggpeef er abl e
to attach a chip of ferromagnetic material such as iron at an end of the
per manent nmEgretshartao Wimmyjel shev shtipe oherdly endf poeti nagoktithe per manent
magnet because the magnetic field intensity is 20 weaker at the end portion
of the pernmsdritenmgreet .baNidrmedi s, Int e dmyriat ifof ¢ of ime ensdngtia t he
vicinity of the end portion of the pernmanent nmagnet can be increased, and
the intehsi Pptdferan applisablet waynkt i €0 f e de cangbet radeecaniioem over the
entire pattern formng area even in a 25 case that a magnetic pattern is
formed by ufidditimda ey endsPorie oreer 2hel vl cPhimgref TRSSper manent magnet

from the restriction of the structure of the device. 20 DECEI\/BER 2005
preferably, a magnetic recording medium having 0.9

more. Generally, a perpendicular magnetic recording
medium has a good square rate, and therefore, it is
10 suitable for this purpose.

In order to magnetize efficiently a medium having a
high coercive force which is suitable for high density
recording, a permanent magnet such as a magnet of ferrite,
a magnet of neodymium type rate earth, a magnet of

15 samarium-cobalt type rare earth or the like is preferable.

It is preferable to attach a chip of ferromagnetic
material such as iron at an end of the permanent magnet
or to change the shape of the end portion of the
permanent magnet because the magnetic field intensity 1is

20 weaker at the end portion of the permanent magnet. With
this, the magnetic field intensity in the vicinity of the
end portion of the permanent magnet can be increased, and
the intensity of an applicable magnetic field can be made
uniform over the entire pattern forming area even in a

25 case that a magnetic pattern is formed by utilizing the
end portion or the vicinity of the permanent magnet from

the restriction of the structure of the device.



- 37 An external magnetic field may be applied together wth the second
external magnetic field over a wide heated area, wher eblyDECEMBERLGOSY Of
magnetic patterns can be fornmed at a tinme. s In a case that |ocal heating
is conducted to the entire surface of a magnetic recording nediumat a
time, it is desirable apply the second external magnetic field on the
entire surface of the nmediumat the sane tine of the heating so as to form
a magnetic pattern. In this 10 case, it3i7s-possible to formthe magnetic
pattern in a shorter time and to reduce cost. In a case of applying a
magnetic field t2o aitempamawpicethe fedldnmayhee appahgéntagedhea nagnet or
magnets is contrived or a unique instrunent is used in many cases so that
the 15 magnetiitd frihel dedoes] mott eextadndnaanathiec of helkd avear 2 Hondeer, it is
unnecessary to take such special measures when the magnetic field is

appl i ed to tketedt iareasumtagebyofa ttheigreldi wmoFuradrest lei Pt ¢trnfscan
unnecessary to use a rotating or noving neans, the construction of the

devi ce 20 chr Bersiedplitf isedmend magnetic recording nedia can be produced
econom cally. Wien the nediumis, for exanple, a small disk-like nmagnetic
recor di ng nedi uhthayidig<a disdmeterabfheaBlamichescopiusesd, tenkhgy beans can
be irradiated along with the 25 application of_a magnetic field to the
entire surf&eéler stdagissiethy BEIP e SitRAc Eritanrbett dF drehhsS  The
mediumis preferably of a dianeter of 1 inch or less. 20 DECEMBER 2005

it 1s desirable apply the second external magnetic field
on the entire surface of the medium at the same time of
the heating so as to form a magnetic pattern. In this

10 case, it is possible to form the magnetic pattern in a
shorter time and to reduce cost. In a case of applying a
magnetic field to only a part of the medium, the
arrangement of a magnet or magnets is contrived or a
unique instrument is used in many cases so that the

15 magnetic field does not extend to the other area.
However, it is unnecessary to take such special measures
when the magnetic field is applied to the entire surface
of the medium. Further, since it is unnecessary to use a
rotating or moving means, the construction of the device

20 can be simplified, and magnetic recording media can be
produced economically.

When the medium is, for example, a small disk-like
magnetic recording medium having a diameter of 2.5 inches
or less, energy beams can be irradiated along with the

25 application of a magnetic field to the entire surface of
the disk by using a simple arrangement or means. The

medium 1is preferably of a diameter of 1 inch or less.



- 38 Wien a magnetic field is to be applied to a disk- |ike magnetic
recording mediumin its circunferential direction, a |amCEwBBReosuUr I ent
shoul d be supplied in a vertical direction to the center of the nedium
whereby a 5 magnetic field in a circunferential direction can easily be
formed. This technique is preferably applicable to, in particular, a snall
di sk-1i ke magnetic recording nediumhaving a dianmeter of 1 inch or |ess.
Next, the magnetic pattern form ng devige ef the 10 present invention wll
be described. The nagnetic pattern form ng device of the present invention
conpri ses a hol ditep rearsodarihof g bs waghet deptéedr dbng Médkuam an
energy beam source for emtting energy beans, a projection neans for

proj ecting 18 kandeomeddicatianp tdiaeneedpuibeansl f$ o rhieneaeegyibéam source
to the magnetic recording medium and a nmagnetic field generating neans for
generating aipgcdedn ke leagretdw! feklchooiponsmuld be sppbleddt ont ke
magnetic recording nmedium 20 First, the nagnetic recording mediumwhich is
previ ously wegtatdedediinect iginy dot i 6re iseriised bythhanebhni nherelsa A

pul se-1ike magnetic field is applied to the magnetic recordi ng nmedi um by
means of 5t h&agagidd E1ielicelid FgerferfUHe faidnsa 1 Al ¢t sarecannBaséngr gy
beans 25 emtted fromthe ener%é@beam source are irradiated b neans of the

proj ection mSar®TEt-heThitRederBgastire 1 sr 8€6EGRY e ditih s i Hatt e he medi um

is heated laqcally. 20 _DECEMBER 2005_. , . )
in particular, a small disk-like magnetic recording

medium having a diameter of 1 inch or less.

Next, the magnetic pattern forming device of the

10 present invention will be described.

The magnetic pattern forming device of the present
invention comprises a holding means for holding a
magnetic recording medium, an energy beam source for
emitting energy beams, a projection means for projecting

15 and irradiating the energy beams from the energy beam
sourée to the magnetic recording medium, and a magnetic
field generating means for generating a pulse-like
magnetic field component to be applied to the magnetic
recording medium.

20 First, the magnetic recording medium which is
previously magnetized in a direction is fixed by the
holding means. A pulse-like magnetic field is applied to
the magnetic recording medium by means of the magnetic
field generating means. At the same time, energy beams

25 emitted from the energy beam source are irradiated by
means of the projection means to the fixed magnetic

recording medium so that the medium is heated locally.



- 39 As aresult, the nmagnetization direction in the area where the
coercive force is decreased by heating is reversed. |n26bESEMBBR2005t 1S
preferable to dispose a nmask between the energy beam source and the
magnetic 5 recording nmediumso that the intensity distribution of the
energy beans is changed in response to a magnetic pattern to be forned
whereby a plurality of heated areas can be fornmed at a tinme. Further, when
an el ectromagnet is used as the nmagnetBe field generating neans, a 10
magnetic field having a pulse-like magnetic_field conponent can easily be
appl i ed. Wés a &esbilfat itdye dfacge Perataiahtd iitretoanth ahel @E¢2 onagnet s

used, a pulse- like magnetic field having a large intensity can be applied.
is Several whissgi HSt SO ANYE rferdive i165 FRIEGFPIDrivN ngeadevy cesof t he
present invention will be described. However, the present invention is not

limted to th¥sesednbodiinthts &3Skongdtassmpdiefficeabilond cardd spsiseyond t he
range of the present invention. 20 In the follow ng, a magnetic pattern
fornmi ng devirgek Betvedinng o e Pr £t SIHETR iBH w1 BHRIRRSEE| bed with
reference to drawings. Fig. 1 is a diagrammatical view partly cross-

sectionetl sHEGPHEIEN ERSGE TSR Bt HésrddgHan <l patd et 1255 iR nPhg devi ce
according to the present invention, and Fig. 2 is a perspective, view of the
devi ce showhDPnSPPgIY1 PeIGSDECENBIERIRSD5 T Tesponse to a magnetic

pattern to be formed whereby a plurality of heated areas
can be formed at a time. Further, when an electromagnet
is used as the magnetic field generating means, a

10 magnetic field having a pulse-like magnetic field
component can easily be applied. When a combination of a
permanent magnet and an electromagnet is used, a pulse-
like magnetic field having a large intensity can be
applied.

15 Several embodiments of the magnetic pattern forming
device of the present invention will be described.
However, the present invention is not limited to these
embodiments as long as modifications are not beyond the
range of the present invention.

20 In the following, a magnetic pattern forming device
according to the present invention will be described with
reference to drawings.

Fig. 1 is a diagrammatical view partly cross-
sectioned showing an embodiment of the magnetic pattern

25 forming device according to the present invention, and
Fig. 2 1s a perspective view of the device shown in Fig.

1.



- 40 A non-transm ssive |ayer 2A having an engraved pattern is overlaid on
a transparent substrate 2B on which a photomask 2 is fospRJEMBRR 2003ey are
fixed to the shaft of a nmotor 6 together with a nmagnetic recording 5 nmedi um
1 so that the non-transm ssive |layer 2A is apart fromthe nagnetic
recording nmedium 1 by a predeterm ned distance by using a spacer 1A A
vacuum pipe 13 is provided in the shaft of the notor 6. The magnetic
recordi ng medium 1 and the photomask 2 ape-fixed to the 10 notor shaft by
the action of vacuum Accordingly, when the notor 6 is rotated, the
magneti ¢ recor dingaredinamsini sedv¢ hieaypdmot Dlelskv 2nar enr ehat @dedi nul t aneousl y.
The operation of the notor may be an intermttent operation repeating
rotation angastepnbysa opreedetiet mmed targleparerst i sulcontda neo® oper ati on
rotating themunifornly. In Figs. 1 and 2, the notor (spindle notor) 6 is
di sposed at waishde phomgretd @ riecddadingg medidinitiey Howmelexeditonagebe
di sposed at a side of photomask 2. In |arge-scale production, the
arrangenent sbfaftthefl at eotcase 20des hefertdble freraesec i te¢ar@ansy to repl ace
the magnetic recording nedium 1 by another. Energy beans 8 irradiated from
an ener gy bwamiugedersat ithg thddrs {@nergy doelrs Sotr cayen 2k el passedt t hr ough
a honogeni zer 7 where the energy density is 25 equalized. The equalized
ener gy beangrafe thas sedneiicugtec ot ige miaty W havwinge o preaiet eriadd shape,
formed in a_ shading plate 3. Energy beans which pass through 20 DECEMBER
2005 distance by using a spacer 1A. A vacuum pipe 13 1is
provided in the shaft of the motor 6. The magnetic
recording medium 1 and the photomask 2 are fixed to the
10 motor shaft by the action of vacuum. Accordingly, when
the motor 6 is rotated, the magnetic recording medium 1
and the photomask 2 are rotated simultaneously. The
operation of the motor may be an intermittent operation
repeating rotation and stop by a predetermined angle or a
15 continuous operation rotating them uniformly.
In Figs. 1 and 2, the motor (spindle motor) 6 1is
disposed at a side of magnetic recording medium 1.
However, it may be disposed at a side of photomask 2. In
large-scale production, the arrangement of the later case
20 is preferable because it is easy to replace the magnetic
recording medium 1 by another.
Energy beams 8 irradiated from an energy beam
generating means (energy beam source) 9 are passed
through a homogenizer 7 where the energy density is
25 equalized. The egualized energy beams are passed through

an opening 4 having a predetermined shape, formed in a

shading plate 3. Energy beams which pass through



- 41 patterned openings in the non-transm ssive |aver 2A on the photomask
reach the surface of the magnetic recording nediuml. JdwsSceMBEK 20038€
surface of the portion of the magnetic recording nedium11 irradiated by the
energy 5 beans 8 is heated. In Figs. 1 and 2, the magnetic field generating
means 5 for applying a magnetic field to the magnetic recording nmediumis
di sposed between the photomask 2 and the shading plate 3. However, it may
be or may not be 10 fixed to the shadinglpl-ate 3. The magnetic field
generating nmeans 5 nay be disposed at only a rear surface side of the
magneti c redc@diNNeRAIRANING? B Poehnendesansmhessyendbeefokdr 6, shadi ng
pl ate 3, honogenizer 7 and energy beam generating neans (energy beam
source) 9 artdelPHatathio eaupporei pgrfapeecfotha Basnerial r6FOHIIHGH i s
formed in the shading plate 3, and energy beans passed through the
sectorial op@Etting 4 t+ o Thawve ®1dectiors Aur AfT ke Hredrerhedt e phét onask 2.
The photomask 2 and the magnetic _recording nmediuml1 are rotated 20

si mul t aneoudlagniat i€ i@ SHenedlinxedi¥paehetshabPly 6he eRerdpi ndl e not or
6 during which the sectorial energy beans 8 are irradiated onto the entire
surface 6f tIFENSrEgnet i%e3e®drding medium 1. In order to forma good
magnetic pattern, the 25 distance between the mask_and the magnetic
recording nedi utR SHEF d be?Bfli £ or Fi*BnRHBSEdRCEACLLC AEPEAHIEY For  this

r i i r ef er abl i i i 2 ER 2
purpose, 1t [ pref erabl e to dlspose. a.0puitering 29 PRCENBER.2005

recording medium is disposed between the photomask 2 and
the shading plate 3. However, it may be or may not be

10 fixed to the shading plate 3. The magnetic field
generating means 5 may be disposed at only a rear surface
side of the magnetic recording medium 1 or at both sides.
The spindle motor 6, shading plate 3, homogenizer 7 and
energy beam generating means (energy beam source) 9 are

15 fixed to a supporting table 10. A sectorial opening 4 is
formed in the shading plate 3, and energy beams passed
through the sectorial opening 4 to have a sectorial
surface area reach the photomask 2. The photomask 2 and
the magnetic recording medium 1 are rotated

20 simultaneously in a state of being fixed to the shaft of
the spindle motor 6 during which the sectorial energy
beams 8 are irradiated onto the entire surface of the
magnetic recording medium 1.

In order to form a good magnetic pattern, the

25 distance between the mask and the magnetic recording

medium should be uniform on the concentrical circle. For

this purpose, it 1s preferable to dispose a monitoring



- 42 device for observing an interference fringe which nay generate on the
magneti c recordi ng nmedium al though it is not shown in HERGEMBERYWS t he

di stance between the nask and the magnetic recording nediumis uniformon
the 5 concentrical circle, an interference fringe of concentrical circle
generates on the magnetic recording nedium On the other hand, when the

di stance between the nmnmask and the nmagnetic recording nmediumis ununiform on
the concentrical circle, an interference&2fr-inge of non 10 concentri cal
circle generates on the magnetic recording nedium Accordingly, the

provi si on oflevieandmin elissy vidwiae fnrepbserviagianngat ehiehene® fringe
makes adjustnent easy so that the distance between the nmask and the
magneti ¢ r eSeN¢NRg avedi Uhig Sagiigiordn BeCcereling rentent a1 ehbueghr éfelsNext,
the magnetic field generating nmeans and the nmagnetic pattern form ng nethod
of the pres&eC ishaeft jioh dn@Winde Hesey ithed AINtGNE Helivieen pilam Deely

showi ng the magnetic 20 pattern form ng nethod according to a first

embodi ment 6nd tthe pressEitla maTRIGmanted ¢t B¢ byni sormcpdsshsect i onal

view taken along a line B-B. A photomask 24 is placed on a | ongitudinal
magneti c> r EOSCENYTY fedi UMIZL Dy dht B PRI PerRCS phEERIS79EA 25 shading plate
23 i s di sposed above the photomask 24, and energy beans 25 are .irradiated
through an GPERSHG T4 biClNe IRRATREPF Q2 23 THILReIphoEEABRSK™ 4, a 20

DECEVBER zoggdium. On the other hand, when the distance between the

mask and the magnetic recording medium is ununiform on
the concentrical circle, an interference fringe of non-

10 concentrical circle generates on the magnetic recording
medium. Accordingly, the provision of the monitoring
device for observing an interference fringe makes
adjustment easy so that the distance between the mask and
the magnetic recording medium is uniform on the

15 concentrical circle.

Next, the magnetic field generating means and the
magnetic pattern forming method of the present invention
will be described.

Fig. 3(a) is a plan view showing the magnetic

20 pattern forming method according to a first embodiment of
the present invention and Fig. 3(b) 1s a cross-sectional
view taken along a line B-B.

A photomask 24 is placed on a longitudinal magnetic

recording medium 21 by interposing a spacer 27. A
25 shading plate 23 is disposed above the photomask 24, and
energy beams 25 are irradiated through an opening 23a of

the shading plate 23. In the photomask 24, a



- 43 transm ssive portion and a non-transm ssive portion are formed so as
to forma magnetic pattern. Permanent magnets 22a (N peb®rcadvbBea2o{ S pol e)
are attached to the shading plate 23 at both sides of the 5 opening 23a,
and air-core coils (electromagnets) 28a, 28b each forned by winding a wire
plural tinmes in a loop form are disposed adjacent to the permanent nmagnets
22a, 22b. Further, permanent magnets 22c (N pole) and 22d (S pole) are
attached to the opposite face of the magnetic 10 recordi ng nedium 21, and
air-core coils (electromagnets) 28a, 28b each forned by winding a wire
plural ti rrestrlaﬁilsallslsddﬁf fasrrh e @%@Ma@q‘m@msifh\f@ heopek@anane nagnet s
22c, 22d. The air-core coils 28a, 28b are mutually connected 15 with a
conduct i ng WorEedas® tafeito Fotmn endeRgret kommiciad - to a d. c. power source
31, a capacitor 32 and a thyristor 33 as shown in Fig. 3. The air-core
coils 28a, 28b &AEmanypectdde?ys bem (M rRole) |¢<@df%2lﬁ1 §d BSLled B&Ee<attached
to or detached fromthe magnetic recording nmedium 21 20 easily. In this

case, i s apitercdiegblte fopriAtieaa RIfkt 2ntfe it wotefeghetRe materi al

such as stal nl ess steel around the air-core coils. The provision of the
cover af ouﬁ@epﬁélga@ﬁﬁooraéﬁc&qrs-q%readRP&nkSagb%k%ctirrPfﬂwez%s* of $Bwi A§Ppoi nt .
When an electric current is supplied to the air-core coils,_they may cause

vi brati ons €8ThéraBPd Syartieyd disstd i e o WHet eyl the Hust q‘@?pdéBB& t on

t he 20 DECEMBER 2005
are d%sposed adjacent to the permanent magnets 22a, 22b.

Further, permanent magnets 22c¢ (N pole) and 22d (S pole)
are attached to the opposite face of the magnetic

10 recording medium 21, and air-core coils (electromagnets)
28a, 28b each formed by winding a wire plural times in a
loop form are disposed adjacent to the permanent magnets
22c, 22d.

The air-core coils 28a, 28b are mutually connected

15 with a conducting wire, and their both ends are connected
to a d.c. power source 31, a capacitor 32 and a thyristor
33 as shown in Fig. 3. The air-core coils 28a, 28b are
respectively bent in a U-like form so as to be attached
to or detached from the magnetic recording medium 21

20 easily.

In this case, it is preferable to provide a cover
made of a non-magnetic material such as stainless steel
around the air-core coils. The provision of the cover
around the air-core coils 1is advantageous in the

25 following point. When an electric current is supplied to
the air-core coils, they may cause vibrations to thereby

scatter dust in air whereby the dust may deposit on the



- 44 magnetic recordi ng nediumor the mask whereby a defect of printing
may cause. Thus, the provision of the cover prevents 2OBEGEMBERRZPGSN of dust
on the magnetic recording nedium Further, it is preferable to adopt such
measures 5 that air inside the cover is sucked together with the dust. The
magneti c recordi ng nedium 21 has, for exanple, a static coercive force at
roomtenperature of 3,000 Ce and a dynam c coercive force of 8,000 Ce, and
is previously 10 nmagnetized uniform y-iasa-predeterm ned direction by nmeans
of an el ectromagnet of about 10 kCe. To the nagnetic recording nmedium a
magnet i ¢ fiskdnefianrecaréisict pediiuabont thesaG sk wheaGhOn idewaystappl i ed
in a direction opposite to the direction of uniform 15 nagneti zati on by
means of therpefingeneynagnees 2Pauso tRedprprHieider ofotagplopvempul se-1i ke
external magnetic field, a potential difference of, for exanple, about
sever al hundredenskt §hies dgirpen tiont d Sapdciarorta? MAprEr iarrc @fdihe d. c.
power source 31. Then, a trigger signal is generated froma trigger device
34 at a tiMAgluBf appryhey ahtextephaferaghet te pPerd. sWhbnmefeugyger
signal is inputted to the gate termnal of the thyristor 33, the electric
current ¥l ow8atnstantianédgsiyict 60VRE 25 Suckest aesihengaltirgdue to a
potential difference in the capacitor 32. The supply of the pulse-Ilike
current prod8Ees a pul se-1ike magnetic field with, for exanple, a 20

DECEMBER 2005 . . .
The magnetic recording medium 21 has, for example, a

static coercive force at room temperature of 3,000 Oe and
a dynamic coercive force of 8,000 Oe, and is previously

10 magnetized uniformly in a predetermined direction by
means of an electromagnet of about 10 kOe. To the
magnetic recording medium, a magnetic field of an
intensity of about 1,500 to 2,000 Oe is always applied in
a direction opposite to the direction of uniform

15 magnetization by means of the permanent magnets 22a to
224d.

In order to apply a pulse-like external magnetic
field, a potential difference of, for example, about
several hundred volts i1s given to the capacitor 32 by

20 means of the d.c. power source 31. Then, a trigger
signal is generated from a trigger device 34 at a timing
of applying an external magnetic field. When the trigger
signal is inputted to the gate terminal of the thyristor
33, the electric current flows instantaneously to the

25 air-core coils 28a, 28b due to a potential difference in
the capacitor 32. The supply of the pulse-like current

produces a pulse-like magnetic field with, for example, a



- 45 pulse width of 200 psec and the maxi mumintensity of about 1,000 Ce
around the coils. As shown in Fig. 3(b), since the nagoebECEMBERd0O0Spr oduced
by the air-core coils 28a, 28b serves as an 5 auxiliary magnetic field for
the magnetic field by the pernmanent magnets 22a to 22d, a pul se-Ilike
magnetic field having the maxi mumintensity of about 3,000 Ce in total is
applied. On the other hand, the trigger signal fromthe 10 trigger device 34
is inputted to an energy beam source 3645fer emtting, for exanple, exciner

| aser (wavel ength: 248 nm through a delay device 35 whereby pul se-like
energy beapslarewgenér atfed.00The shanyy Weamadimeumpasseenshrough a
programmabl e shutter, a beam expander, a prismarray is and so on (not
shown), andakpeti Ar &di0atCed ageyngd sérq id@llenergy beans 25 having, for
exanpl e, a pulse wdth of  several tens nsec and an energy density of 100 to
200 ml/cnR. Usédl ISpowrhey ilslichg orPfal $imee of¢ Heagiagheti €1618ld 20
generated by an el ectromagnet, takes a certain tinme due to its

char act er i sPregucaelcHYdithg ¢ 1t 1rerEni<si bh 28w i I9eveheryy2beans shoul d
be adjusted by using the delay device 25 so that the energy beans 25 are
irradi at®d PUEEL1lIGHENTERE SSRGS T MBnSRS HRsEsHesC n%wr%bywlﬁ% such 25

adj ustnent, a pulse-like nmagnetic field of about 3,000 CGe in total_can be

appl i ed at PREMERRE Tt MAETEE St He 2 (5T aditht %S & het eh didP desst 2819 Si nce

t he dynam c, 20 ,DECEMBER 2Q05 . ,
y having the maggmum intensity of about 3,000 Oe in total

is applied.
On the other hand, the trigger signal from the
10 trigger device 34 is inputted to an energy beam source 36
for emitting, for example, excimer laser (wavelength: 248
nm) through a delay device 35 whereby pulse-like energy
beams are generated. The energy beams are passed through
a programmable shutter, a beam expander, a prism array
15 and so on (not shown), and are irradiated as pulse-like
energy beams 25 having, for example, a pulse width of
several tens nsec and an energy density of 100 to 200
mJ/cm’.
Usually, the rising or falling of the magnetic field
20 generated by an electromagnet takes a certain time due to
its characteristics. Accordingly, the emission time of
the energy beams should be adjusted by using the delay
device 25 so that the energy beams 25 are irradiated just
when the magnetic intensity becomes maximal. With such
25 adjustment, a pulse-like magnetic field of about 3,000 Oe
in total can be applied at the same time of the

irradiation of the energy beams 25. Since the dynamic



- 46 coercive force of the heated area in the magnetic recording nedium 21
is reduced to 3,000 Ce or less, only the heated area 28 DEAEMBER2005
reversely by the pulse-like mgnetic field whereby a magnetic pattern is
formed. By 5 the way, a pulse-like current nmay be supplied directly from
the d.c. power source without using the capacitor. Fig. 4(a) is a plan view
showi ng the magnetic pattern form ng nethod according to a second enbodi nent
of the present invention and Fig. 4(by ¥ a cross 10 sectional view taken
along a line CGC. The second enbodinent is the same as the first enbodi nent
except thafCg&FFi¥6r é o6 £ ddq g hrad eketl i HRe Bd9BEthe air-core
coils 28a and 28h. A photomask 24 is placed on a |ongitudinal magnetic 15
recor di ng nEBFERF2 RSP SNUEr posiify & 27 - W0 shadPhgl pFat e®23Yi s

di sposed above the photomask 24. Energy_ beans 25 are irradiated to the

phot omask 281t REGLGR &% Gpefi MFPTE Fied Hee 'Shati hg DY atlee Bulae-like
transm ssive portion and a non-transm ssive portion are 20 forned in the

phot omask 2828854t § 1631 85617PH & deThfgniet iR ek terhS t BPFe=F or nBd.
Per manent magnets 22a (N_pol e). .and 22b (S pole) are it cged t o the shading
pl ate 23 at tB6t Wa¥i dés POfL SEne - Xsp EMTTEI3 A 7S cOHRP b‘?‘ﬁls tefettYomagneti c)
(21?2 293 ZgFggéhPtﬁfgr % b &Mﬁ&d%%ra W r.e.}g uradsti metshi n | oo .fgrm are
posed a nt o %t fre n fHgHEL i Y2415 9%, tiper Hafeht Ofragnet s 22¢
(N pole) and 229&%8. FZ‘Lo(lae)) iasr ea 2p01a[?1EQfEJJ_VeBWERsl'?c9v915ng the magnetic
pattern forming method according to a second embodiment
of the present invention and Fig. 4(b) is a cross-
10 sectional view taken along a line C-C. The second
embodiment is the same as the first embodiment except
that air-core coils 29%9a to 29d are used instead of the
air-core coils 28a and 28b.
A photomask 24 is placed on a longitudinal magnetic
15 recording medium 21 by interposing a spacer 27. A
shading plate 23 is disposed above the photomask 24.
Energy beams 25 are irradiated to the photomask 24
through an opening 23a of the shading plate 23. A
transmissive portion and a non-transmissive portion are
20 formed in the photomask 24 so as to correspond to a
magnetic pattern to be formed.
Permanent magnets 22a (N pole) and 22b (S pole) are
attached to the shading plate 23 at both sides of the
opening 23a. Air-core coils (electromagnetic) 29a, 29b
25 each formed by winding a wire plural times in loop form

are disposed adjacent to the permanent magnetic 22a, 22b.

Permanent magnets 22c¢ (N pole) and 22d (S pole) are



- 47 attached to the opposite face of the magnetic recording nedium 21,
and air-core coils (electromagnets) 29c, 29d each for peDEOEMBERADISy a W re
plural tines in a loop form are disposed adjacent to the permanent nagnets
22c, 22d. 5 The air-core coils 29a to 29d are nmutually connected wth
conducting wres, and they have their both ends connected to a d.c. power
source, a capacitor, a thyristor and so on (not shown) in the sane nmanner
as in Fig. 3. 10 The structure of the #®agnetic recording nedium?21 and the
met hod for applying a pul se-like external magnetic field and pul se-Ilike
ener gy bean%té@@h@getgaﬁée agrrA itke fRicssofe MASHIC YL C | FRE e 1Y st

enbodi nent, the air-core coils 28a, 28b 15 are disposed extending to upper
and | ower pBEivAs2bf BRE apEdCGrRe FAewever(elias e wifiodi mett, 274 - core
coils 29a, 29b are at an upper side of the nmediumand air-core coils 29c,
29d are at BFBWEPTEPEePYf WiRE 1 REdPUMLEEs Petitiddelbime sacdbradi Ry, £ eFe
attachnent or detachnent of the medium 20 is easier than that of the first
embodi ment . 2¥¢ g3 8Pafefs 287 BF&R by FewEERoWSAT S ERTRS 'S It er4F f or i ng
met hod accordin% to athird enbgdinent of _ the present {nvention and Fig.
5(b) is’a crossI88cBrEAaPTevicew Faked %y A 395 & B Phet YAt 8fbodi nent
is the 25 sape as the second,enbodi nent except that .permanent _rmagnets 22a,
)3b and ai VLGRS EONREESO8 W5585ar 810 SHEYedR R iy A HpiIILt de of ¢ he

medi um 20 DECENBER 2005 .
connected to a d.c. power source, a capacitor, a

thyristor and so on (not shown) in the same manner as in
Fig. 3.
10 The structure of the magnetic recording medium 21
and the method for applying a pulse-like external
magnetic field and pulse-like energy beams are the same
as in the first embodiment 1.
In the first embodiment, the air-core coils 28a, 28b
15 are disposed extending to upper and lower portions of the
medium. However, in this embodiment, air-core coils 29a,
29b are at an upper side of the medium and ailr-core coils
29c, 29d are at a lower side of the medium respectively.
Accordingly, the attachment or detachment of the medium
20 1is easier than that of the first embodiment.
Fig. 5(a) 1s a plan view showing the magnetic
pattern forming method according to a third embodiment of
the present invention and Fig. 5(b) is a cross-sectional
view taken along a line D-D. The third embodiment is the
25 same as the second embodiment except that permanent
magnets 22a, 22b and air-core coils 29a, 29b are disposed

at only an upper side of the medium.



- 48 A photomask 24 is placed on a | ongitudinal magnetic recordi ng nmedi um
21 by interposing a spacer. A shading plate 23 is di spodESEMBBR20051e

phot omask 24. Energy beans 25 are irradiated to the photomask through an 5
opening 23a fornmed in the shading plate 23. A transm ssive portion and a
non-transm ssive portion are forned in the photomask 24 so as to correspond
to a mgnetic pattern to be forned. Permanent nagnets 22a (N pole) and 22b
(S pole) are 10 attached to the shadirng8ptate 23 at both sides of an
opening 23a. Air-core coils (electromagnets) 29a, 29b_, each forned by
winding a wire 6I@PﬂtQﬁ%%§3%%1%¥Iﬁiﬂfeqcﬁqn%ﬂ%?%ﬁ%&%%é@a%dT%%QﬁFlFo t he
per manent nmagnets 22a, 22b. 15 The air-core coils 29a, 29b are nutually
connected WPERTE1BGNHGELHAY 2vi ¥, 1@TETHENE) Wave BHIPendS EOREd®Rd to a
d.c. power source, a.capacitor, a thyristor and so on (not shown) in the
same mannerPA8tEn2Ri ¢S 91SPRESS: AROME &16F BN Megietid: r EEGT@Ng medi um 21

is 20 the sane as _that of the first enbodi nent and i revi ously
magnet i zed GRFFSr APy 3ER ATHA éﬁéﬂnﬁﬁe&'eﬂﬁ#%@FWHﬁS%yﬁﬁﬁﬁéﬁéc??onagnet of

about 10 kCe. A. magnetic field of about 1,500.tq 2,000 Ce is always
applied to ?ﬂ@nﬁﬁang?PcfP§@8ﬁdFﬁgtﬁ@dﬁﬁﬁ 7% R adiS ecti oA 25 opposite to the

direction og uni_f orm.magnet i zat i ns of t.he .permanent nmagnets 22a,

b
22, Then, S*BUFEGSFINE BRESEAR NSyReriR Trar S D6 BRCENEER 2Do5

formed in the photomask 24 so as to correspond to a
magnetic pattern to be formed.
Permanent magnets 22a (N pole) and 22b (S pole) are

10 attached to the shading plate 23 at both sides of an
opening 23a. Air-core coils (electromagnets) 29a, 29b
each formed by winding a wire plural times in a loop
form are disposed adjacent to the permanent magnets 22a,
22Db.

15 The air-core coils 29a, 29b are mutually connected
with a conducting wire, and they have both ends connected
to a d.c. power source, a capacitor, a thyristor and so
on {(not shown) in the same manner as in Fig. 3.

The structure of the magnetic recording medium 21 is

20 the same as that of the first embodiment and is
previously magnetized uniformly in a predetermined
direction by an electromagnet of about 10 kOe. 2
magnetic field of about 1,500 to 2,000 Oe is always
applied to the magnetic recording medium in the direction

25 opposite to the direction of uniform magnetization by
means of the permanent magnets 22a, 22b.

Then, a pulse-like external magnetic field and



- 49 pulse-like energy beans are applied in the sane manner as in the
first enbodiment. A pulse-like magnetic field having, Hooecymm ®osa pul se
wi dth of 200 psec and the maxinmumintensity of about 1,000 Ce is generated
around 5 the coils. As shown in Fig. 5(b), since the magnetic field forned
by the air-core coils 29a, 29b serves as an auxiliary magnetic field of the
magnetic field by the permanent nmagnets 22a, 22b, a pul se-like nmagnetic
field 10 having the maxi mumintensity-of2about 3,000 Ce in total 1is
applied. In this case, a short pulse-like magnetic field having a short

pul se wi dt hPBfise-dékeornegsy LeagFplated 2PPIHET dh ©RIyS 3R rearifavifAg t he
direction opposite to 15 the current flowng in the air-core coils 29a, 29b
is generaté8 Cthet hérikgfERCELTEEdr-di igPRedPumiEe. mrHecEddy fiahd ent
generates a magnetic field which cancels a _vertical magnetic_field
conponent pPaYLEed Byt REEEiles. @ Blttfer i & & Horiemtard nelyfetic fiel d
conponent by 20 the eddy current has the sane direction as the horizontal
magnet i c fi BPFLEGRPORERTSBY Yt ke AL, 4P &§ v EIFA T A4 Ehe second
ext er nal naggetic, i el d. Such phenonenon is obtainable by disposing coils at
one side’ of “*fe“Ragfetic | ayer and di sposing a conductive 25 plate at the

opposite side. Howeyer, whe .theffﬁﬁsprale of .the mediumis.a conductive

substrate such §§,S%8Wn eXanpi%, AU iR 19 RHE Shhe %ﬁ%%gnenon is 20

DECEMBER 209%rmed by the air-core coils 29%a, 29b serves as an
auxiliary magnetic field of the magnetic field by the
permanent magnets 22a, 22b, a pulse-like magnetic field

10 having the maximum intensity of about 3,000 Oe in total
is applied.

In this case, a short pulse-like magnetic field
having a short pulse width of 1 sec or less is applied.
Then, an eddy current having the direction opposite to

15 the current flowing in the ailr-core coils 29a, 29b is
generated in the magnetic recording medium 21. The eddy
current generates a magnetic field which cancels a
vertical magnetic field component produced by the coils.
Further, since a horizontal magnetic field component by

20 the eddy current has the same direction as the horizontal
magnetic field component by the coils, they serve
effectively as the second external magnetic field.

Such phenomenon is obtainable by disposing coils at
one side of the magnetic layer and disposing a conductive

25 plate at the opposite side. However, when the substrate

of the medium 1s a conductive substrate such as, for

example, aluminum alloy, the same phenomenon is



- 50 obtainable because this substrate serves as the conductive plate. The
third enbodi nent provides a sinple structure because tHPEFMBER 205 er nal
magnetic field applying neans 5 is disposed at only a side of the nmedium
Thi s enbodi mrent may cause vibrations in the medium due to the eddy current.
If there is a danger of causing an adverse effect by the vibrations of the
medi um the second enbodinent is preferably used. In the second 10

enbodi ment wherein the nagnets are di spé6fed both sides wth respect to the
medium the eddy current in the nediumis canceled and there is little
possi bi | i ty obfaigaddinPaABISR i GHS | THR e Mt /F VThe2 posiei ons of the
air-core coils in Figs. 3 to 5 15 are shown as exanples, and the positions
are not in SPAMICKIHVE Qlidfited as far as magnetic field can be applied in

t he conbi nation of the nmagnetic field of {he permanent nmagnets. Further, a
pul se-1i ke magnethic 7614 FREP HE DI PEV 1205 by BsTRGSaSpFUFSHFey of coils
havi ng different nunmber of turn wherein a pulse-ljke nmagnetic field
conmponent h&FCRG S Hhoh GG Pt SXGFTRN dIRPREPLF skl ¢ 1k e2nRlieRy cCVERBFd
conponent having a shorter pul se ngieh are conbined. Wth this, a pulse-like
magnet i c®fi ei°d S tatuﬁﬁyfc?r SIS 1y erlee TGN zati on can actual |y be

shortened.  Noxt g, f ourth, ertiodi rent  of L he; present. | axeprLon ut | be

due to the eddy current. If there is a danger of causing
an adverse effect by the vibrations of the medium, the
second embodiment is preferably used. In the second
10 embodiment wherein the magnets are disposed both sides
with respect to the medium, the eddy current in the
medium is canceled and there is little possibility of
causing vibrations in the medium.
The positions of the air-core coils in Figs. 3 to 5
15 are shown as examples, and the positions are not in
particular limited as far as magnetic field can be
applied in the combination of the magnetic field of the
permanent magnets.
Further, a pulse-like magnetic field may be applied
20 by using a plurality of coils having different number of
turn wherein a pulse-like magnetic field component having
a longer pulse width and a pulse-like magnetic field
component having a shorter pulse width are combined.
With this, a pulse-like magnetic field component used for
25 reverse magnetization can actually be shortened.
Next, a fourth embodiment of the present invention

will be described.



- 51 This enbodinent is applicable to a disk-Iike |ongitudinal magnetic
recordi ng nmedi um having the central opening. The strucwBEEMBRI®esRdi um i S
the sane as that of the first enbodi nent and is previously magnetized 5
uniformy in a predeterm ned direction. A conductive menber such as a

conductive coil is disposed so that it is inserted into the central pole in
a direction perpendicular to the surface of the nedium The conductive
coil is connected to a d.c. power sourc&l a 10 capacitor, a thyristor and so

on in the same manner as in the first_ enbodinent, and the nediumis applied
with a pul se-| e Sex@@thimerignet i PR BFP BRI Pud séipikelBfergy beans in
the same manner as the first enbodi nent. Wen a pulse-]ike current is

suppl i ed t o lPRE1tISIEGAdFRGRRE Irfe HRGOT B BUIRRA Tk Graket F oS f P # &
generated around the nediumin its circunferential, direction. According to
this enbodi REREIPhe SBBoAABTESTEERAPE MEGNEEE Y éisd B S§iMRulSariestis y be
applied to the 20 entire surface of the nmedium Accordingly, this

enbodi nent P§ pPer EF&SIty ARG S0 Ak e IR IR HG RRORFEeRer of 2.5
inches or less. In_the follomh? , explanpation will be nmade as to the nethod

for heat?ngUPeERFMYYt HE Ragh&d R Eteactidraf W™ 25 4 &R PridSent
invention. It is sufficient for eating means to have the _functjon of
heati ng | ocBFIYSEhEYSTr Pac& &quﬁgrkﬁﬁfﬁé%ﬁzbs stpsrhat it
is inserted into the central pole in a direction
perpendicular to the surface of the medium. The
conductive coil is connected to a d.c. power source, a
10 capacitor, a thyristor and so on in the same manner as in
the first embodiment, and the medium is applied with a
pulse-like external magnetic field and pulse-like energy
beams in the same manner as the first embodiment.
When a pulse-like current is supplied to the
15 conductive member, a pulse-like magnetic field is
generated around the medium in its circumferential
direction.
According to this embodiment, the second external
magnetic field can simultaneously be applied to the
20 entire surface of the medium. Accordingly, this
embodiment is preferably applied to the medium having a
diameter of 2.5 inches or less.
In the following, explanation will be made as to the
method for heating locally the magnetic layer according
25 to the present invention.
It 1s sufficient for a heating means to have the

function of heating locally the surface of the magnetic



- 52 layer. However, in consideration of the thermal diffusion to
undesired portions and controllability, it is preferali®RCEMBEER BOEr gy
beans such as | aser because power control and the size of an area to be
heated can 5 easily be controlled. In this case, use of a mask is
preferabl e because a plurality of magnetic patterns can be forned at a tine
by irradiating the energy beans through the nmask, whereby a nagnetic
pattern formng step can be shortened 3hd-is sinple. 10 Further, it is
preferable to control the position of a heated area or heating tenperature
by renderintpY®e. dhergiehears tonpbderpulce- pfkeheorheragher than
continuous irradiation. In _particular, use of a pulsed |aser |ight source is
15 desir abl @1 f Thelpul sedundsei refghersagree ang conds@lilledid 1t drfrittently
| aser in a pulse formand is very preferabl e because | aser having a high
peak power ValRecfespbbe FPrHEPatBETPH 2°¢8Fy SEREr £St il AN PAIFeISt or age of
heat is mnim zed, in conparison with the case that 20 continuous |aser is
changed t o ROWRT seCRBF Al by antBpt FEER Odedic8T&dclkCaPcaReacAstGad opt i cal
device (AO or, an _electro-optical_device (EQ. Wen the con#inuous | aser is
changed >t 0 @ Put¥ePF of AREhYLlsGEN ot i BatS dedfte, UEReCpufsBBSKasér has 25
substantially%%he gfne gomer as tEe c ntinu%us | aser, over its pul se w dth.
On the ot hét® AEMPP TR PREPEFsBdPLASEF 1 oFi Ght ME80FEES PO & AT™IE: energy i s
stored by rggopggggﬂ%gtqg y%gRb§09§radiating the energy beams
through the mask, whereby a magnetic pattern forming step
can be shortened and is simple.
10 Further, it is preferable to control the position of
a heated area or heating temperature by rendering the
energy beams to be a pulse-like form rather than
continuous irradiation.
In particular, use of a pulsed laser light source 1is
15 desirable. The pulsed laser light source is to oscillate
intermittently laser in a pulse form and is very
preferable because laser having a high peak power value
can be irradiated in a very short time and the storage of
heat is minimized, in comparison with the case that
20 continuous laser is changed to a pulse form by an optical
device such as an acoustic optical device (A0) or an
electro-optical device (EO).
When the continuous laser is changed to a pulse form
by such optical device, the pulsed laser has
25 substantially the same power as the continuous laser over

its pulse width. On the other hand, in the pulsed laser

light source, for example, energy is stored by resonance



- 53 in the light source, and | aser beans are emtted at a tine as a

pul se. Accordingly, the power is very large at its peald DESEMBERIE i n each
pul se, and decreases after then. In the present invention, use of the

pul sed | aser 5 light source is suitable because in the formation of a
magnetic pattern having a high contrast and accuracy, it is preferred to
heat quickly and cool quickly. The nmedium surface in which a nagnetic
pattern is formed should have a | arge tenperature difference between 10 an
irradiation tinme and a non-irradiation tine of pulse |ike energy beans in
order to inénehbe thehtoRrrasE. ofnNG e Swat temamorayrebsieed het racor di ng
density. Accordingly, in a non-irradiation tine of pulse-like energy
beams, tenpéiBEuré Shbiullécbe kepPraibBUnd. r 66M PSWESEEr Ateie lerdooviEr . The
roomtenperature is about 25C. The pulse width of pul se-like energy beans
is desirablys1ippakcpreivereyalupghdn EREHEISsH Rt ideTiRTeS thERST hat

val ue, heat by the energy given by the pulse- |ike energy _beans disperses in
t he magneti EnFBeor B N2 0P hedF R WAEPBBYOCPesBEGt Pén tihs &t sEes déG®ase. Wen
the power per 1 pulse is equal, the pulse width should be mnade short so as
to generat elag8tr SRYTERerFy SR t@PLenPeCafeh 11t K& i et vr P f heat i s
small and the resolution of the magnetic pattern tends to increase. Mire 25
pref er abl y, "eHBSpAFsBAN-GER FEViOE %3369§'QQQﬁia%91qq@uaCQ%ﬁﬁﬁyoflbulse

O, 5 oRptshO LA M2, TRl LY DY 8 fy O Fesoluton even
The medium surface in which a magnetic pattern is
formed should have a large temperature difference between
10 an irradiation time and a non-irradiation time of pulse-
like energy beams in order to increase the contrast of
the pattern or increase the recording density.
Accordingly, in a non-irradiation time of pulse-like
energy beams, temperature should be kept around room
15 temperature or lower. The room temperature is about 25°C.
The pulse width of pulse-like energy beams is
desirably 1 usec or less. When the pulse width is wider
than that value, heat by the energy given by the pulse-
like energy beams disperses in the magnetic recording
20 medium whereby resolution is apt to decrease. When the
power per 1 pulse is equal, the pulse width should be
made short so as to generate a strong energy at a time.
Then, the dispersion of heat is small and the resolution
of the magnetic pattern tends to increase. More
25 preferably, the pulse width 1s 100 nsec or less. In that

range of pulse width, it is easy to form a magnetic

pattern having a high resolution even when a substrate



- 54 npmade of nmetal such as Al having a relatively large thermal diffusion
is used. When a pattern having the mninumw dth of 2 JPDEOEMBESS2005 t0 be
fornmed, the pulse wdth should be determned to be 25 nsec or |ess. Nanely,
5 in considering the resolution significantly, the pulse wdth should be
short as possible. Further, the pulse wdth is preferably 1 nsec or nore
because it is preferable to keep heat until the reversal of magnetization
in the magnetic layer is conpleted. 10 A4 a kind of pul sed |aser, there is

| aser capable of generating at a high frequency ultra-short pulses in a

| evel of pivedseofometedt suséc asudi dxrvriode-d gekdet wesky . la¥aea period in
which ultra-short pulses are irradiated at a high frequency, the |aser is
not given i khgrpedydshsrsios tismeistest webhesaghpaltteansherminsultge However ,
since the non-irradiation tine is very short, the tenperature of a heated
portion doeBlpéiunewieiase o INamty oTar sfrsed sMiic e i ko iR@ helat edui 8eCuri e
tenperature or nore can be kept at the Curie tenperature or nore. 20 In
such case, #égshdehgyd ®ecolnbaiioused rradrat? dmsper PodleasScontphRabdlis
irradiation period including atime in which |aser between each ultra-short
pul se i s? not™ FPREAFSEEAY itHSdECEOHYePTas BT ERFift here BPRese
integration value of irradiation energy quantity in_the 25 contj nuous

i rradi ati onWperrodreldePsr fiReE &S E(ﬂ/%grlbl(%/%i%ﬁ)thﬁé"r' Pl ®Y14% hough t he

power of en%ﬁ%%hb?gngr% grg%lghqs%ge%pCBE%EM%Fﬁéﬁgﬁée it is

preferable to keep heat until the reversal of
magnetization in the magnetic layer is completed.

10 As a kind of pulsed laser, there is laser capable of
generating at a high frequency ultra-short pulses in a
level of pico sec or femto sec such as mode-locked laser.
In a period in which ultra-short pulses are irradiated at
a high frequency, the laser is not given in a very short

15 time between each ultra-short pulse. However, since the
non-irradiation time is very short, the temperature of a
heated portion does not decrease. Namely, an area which
is once heated to Curie temperature or more can be kept
at the Curie temperature or more.

20 In such case, accordingly, a continuous irradiation
period (a continuous irradiation period including a time
in which laser between each ultra-short pulse is not
irradiated) is determined as 1 pulse. Further, the
integration value of irradiation energy quantity in the

25 continuous irradiation period is determined as power
(J/cm?) per pulse.

Although the power of energy beams can be chosen



- 55 with the optinum val ue dependi ng on the magni tude of an applicable
external magnetic field, it is preferable that the povweDEEMBEREHE | ke
energy beans per pulse is 1,000 ml/cnR or |less. The application of a |arger
power than 5 that power may danmage the surface of the magnetic recording
medi um by the pul se-1i ke energy beans to cause deformation. Wen the
surface roughness or unevenness is increased by the deformation, there may
cause troubles in noving a flying/contast-head. 10 Therefore, the power is
preferably 500 mJ/cn2 or less, nore preferably, 200 mJ/cn2 or less. In this
range, a neEghbt tbepartémuavieddea dengmdigsplan itde imaasEsiude fofned even in
a case of using a substrate having relatively large thermal diffusion
properti es. aPpltheblet ketgoner I5Ins tgceffaradsl y 10 1) /et oralbe ethghen it
is smaller than that value, tenperature rise in the magnetic |ayer is
suppressed &hd pPpwes @itf bPludgler lildeolenaing nirgaestd ®eprihigegl s Sk ne@Oi nf |l uence
by the diffraction of energy beans varies depending on the pattern wdth,

t he opti muniiZocpovwer bEs9. vaesarebedrlt HeP obt t Ael payEEr ROVEE AhaThe

shorter the wavel ength of energy beans is, the |lower the wupper limt of an
appl i cabl e pbaér PPYETWiSH CREAGESDCACATISEE iaf tHe PasEEitF nvention is
conposed of netal ,such as Al _or an alloy, the substrate 25 has a |large

ther mal condBEPFALEY. MBEAHFIPNgINRS P SFouer<s SHFENerREARE i P a£3aPge of 30

to 120 mJ/cn? so as.not to cause the defornat%on of a nmagnetic pattern,
which is 20d9§@EWBERO§005When the surface roughness or unevenness 1is

increased by the deformation, there may cause troubles in
moving a flying/contact head.

10 Therefore, the power is preferably 500 mJ/cm® or less,
more preferably, 200 mJ/cm® or less. In this range, a
magnetic patter having a high resolution is easily formed
even in a case of using a substrate having relatively
large thermal diffusion properties. Further, the power

15 is preferably 10 mJ/cm® or more. When it is smaller than
that value, temperature rise in the magnetic layer is
suppressed and it is difficult to obtain magnetic
printing. Since influence by the diffraction of energy
beams varies depending on the pattern width, the optimum

20 power also varies depending on the pattern width. The
shorter the wavelength of energy beams is, the lower the
upper limit of an applicable power is.

When the substrate used in the present invention is
composed of metal such as Al or an alloy, the substrate

25 has a large thermal conductivity. Accordingly, the power
is preferably in a range of 30 to 120 mJ/cm® so as not to

cause the deformation of a magnetic pattern, which is



- 56 caused by heat spreading to an undesired area, or not to cause a
physi cal damage to the substrate by an excessive ener gy.pDHOEMEXH 2004 he nost
part of the energy beans is 5 interrupted by the non-transm ssive portion of
the mask and only a portion passing through the transm ssive portion is
irradiated to the nedium Accordingly, the power given to the substrate
tends to be small. As the w dth of a nagnetic pattern to be forned is
narrowed, 10 i.e., the transm ssive perbton of the mask is narrowed, the
transm ssion of the energy beans through the transm ssive portion is
difficult, andsaét byl bpati spagiestied sowen idarltsst angp.a ¥aswt ha? the
substrate is made of ceram cs 15 such as glass, the power is preferably in a
range of 10C21§e1B0PRYFERRbECHTSE tHite HiFeSvalS tagiducty o isk&sdiven
conparison with a substrate of Al or the |like, and the storage of heat at

t he positi oR'®hE¥e the pul se-like energy beans are irradiated, is large. 20
In a case that the substrate is nade of resin such as polycarbonate, the
power is preferaBl ya%k a FEnGOSt PHT (& SIS h&fBE the storage of
heat at the, Eosition where the pul se-1ike energy beans are irradiated, 1is
| arge arfd t RBEREFEPARGIPEY NS IOaw HERTEGHF S VSoR R AP 25 i fnask
preferable range of the power is influenced a tinme until, the pul se-like

g p
ener gy beanﬁnﬂaQE?X BeBPrABPE PG SEEEEVBER the transmissive

portion is irradiated to the medium. Accordingly, the
power given to the substrate tends to be small. As the
width of a magnetic pattern to be formed is narrowed,

10 i.e., the transmissive portion of the mask i1s narrowed,
the transmission of the energy beams through the
transmissive portion is difficult, and actually
irradiated power is smaller.

In a case that the substrate is made of ceramics

15 such as glass, the power is preferably in a range of 10
to 100 mJ/cm® because the thermal conduction is small in
comparison with a substrate of Al or the like, and the
storage of heat at the position where the pulse-like
energy beams are irradiated, is large.

20 In a case that the substrate is made of resin such
as polycarbonate, the power is preferably in a range of

10 to 80 mJ/cm?

because the storage of heat at the
position where the pulse-like energy beams are irradiated,
is large and the melting point is low in comparison with
25 glass.

A preferable range of the power is influenced by a

time until the pulse-like energy beams have a desirable



- 57 power for irradiation, i.e., arising tinme of pulse. The
above- nenti oned desirable range of power is such val ue20nEEeEMBER 200551 ng ti nme
is 5 nsec. Further, when a danage to the magnetic |ayer, 5 protective |ayer
or lubricant |layer by the energy beans is feared, it is possible to take a
way to increase the intensity of magnetic field applied at the sane tine of
the application of the pul se-like energy beans while the power of the
pul se-1i ke energy beans is nade small- For- 10 exanple, a | arge magnetic
field as large as possible in an adm ssible range is applied to reduce
i rradiati orPowpiergyr Waeadi Rt leRer gy Sbeams rapangr tadicardd PuRssugh Thige
protective |ayer and the lubricant |ayer, there is a case 15 that |ubricant
i s coated crP@gaifeaftercghderiraliiat F8RIEN CEoRSWEET atSi GRCHf Va ldehage
(deconposition, polynerization or the l[ike) to the lubricant. It is
preferred tWantHeewaleleagthngf 16he 8f€Fgy beans is 1,100 nmor |ess. Wen
the wavel ength is 20 shorter, a fine magnetic pattern can easily be forned
because the di fFREERPEN WhfECE PETSAR [FCakdd FBINSESIE UEYST i s i ncreased.
More preferably, the wavelength_ is 600 nmor |ess. Such wavel ength gives
not only a PHYHCEELD tRY8h Bt 1aPEeCaREmARY odi P &E6 @ﬁ,erwa(eﬂo@@g?n% he 25
space between the ngsk,and t he ma%geti C reﬂc(ordi ng nmedi ym can be w dened,
hence, handts ngP3s@asyt afdPPREIPEGNSPr GBEFoR ¥R Ya SRagREticdSFatt® n f or mi ng
Vi [ . 20 DE ER 2 . : .
device is gﬁ?Qénsfky é%mﬁggneggg field applied at the same time of
the application of the pulse-like energy beams while the
power of the pulse-like energy beams is made small. For
10 example, a large magnetic field as large as possible in
an admissible range is applied to reduce irradiation
energy.
When the energy beams are irradiated through the
protective layer and the lubricant layer, there is a case
15 that lubricant is coated on again after the irradiation
in consideration of a damage (decomposition,
polymerization or the like) to the lubricant.
It is preferred that the wavelength of the energy
beams is 1,100 nm or less. When the wavelength is
20 shorter, a fine magnetic pattern can easily be formed
because the diffraction effect is small and the
resolution is increased. More preferably, the wavelength
is 600 nm or less. Such wavelength gives not only a high
resolution but also a small diffraction, whereby the
25 space between the mask and the magnetic recording medium

can be widened, hence, handling is easy, and the

construction of a magnetic pattern forming device is easy.



- 58 Further, the wavelength is preferably 150 nmor nore. Wen it is |less
than 150 nm the absorption of heat by synthesized quasbEcussir2065 t he mask
is large, and heating may be insufficient. Wen the wavel ength is 350 5 nm
or nore, optical glass can be used for the mask. As the energy beans,
specifically, excimer laser (157, 193, 248, 308 and 351 nn), a second
har noni ¢ wave (532 nn), a third harnonic wave (355 nm or a fourth
har moni ¢ wave (266 nn) of Qswitch | aserg(1,064 nm of 10 YAG Ar |aser (488
nm 514 nm) or ruby laser (694 nnm may be nentioned. Preferably, the energy
beans are pFevibesl ythsubpeetlethatd: ars ipredresialyl WisT¢ ibutdomegeal i zi ng
treatment so that the distribution of heat in the 15 irradi ated area can be
suppressed Woebeisnmakl lasg tthen diSh minhbutilen afsadet magnet ikkedntlensity of a
magnetic pattern can be suppressed to be small. Accordingly, a nagnetic
patt ern havewmgtaehighly quairfter mssidqgrfalr ititeensisly 1isaketee f oxmdd when t he
signal intensity is read by using 20 a nagnetic head. The intensity
di stri but i oheegaabi mangber easmdriti ar@nt beWsaoh theeaavedenad Iif ¢ld Wil f or
exanpl e. A honogeni zer or condenser lens is used for equalization or a
shadi ng 5 pl ameosr marel i Poits cgded lieg s s e WS fownEle sition 25 of the
intensity distribution of the energy beans therethrough, and to expand it as
the case requir@$. thien afies Pr dxaits i ke i bicakher g9xdEaes 47820 DECEMBER
2005
(157, 193, 248, 308 and 351 nm), a second harmonic wave
(532 nm), a third harmonic wave (355 nm) or a fourth
harmonic wave (266 nm) of Q-switch laser (1,064 nm) of
10 YAG, Ar laser (488 nm, 514 nm) or ruby laser (694 nm) may
be mentioned.
Preferably, the energy beams are previously
subjected to an intensity distribution equalizing
treatment so that the distribution of heat in the
15 irradiated area can be suppressed to be small and the
distribution of the magnetic intensity of a magnetic
pattern can be suppressed to be small. Accordingly, a
magnetic pattern having a highly uniform signal intensity
can be formed when the signal intensity is read by using
20 a magnetic head.
The intensity distribution egualizing treatment may
be such treatment as follows for example. A homogenizer
or condenser lens is used for equalization or a shading
plate or a slit is used to transmit only a small portion
25 of the intensity distribution of the energy beams

therethrough, and to expand it as the case requires.

In the present invention, energy beams are



- 59 preferably irradiated through a mask to heat a | ocal portion. The use
of the mask allows to formon the nedium a nmagnetic pabpaorMBER®SS I ed
shape. Accordingly, a conplicated pattern or a unique pattern which was 5
difficult to formby the conventional techniques can easily be forned. For
exanple, in a phase shift servo systemfor a nmagnetic disk, a magnetic
pattern which extends, froman inner periphery to an outer periphery,
obliquely or 10 linearly to the dianmeterc%r-the tracks, is used. It was
difficult to forma pattern_continuous to the radial_ direction _or a pattern
oblique to t%e#%@%fyd+wé@th@heﬁythfﬁégboﬁv@ﬁﬁkoﬁw heathii deestl A
conplicated cal cul ation or conplicated device was is needed in a nethod for
recordi ng se?¥ot5PPnal’hF orsedth the st owhet @i SRTHas™r bE8t ed. Furt her,
in the technique described in USP 3,869,711, it was possible to forma
magnet i ¢ pat®etHRadi FPRAt1obPRELBTANGFeIRFL HCFeSPERE -t oA GCHF FRBOLYN of
track of a 20 nmagnetic disk. However, this technique could formonly a
pattern havihg F etk sPYnatt FREBNSFt §. URATHSREREETE HRIKha#FShg a high
coercive force of 2,000 to 2,500 Ce or nore, it_is indispensable to use
permal | oy ordaf SuF¢l malghet PE™ nBY eFP8I CABVFRE QR ar §ECHE1EHEH £PEd magnet i ¢

flux density sucf 35 S ndus(_g1 for a ferromagnetic material (for a shielding
material) for*d - PparTern™BF“the master disk in order to assure a 20 DECEMBER

2005 For example, in a phase shift servo system for a
magnetic disk, a magnetic pattern which extends, from an
inner periphery to an outer periphery, obliguely or

10 linearly to the diameter or the tracks, is used. It was
difficult to form a pattern continuous to the radial
direction or a pattern obligue to the radial direction by
the conventional techniques.

A complicated calculation or complicated device was

15 needed in a method for recording servo signals for each
track while the disk was rotated.

Further, in the technigque described in USP 3,869,711,
it was possible to form a magnetic pattern having an
oblique angle with respect to a direction of track of a

20 magnetic disk. However, this technique could form only a
pattern having a weak signal intensity.

In a magnetic disk having a high coercive force of
2,000 to 2,500 Oe or more, it is indispensable to use
permalloy or a soft magnetic material having a large

25 saturated magnetic flux density such as sendust for a
ferromagnetic material (for a shielding material) for a

pattern of the master disk in order to assure a



- 60 sufficient magnetic field intensity for printing. However, in the
case of the oblique pattern, the magnetic field for reyereeMB®RW L4 zati on
was oriented in a direction perpendicular to the gap generated by the 5
ferromagnetic | ayer of the master disk, and it was inpossible to incline

t he magneti zation in a desired direction. As a result, a part of the
magnetic field escaped to the ferromagnetic |ayer and a sufficient magnetic
field 10 could not be applied to a desicfed portion for magnetic printing,
whereby a sufficiently magnetically reversed pattern could not be forned
and it was @UFHiCHETt GaBhtEih Syl SnHeRFHeY af BF gpriREeAgity. I n such
oblique nmagnetic pattern, the output of reproducing signals is 15 reduced
nore than t FOWEMsHut A1 54 GafF < oparie P W E¥F 288" of thi8i Kg9BSpaft ern
per pendi cul ar, to the tracks. According to the present invention, since it

i s unnecessdriyit IS Y HIRE SaTreat ZaettrtYeS (Pete by alsdft magnetic

mat eri al of the mgster disk,_such obliqgue 20 magnetic pattern can be forned
vel | . Furt héir S Fagirdt @ Pt erh e 39 r%%n%%%??g P¥ &h€hort tine by
the irradiation of once tine without requiring_a _ conplicated calculation or
conpl i cabed fGEFHERINST ithe Bidseht THVEMTort He< madkdi §E neSal ways 25

necessary tq cover. the whol e surfa%$ area of, the magnetic_ disk_but may be

of a size hdViRGSF & 6 Wi S a9 mh #- o hathet i 2ePAf€€rn. Such
mask can bed%¥g%é¥%ngo DECEMBER 2005

As a result, a part of the magnetic field escaped to
the ferromagnetic layer and a sufficient magnetic field
10 could not be applied to a desired portion for magnetic
printing, whereby a sufficiently magnetically reversed
pattern could not be formed and it was difficult to
obtain signals having a high intensity. In such obligue
magnetic pattern, the output of reproducing signals is
15 reduced more than the azimuth loss, in comparison with a
case of using a pattern perpendicular to the tracks.
According to the present invention, since it 1is
unnecessary to shield the external magnetic field by a
soft magnetic material of the master disk, such oblique
20 magnetic pattern can be formed well. Further, the
magnetic pattern can be formed easily in a short time by
the irradiation of once time without requiring a
complicated calculation or complicated device.
In the present invention, the mask is not always
25 necessary to cover the whole surface area of the magnetic
disk but may be of a size having a repetition unit for

forming a magnetic pattern. Such mask can be used by



- 61 successively noving it to conplete a desired pattern. Therefore, the
mask can be forned easily and econom cally. The mask QabEeeVEHIRLGNE
capabl e of changing the intensity distribution of energy beans so as to 5
correspond to a nmagnetic pattern to be fornmed so that a gradation
(intensity distribution) of energy beans is forned on the surface of the
magnetic disk. As an exanple, there is a photomask having a transm ssive
portion for transmtting energy beans -ac&dording to a 10 pattern or a

hol ogram mask in which a hologramfor focusing a _specified pattern on the
medi um i s r EEGCESE IVSidhae sheh haske peprist ¢ o? ninglacpl BrAFPEYE -of magnetic
patterns or a pattern having a |large surface area at a tine, the magnetic
pattern for ARy efiae cdhedsisly o 18 pberbededashly aR6r ecoppBicAltifough a
clear sharp pattern can be formed with use of _the hol ogram nask even when
the mask is separ PRSUIFRRI RAt FYCRr ORFt RRPARYPURL CRREIPRSL SEsk i s

advant ageous fromthe viewpqi nt of easiness and cost in manufacturing. 20
Al t hough matlétieasiftor 4t ekt Q0 ot $RPFTRdPFHNEhEC BFeSent invention, the
mask made of a non-magnetic materjal permts the formation of a magnetic
pattern of COFE&SRM (ﬁQn%ﬂﬁﬁﬁP%ﬁﬁFrﬁ%kﬁﬁﬁ%gt%t?%nBOF@%@OEBCFHQt & gnal s
uniformy. 25 e of a mask contajning .a ferromagnetic terial .is not
desirabl e b&& %e Wﬁﬁ%?é?%tlfi%}%t%%@fﬂ%h%ﬁ FRET Y sPEFBEJ LBy

magneti zati %'rmler;'i %npa}:t};[eersnurh?a\{éengog ?ﬁ]é"pn?agzge&'zg%@gﬁ 20?955 an
example, there is a photomask having a transmissive
portion for transmitting energy beams according to a

10 pattern or a hologram mask in which a hologram for
focusing a specified pattern on the medium is recorded.
Since such mask permits forming a plurality of magnetic
patterns or a pattern having a large surface area at a
time, the magnetic pattern forming step can easily be

15 performed in a short time. Although a clear sharp
pattern can be formed with use of the hologram mask even
when the mask is separated sufficiently from the medium,
the photomask is advantageous from the viewpoint of
easiness and cost in manufacturing.

20 Although material for the mask is not limited in the
present invention, the mask made of a non-magnetic
material permits the formation of a magnetic pattern of
clear uniform shape and producing strong reproducing
signals uniformly.

25 Use of a mask containing a ferromagnetic material is
not desirable because the magnetic field distribution is

disturbed by magnetization. In a pattern having a shape



- 62 oblique to a radial direction of a magnetic disk or a shape oblique
to a circular pattern extending in a radial direction2pbregermgpebssc di sk,

it is difficult to obtain signals of high quality fromthe nature of the 5
ferromagnetic material because magnetic domains do not sufficiently oppose
to each other in the magnetic transition area. The mask is di sposed between
the light source for energy beans and the magnetic recordi ng nedium Wen
the 10 accuracy of a nagnetic patternm 2 consi dered dom nantly, it is
preferred to_caontact the entire portion or a portion, of _the mask to the
medi um wher &R 9 Féhe Wlat]héﬁdiefcﬁja%‘%i%% DIMRERBFLF| ghEXcaRh Be nini ni zed
and a nmagnetic pattern having a high resolution can be forned. 15 For
exanpl e, whémaPfe FHEUYS 5 dtedt He PR TR A ReNEtAY | bRafyreétldfe, there
are a portian which contacts the , nedjumand a portion whi ch does  not
contact theSAEEUMCHEE to AUl T Fon of SBvet BF 1Fahtr BSuPPEGLFn the
medi um surface. A pressure of 60 kPa_ or |ess should b O applied to the
mask and thélﬁél@ilt?mosfo%%f@%h&uat]oltcyaufs‘éo% the a%%tlﬂﬁei?rgrégﬁi on or a damage in
t he medi um _The ressure to the mask and the nediumis preferably 9.8 kPa
(100 g/ che) E67 HOEESRAH] QRRET e Y G & T MR TReghet FESpUET eff DPRere i s 25
a nethod for_farm.ng the nmagnetic pattern . by bringing the mask into close
contact witfh elcrjrr;@g)ltd‘rﬁ vﬁ%ﬁj ta%ye%%}é\c%th%/]ﬁ&%b‘g?ﬁeglgﬁgn%}:lé?gy beams are

diffracted lt%%%eslﬁi%% tar}eeaZ.O DECEMBER 2005

The mask is disposed between the light source for
energy beams and the magnetic recording medium. When the
10 accuracy of a magnetic pattern is considered dominantly,
it is preferred to contact the entire portion or a
portion of the mask to the medium whereby influence by
the diffraction of laser light can be minimized and a
magnetic pattern having a high resolution can be formed.
15 For example, when the mask is placed on the medium in a
stationary state, there are a portion which contacts the
medium and a portion which does not contact the medium
due to the undulation of several pm resulted in the
medium surface. A pressure of 60 kPa or less should be
20 applied to the mask and the medium so as not to cause a
trace of impression or a damage in the medium. The
pressure to the mask and the medium is preferably 9.8 kPa
(100 g/cm?) or less.
In order to form a finer magnetic pattern, there is
25 a method for forming the magnetic pattern by bringing the
mask into close contact with the medium without any space

therebetween. Energy beams are diffracted largely as the



- 63 distance of a space through which the energy beans pass 1is narrow
Accordingly, there is a large influence of diffracti onophepmBERi280sdesi red
to forma magnetic pattern having a narrow line width, and the line wdth
is apt to 5 expand. Accordingly, when a nagnetic pattern having a narrow
line width is to be fornmed, it is preferable to bring intentionally the
mask into contact with the nedium in order to mnimze influence by the
diffraction of energy beanms. By such heEgsures, it is possible to wite 10
easily signals having information that the line width of a magnetic pattern
is 0.5 um ordisszncacebrdi sigeted Ehrsugbchinighethpt ensrpusSebmé ©ESssuppr ess
the reduction of energy density due to the diffraction of energy beans
whereby it i poEsidf e PECE FrhYa ndRied i &S pattarse wthleeneaepf ener gy
density. Nanely, in a case of form ng a magnetic pattern by providing a
space bet meéiﬂﬁ%@%@s%na%@elﬁ het nedli 9AF1¥Re tPr fadlaki BAIALEACOP2EREREY beans
on the mediumis wider than the irradiation area of energy beans at the
tinme of 20 tHASHA t3 itRFIPe helR Wuetho #RE FREI LéRGevafithhes &PFf £&ction of
energy beans. However, since the power of energy beans itself is constant
bet ween Bef PR aftEPT AW 1ai £ fFRRT i DAteF e Ener Yyt Hemsia Y1 % *he nedi um
decreases in conse&uence. .On the other hand, .in, a case 5 oglform' ng a

magnet i c patt®rit'by- YT AR the haskei Fl?’émeéoniLFa&f REPReFRE&i SR, the
spread of the jrradiation ajea due fo fhe diffraction of eneroy heams can
in order to minimize influence by the diffraction of
energy beams. By such measures, 1t is possible to write
10 easily signals having information that the line width of
a magnetic pattern is 0.5 um or less.

According to this technique, it is possible to
suppress the reduction of energy density due to the
diffraction of energy beams whereby it is possible to

15 form a magnetic pattern with a lower energy density.
Namely, in a case of forming a magnetic pattern by
providing a space between the mask and the medium, the
irradiation area of energy beams on the medium is wider
than the irradiation area of energy beams at the time of

20 transmitting the mask due to the influence of the
diffraction of energy beams. However, since the power of
energy beams itself is constant between before and after
the diffraction, the energy density on the medium
decreases 1n conseguence. On the other hand, in a case

25 of forming a magnetic pattern by bringing the mask into

contract with the disk, the spread of the irradiation

area due to the diffraction of energy beams can be



- 64 suppressed, and therefore, no reduction of the energy density takes
pl ace. Further, since there is no space between the naskprerdsiReogzedi um

t he occurrence of pul ses (sub-pulses) 5 having an insufficient output of
reproduci ng signal which is caused mainly by the interference of energy
beans, can be suppressed to the mnimum Wen a space is resulted between
the mask and the nedium there is a case of causing interference of energy
beans so that an 10 interference fringeéids -generated on the nedium Since
there are a bright region and a dark region due to the interference of
light in théumm@ETeEaence d ritgieciehe. 2oereivetiorcefofhehenfugietic | ayer
can not sufficiently be decreased in a dark region depending on a degree of
15 i nt er f er ¥5¢e ¥ rfge<®t RIRCHosition formed, whereby a magnetic pattern
of small output of reproducing signal is fornmed so that sub-pul ses may
generate. Gener dY§thehe sUBcpubBescate BYafRAFRIPRIVRSR FAEeMa6K occurrence
of sub-pul ses.  Here, the rate of 20 occurrence of sub-pul ses_is expressed by
the rate of aN6tdiirs SRE B st RASEET ¢FC =0 F TAADDSS TAASBIR L FRASYXI 0O
where TAA represents an average reproducing signal _in the  sane pattern
region, TAAZGYH M rads it e 1RMbe? U gPU T 7 gnafRr AT Y afl BUe putReFfR20% or

nore and TAA50% 25 represents the nupber of signals having an output of 50%
or more of FRACAHREYANUS G he Par B GT GRETRToNch OFer SUbCpANEesPE about
from10 to §§%£J£§¥§¥§’ éé‘éhémﬁﬁﬁﬁ%ég,Dﬁ%E%P%Ré%ﬁ%% is resulted
between the mask and the medium, there is a case of
causing interference of energy beams so that an
10 interference fringe is generated on the medium. Since
there are a bright region and a dark region due to the
interference of light in the interference fringe, the
coercive force of the magnetic layer can not sufficiently
be decreased in a dark region depending on a degree of
15 interference fringe or the position formed, whereby a
magnetic pattern of small'output of reproducing signal is
formed so that sub-pulses may generate.
Generally, the sub-pulses are evaluated with a rate
of occurrence of sub-pulses. Here, the rate of
20 occurrence of sub-pulses is expressed by the rate of
occurrence of sub-pulses (%) = (TARAge—TARAsgs) /TARA5qsX100
where TAA represents an average reproducing signal in the
same pattern region, TAA,¢s represents the number of
signals having an output of 20% or more and TAAggs
25 represents the number of signals having an output of 50%

or more of TAA. The value of the rate of occurrence of

sub-pulses is about from 10 to 15% in average in a medium



- 65 having a good magnetic pattern. It takes a value of 20% or nore in a
case of a magnetic pattern having a large scattering duBECEMBERaDEGE

i nfluence of interference. Wen the | essening of a defect or a damage is 5
considered significantly, it is preferable to forma space between the mask
and the nediumin at |least an area for formng a magnetic pattern in the
medi um The provision of the space can suppress the occurrence of a danage
or a defect in the mediumor the mask W to the 10 invasion of dust or the
i ke. Wen | ubricant layer is forned before the  formation of _.the _nagnetic
pat tern thd Shac 1 ou ArerhEr Y bRRF GERBG bt vBHET h FALRE ARG CHE medt um
SO as to mnimze the contact of the |lu ricangtto tge mask. 15 Further, if
ener gy beans’of "Hi Ghtponer?&re°tr Fadrateat FnP2a 5t dt 8%t'h8F fhe®mdSk is
brought to contact with ,the_ | cant . the.dis t here may cause

C ubri | er on k
expl 0si o GUEE TG T HpY (AT apdr At FBROG! LEREFUBF Cant \BEFSBI ERe | ubri cant
tt t k be d d. 0 W ti tt i f d
T o that MR e e SEp R et B2cHIENGR T EARRE BT S O™

in a state that into Co
magneti c _pattern. e forned in the disk_befo r ion of the
| ubri cant’ Ié%%??léggéﬁi%l%%ggfc%p¥#¥é g%aéﬁe F%%gé g?ntga%%%@ formed with

hi g accur acy, hecause, 25, LRl &L s, N, intL Uencs; sHobaasct he scatpeting of

| ubri cant, e deposition on e mas for keeping thé Space

bet ween the ﬂ@ékfé¥h£§51@fﬁi§899§c pattern in the medium. The

provision of the space can suppress the occurrence of a
damage or a defect in the medium or the mask due to the
10 invasion of dust or the like.
When a lubricant layer 1is formed before the
formation of the magnetic pattern, the space is
preferably be formed between the mask and the medium so
as to minimize the contact of the lubricant to the mask.
15 Further, 1f energy beams of high power are irradiated in
a state that the mask is brought to contact with the
lubricant layer on the disk, there may cause explosion
due to rapid evaporation of the lubricant whereby the
lubricant may scatter or the mask may be damaged.
20 When a magnetic pattern is formed in a state that
the mask is brought into contact with the disk, the
magnetic pattern may be formed in the disk before the
formation of the lubricant layer. In this case, a fine
magnetic pattern can be formed with high accuracy because
25 there 1s no influence such as the scattering of lubricant,
the deposition on the mask.

As a method for keeping the space between the mask



- 66 and the magnetic pattern form ng area of the magnetic recording
medium there is a nethod for keeping the both nenber s pECEMBERd@SEr M ned
di stance. For exanple, a specified tool to keep the mask and the medi um at
a 5 predeterm ned di stance may be used. Further, a spacer my be inserted
between them at a position other than the nagnetic pattern form ng area.
Further, the spacer may be fornmed integrally with the mask. \Wen a spacer
is provided between the mask and the -1@émagnetic recordi ng nmediumin an
outer peripheral portion and/or an inner, peripheral portion of the magnetic
pattern forﬁFﬁbtéﬁégﬁﬁn%qﬁFrﬁﬁﬁiﬁﬁni?OE%hn%o?¥%%tthgheuﬁéﬁpéﬁﬂén of the
surface of the magnetic recording nedium whereby accuragy in formng a
magnet i ¢ paﬁﬁSQ¥éi%9 et | N TR et WRACRORabREt KESPalFe RS $AE be
formed by bringing intentionally the mask into contact with the nagnetic
recor di ng r’r&ﬁr‘g%‘ﬁrbi/ appt IR HEYR Ve T BRREFe BB He ndsk and t he

rovi.de at | east one

mgnet ¢ recordiing TP 11 5 20 prelorable; o prayige al | cast on
or 1 on 8 PRERRFTISS (H THLIC PB i T8 UTRE. erl{ B VAT of% arv>¢RF ough the
negat | ve . prESsiFe AT T Ik G (Po foGRet T EoRoBEPArNG < Aediifin has
been st Oppegnag%ecriecb¥a{ttteirsn ptoosrsrﬁjl_)rgge attroeaz.o %%%IYIBQEIF\: 219’10e5 spacer may

be formed integrally with the mask.

When a spacer 1s provided between the mask and the

10 magnetic recording medium in an outer peripheral portion
and/or an inner peripheral portion of the magnetic
pattern forming area of the medium, it can correct the
undulation of the surface of the magnetic recording
medium whereby accuracy in forming a magnetic pattern can

15 be increased.

When a magnetic pattern is to be formed by bringing
intentionally the mask into contact with the magnetic
recording medium by applying a negative pressure between
the mask and the magnetic recording medium, 1t 1is

20 preferable to provide at least one boss-like spacer in an
outer circumferential portion of the magnetic recording
medium. The provision of such spacer in a
circumferential portion of the medium or the mask permits
the entering of air through the space provided by the

25 boss-like spacer after the application of a negative

pressure between the mask and the magnetic recording

medium has been stopped, whereby it is possible to



- 67 separate easily the mask fromthe magnetic recording nmedium It is
further preferable to conduct an etching treatnent to20aPECHMBER 2005
circunferential portion of the mask 5 to formfine grooves through which
air enters. The provision of the boss-like spacer may | ose cl ose

cont act ness between the mask and the magnetic recording nedium because a
space is resulted around the boss-like spacer. On the other hand, when the
fine grooves are 10 formed in the mask pt¥self, no space is fornmed in other
than the grooves, and therefore, the close contactness between the nmask and
the magneti ESPEEBIEGI RGSedi dmsc it e [HWpridtRediaditet i dover ddyJbe formed in
a light shielding portion other than the light transmtting portion as far
15 as the gP66¥&¥-do not influence the magnetic pattern formed by

irradi ati ng energy .be . .The phot omgsk may be mask provided with a
transni ssi ve poﬁ%i&ﬁ ﬁ&ﬂ%ﬁ(ﬁ%?éﬁ%gg}%o gt?%ﬁé&ﬁ%s?@eetﬁgi?gon or portions
by which a desired magnetic pattern 20 is fornmed. Such, mask_can be formed by
Sputtering MEEEFTCBUCH a€ "GP oS a1 E P 11 hipar K9t O | giniaFplat o
such as quartz _gl ass, soda |linme glass qr the |like, coating hot or esi st

t her eon and "8t é%FWg%ﬁﬁlg FHSC reéc’s;JC r,ouq(%hé“fhelb £ 17 UL ngdpet ransni ssi ve
portion(s) and a 25 nan- ran nisgjoq 0rti0Q§§Q can be formed. In this case,
the porti on?gfvﬁﬁ\}loﬁlg Ora% 9 afé:’rS olnl ﬁ[")lésPace i Aty E]ro

nes) _ orig ate © %?‘?espond to the
non-transm 581 Ve RAELLORCR L €9 Wat0 LPRPRVBERZQ05 i ¢ recording

medium because a space is resulted around the boss-like
spacer. On the other hand, when the fine grooves are

10 formed in the mask itself, no space is formed in other
than the grooves, and therefore, the close contactness
between the mask and the magnetic recording medium can be
improved. The grooves may be formed in a light shielding
portion other than the light transmitting portion as far

15 as the grooves do not influence the magnetic pattern
formed by irradiating energy beams.

The photomask may be a mask provided with a
transmissive portion or portions and a non-transmissive
portion or portions by which a desired magnetic pattern

20 is formed. Such mask can be formed by sputtering metal
such as Cr or the like on a transparent original plate
such as quartz glass, soda lime glass or the like,
coating a photoresist thereon and etching the photoresist,
whereby a predetermined transmissive portion(s) and a

25 non-transmission portion(s) can be formed. In this case,
the portion(s) having a Cr layer on the original plate

correspond to the non-transmissive portion(s) of energy



- 68 beans, and portion(s) without the [ayer correspond to the

transm ssive portion(s). The nmask thus prepared has gepepECEMBBR 2003€VeEN
surface wherein projecting portions do not transmt 5 energy beans. The
projecting portions are brought closer to or substantially contact with the
medium O, material for transmtting energy beans may be enbedded in
recesses portions after the formation of the nask so that the surface area
in slight contact with the nediumis tO68ade flat. Further, after the
transparent original plate  itself has been etched, netal such as C or the
like is enbedded iaﬁﬂf RO T HeF pdrit it sot 2R 13y RakecTreseaBedded thforti on
to be the non-transm ssive portion. Material for the spacer should be hard.
Further, it CrP8sSPdSsiefePaditetdThit) t he material for the spacer is not
magneti zed because the external magnetic field is_used for formng the
pattern. Metal Siith BESKtEhT dRECRIERE P23 oPBREYBE L ¥NABNTBRYSBr resin such
as polyimde is preferahle. The height of the spacer is generally in a 20
range of sePEFARCETMRGISeverd CIRAtdrElP Pt BPERhough? Pt FE3R8PtFonal . As
descri bed before, Lr]rr%%ﬁ?hot ogask is provided with the ransng’hssii/e
portion(3) &RF tHe Sr anSm §SPVEC Pt PGBy Fot Mt He ctoser
non-transm ssive | a er. tc&.t 25 ener beggs on th(g.trans arent substrate.
Al t hough t h&® Crafspar trca?ré?é%//"ffe Ny s FArYEs it-can transmit

SUffiCientl¥@%%%E%ﬁ @%@“%réﬁsﬂf%é?ﬁg‘%§¥4§§t5%§§sQ%Q?MQEFE%Qgéded in
recesses portions after the formation of the mask so that
the surface area in slight contact with the medium is

10 made flat. Further, after the transparent original plate
itself has been etched, metal such as Cr or the like is
embedded in the etched portion so as to make the embedded
portion to be the non-transmissive portion.

Material for the spacer should be hard. Further, it

15 1s preferable that the material for the spacer is not
magnetized because the external magnetic field is used
for forming the pattern. Metal such as stainless steel,
copper or chromium, or resin such as polyimide is
preferable. The height of the spacer is generally in a

20 range of several um to several hundreds pm although it is
optional.

As described before, the photomask is provided with
the transmissive portion(s) and the non-transmissive
portion(s) by forming the non-transmissive layer to the

25 energy beams on the transparent substrate. Although the

transparent substrate may be any as far as it can

transmit sufficiently energy beams, it i1s preferable to



- 69 wuse a material containing quartz as the main conponent for the
substrate. The quartz is relatively expensive. Howevee)DECEMBERDOGGh | i ght
transmtting properties to energy beans of ultraviolet region. Accordingly,
there 5 is an advantage that energy beans of short wavel ength such as 300
nmor | ess which allow easily fine processing, can be used. In a case that
energy beans having a | onger wavelength is used, optical glass is better in
cost. The thickness of the transparent- Si$bstrate is not in 10 particular
limted, however, a thickness of fromabout 1 to 10 mmis generally
pref erabl e iYFDraletatr bbt of P FR BE Heg sTLAL Bz skabreenBaRBr CRINPRBEN Ccausi ng
flexure in the substrate. Further, it is preferable that the
non-t r ansni thdhgrha sykaglerabt - t Wbkl S il Y91y 5Epent i@ ehr oni um
| ayer and a chromumoxide layer. |t is preferred to prepare the photomask
with a non- tHusMssi Ve tayeriey Liohki RepRSBhEBRRGnPrapeFtaRd &°chr omi um
oxi de |l ayer on a uartz glass substrate. Nanely, since the reflectivity 20
of quartz glrEOMRIFTUtThgtt FerYah3Fi 5% vl pord§ RF 459 Bhoutns9s and on
the other hand, the reflectivity of chromumis very high, it is preferable
to cover 3t hetS &t fAbeBfadhet kAt oFTRTY dye?™Ri ¢h ahetheVaVsayerIRivi ng a | ow
reflectivity. For e le, the front surface of the Zg.non-transnissive
portion is GG with Thr o HiFoXVRL R hali Al G2Fat¥elifci Py OGF aboR 16%
Energy beans refl ected. at _the nediqusq;face caq)be revent ed f{on120
DECENBER 206§u1ke used. In a case that energy beams having a longer
wavelength is used, optical glass is better in cost.
The thickness of the transparent substrate is not in
10 particular limited, however, a thickness of from about 1
to 10 mm is generally preferable in order to obtain
flatness in a stable manner without causing flexure in
the substrate.
Further, it is preferable that the non-transmitting
15 layer of the photomask is a multi-layer of a chromium
layer and a chromium oxide layer. It is preferred to
prepare the photomask with a non-transmissive layer by
forming a chromium layer and a chromium oxide layer on a
quartz glass substrate. Namely, since the reflectivity
20 of quartz glass constituting the transmissive portion is
about 5%, and on the other hand, the reflectivity of
chromium is very high, it is preferable toc cover the
surface of the chromium layer with another layer having a
low reflectivity. For example, the front surface of the
25 non-transmissive portion is covered with chromium oxide

having a reflectivity of about 16%. Energy beams

reflected at the medium surface can be prevented from



- 70 returning to the nediumafter the energy beans have been again
reflected at the mask surface. Use of the chrom um oXxiRUDECRYBBERI2805
preferabl e because it has a low reflectivity and it can be formed nerely by
oxidizing 5 chromum Further, it has excellent contact properties to the
chromum |l ayer. As an exanple of the nethod for producing the photomask, a
chromumlayer is first formed on a substrate such as quartz usable for the
mask, and a 10 chromi um oxide layer is fdtmed thereon. As the nethod for
formng the chromum /|l ayer, there are_a sputterin t hod, . a_vapor

deposi {1 on et HOTL 40 chat G HEthBY GAHSTobr6n " TREYS BIELS: PRY mBLIdY i s
preferable fromthe ie in f capability of farmng.a co ct _layer. The
15 sane tecﬁ%ﬁﬁﬂ% %%%f%%t @e EfgFef%Eﬁgnaufﬁgcghr3%%%n$%x?%%ngﬁg9@%P%A | ayer
form ng ”Eth99~ gi oxygen Lo%eox%ggzgngauchrggiHngig Rgeferably used.

Then, a photor%sis 5" coatBd on’ the ntil |-F§ye of © &nhrofi um and chromi um
oxi de by a spip goating ol the ! Lke ;20 andl [t i s expased to fhe
phot or esi st ‘accor di ng a pre%e?ernlne pa?gern. Aytey he expo§Ure,

oLt o0 S, SPRgHeleT Lousimve L, chvopum and Lhe oE apLum exi de
according to he pattern toe?orn1%he non-transm ssive er- us, the

phot onask is_0btainabl e, .25 IQ§ | ayer thickness of each layer of the non-
transm ssive [ayer conprising he mul ti-layer of chromium and chrom um

oxide can be suchsong capaBhe gk eRLahRinga2@ PECEMRER 12002 he

photomask, a chromium layer is first formed on a
substrate such as guartz usable for the mask, and a

10 chromium oxide layer is formed thereon. As the method
for forming the chromium layer, there are a sputtering
method, a vapor deposition method, a coating method and
so on. The sputtering method is preferable from the
viewpoint of capability of forming a compact layer. The

15 same technique can be used for forming the chromium oxide
layer. A layer forming method using oxygen for oxidizing
chromium is preferably used.

Then, a photoresist is coated on the multi-layer of

chromium and chromium Qxide by a spin coating or the like,

20 and light is exposed to the photoresist according to a
predetermined pattern. After the exposure, etching is
conducted to remove the chromium and the chromium oxide
according to the pattern to form the non-transmissive
layer. Thus, the photomask is obtainable.

25 The layer thickness of each layer of the non-
transmissive layer comprising the multi-layer of chromium

and chromium oxide can be such one capable of obtaining



- 71 sufficient non-transm ssive properties (light shielding properties of

energy beans), a predeternmined reflectivity and durabiébdEgemseERhesener gy

beans. Although the thickness varies depending on the conpactness of the 5

| ayer, i.e., a layer formng nethod, it is generally preferable to have a

t hi ckness of 40 nmor nore. The thicker, the nore preferable when the

durability to energy beans is considered significantly. For exanple, the

thi ckness is preferably 160 nmor nore; hore 10 preferably, 200 nmor nore.

However, if the thjckness is too,large, the |ayer f rnln éﬁ hecones

| onger.  AccBtdf gt 57 & T tkAres! FIBSOPHHPSFtFEES §gﬁFeF 10%\hen t he

chrom um | ayer and the chrom um oxi de a er to be oVvi it is

preferabl e t%‘?p?lﬁ%l?%y% tThTERYe Ea”fg of at HEeSﬁFSW&Fhe%a§§rf e§t’20(1tté’ 200 nm

and the | ayer 5 of the chrom um o0 200 nm In

t he photonas‘?“%‘%l h%% ??a5§ﬁ1§§?5%yI§§@PS ﬁ%fE%ﬂug ah %ﬁlssive | ayer

provi des pro ecthg ortions. . The g otonagg enerallg dIS sed so that

t he surface B hi T TR ﬂ%ﬂe?? HEnPEsive F8 BRCELSFGr ces a

magneti c d| .. Material for trans ttlng g é %ﬁ nbedded in
Ia e?ssge

recesses “portioms betweert t%%y%Bn- tFahem" Hb surface of

t he photonask %s fgf% g5hV%en athlugrlne t¥pgolugr|cant i S u§$d as the

| ubricant fdr % éﬁ%agne iC recordlng “Headram it s prerrabIe 5 use

materi al Coqhgfg%gp,SﬁﬂéQQgrgsp£Q§eP§bTeZghQECENQEgu%g%§11ty to

energy beams is considered significantly. For example,
the thickness is preferably 160 nm or more, more
10 preferably, 200 nm or more. However, if the thickness is
too large, the layer forming time becomes longer.
Accordingly, a thickness of 500 nm or less is preferred.
When the chromium layer and the chromium oxide layer are
to be provided, it 1s preferable that the layer thickness
15 of the chromium layer is 20 to 200 nm and the layer
thickness of the chromium oxide layer is 20 to 200 nm.
In the photomask with the non-transmissive layer,
the non-transmissive layer provides projecting portions.
The photomask is generally disposed so that the surface
20 on which the non-transmissive layer is formed faces a
magnetic disk. Material for transmitting energy beams
may be embedded in recesses portions between the non-
transmissive layer so that the surface of the photomask
is flat.
25 When a fluorine type lubricant is used as the
lubricant for the magnetic recording medium, it 1s

preferable to use material containing silicon as the main



- 72 - conponent, as the non-transm ssive |layer. Use of the fluorine type

| ubricant may cause the deconposition of |ubricant by 2t becembasizaés on of
energy beans and generate hydrofluoric acid. Since the 5 hydrofluoric acid
has a corrosive effect, the non- transm ssive |ayer of the photonmask may be
corroded. However, since silicon is very chemcally stable and has
durability to hydrofluoric acid, corrosion by the hydrofluoric acid can be
prevented. Further, since 10 silicon haSZ2excellent contacting properties to
gl ass used for the substrate of mask, there seldom occurs peeling. The

parti cul ar| FOPREFEEhl & Srdt'et iTi™ 1 S AT OfeV e or® B¢ hi ng silicon in an amount
of 90 atom c% or_nore However , . anot her flenent naé be contained for
another 15 pur pbie SucH @st Hkd He crYRE af YPZAEFBR LA¥I FAUAS RE anot her
el emrent, at | east onﬁfselegggy fron1t@ rg%g .congis%in of hxdro en,
oxygen, nit GGERPOELENE A TRTICHRL , APHATRELRE, Ot fgIYSe Hf
Zr, V, Nb, Eu, W %ﬂ, Re, Fe, Cgi %gE lr, Zn,.%ﬁ, &, In, Ge, Te, Pb, Po,
20 Sn, Bi ah§BSmEYhE RS Onel I L HSEPI & 1 her? YHE  TEh- t r ansni ssi ve
| ayer is_fo d a _sputter] met hod sputtering gas, such as Ar may be
en rai nel | FVEHE Mapar 1A Qe v TR Vet TERE T O SR EE R ar r0si on by
hydr of | uori ¢ a%isgn,i rlqotg,lee lmeteal S ctr}}eas hpétonﬁa‘éjskRnr? or théa l25dleidke, or
oxygen, hydr56en 0 ﬁitroﬁ@ﬁlis pre ert &d- 48 4h e?%h%%t b Beadded. A
single kind re Eg t 1 kinds: of these el ement an,_be used, _The
content is %%Bg%éNB q%ﬁbgg'l sV ﬁF §$l@§ § §edpre 48 al
durability to hydrofluoric acid, corrosion by the
hydrofluoric acid can be prevented. Further, since

10 silicon has excellent contacting properties to glass used
for the substrate of mask, there seldom occurs peeling.

The particularly preferable material is such one
containing silicon in an amount of 90 atomic% or more.
However, another element may be contained for another

15 purpose such as making crystallization small. As the
another element, at least one selected from the group
consisting of hydrogen, oxygen, nitrogen, Cr, Mo, Al, Pt,

Au, Ag, Cu, PD, Ti, Ni, Ta, Mg, Se Hf, Zr, V, Nb, Ru, W,
Mn, Re, Fe, Co, Rh, Ir, Zn, Cd, Ga, In, Ge, Te, Pb, Po,

20 Sn, Bi and B may be mentioned, for example. When the
non-transmissive layer is formed by a sputtering method,
sputtering gas such as Ar may be entrained in the layer.

In order to prevent effectively the corrosion by
hydrofluoric acid, noble metal such as Pt, Au, Rh or the

25 like, or oxygen, hydrogen or nitrogen is preferred as an

element to be added. A single kind or more than two

kinds of these elements can be used. The content 1is



- 73 - preferably 10 atomc%or |less. The nmethod for formng the
non-transm ssive layer is not in particular |limted bed pECEPEBRRdOISOr
formng by sputtering, electron beam deposition, thernmal deposition, 5 CVD
or the like can be used. In particular, the sputtering nethod is preferable
fromthe viewpoints of providing a dense |ayer, anti-peeling properties to
thermal shock and qui ckness of formng the |ayer. The non-transm ssive | ayer
may be a nultiple layer 10 of doubl e-l dgers or nore as the case requires.
O another |ayer may be fornmed on the non-transm ssive |layer. For exanple,
a | ayer conpsségrePlohrdmahfiiGdeeeyede: formed in order to reduce the
reflectivity at the surface of the non-transm ssive |ayer. 15 The thickness
of the non-trandfisHIAIRYVERT cERFBET st Bk~ EapABIESSE VEbLaYRitng S
sufficient non-transmtting properties (light shielding effect of energy
beans), a PpPédéfePRifted e ity Ritd 3 HeethPAbfPT t JO¥BIRHePYy beans.
Al t hough the thickness varies depending on the 20 conpact ness of the |ayer,
i.e., a |ay8PUESPRIRG metiredrop }%erﬂr%ﬁgﬁé%gb‘?l%ﬂ@' NP SFMFor eSPSSyEnLFal | y
preferable. In con idg;,l tion of the %rability t.0o energy beans to be
si gni fi cant “VE CRi &kife B HF H5Gr e IBE © radii 70 nmor nore
is preferred in order to 25 jncrease the thermal capacity. However, the
t hi ckness isc’pUtt&'?rlléltgg@“,etﬁlt?éi t%%r%ﬁﬁ%%@?%%/ O%n@?éy"b‘%‘ﬁﬂ%“ﬂ%ﬁr@éses and
the tinme for for.gi.n th%la er isrprol onged. go DECEMBER 2005
provi 1n% a dense layer, antI-peeling propertles to
thermal shock and quickness of forming the layer.
The non-~-transmissive layer may be a multiple layer
10 of double layers or more as the case requires. Or
another layer may be formed on the non-transmissive layer.
For example, a layer composed of chromium oxide may be
formed in order to reduce the reflectivity at the surface
of the non-transmissive layer.
15 The thickness of the non-transmissive layer can be
such one capable of obtaining sufficient non-transmitting
properties (light shielding effect of energy beams), a
predetermined reflectivity and the durability to energy
beams. Although the thickness varies depending on the
20 compactness of the layer, i.e., a layer forming method, a
thickness of 30 nm or more is generally preferable. 1In
consideration of the durability to energy beams to be
significant, a thickness of 50 nm or more, more
preferably, 70 nm or more is preferred in order to
25 increase the thermal capacity. However, the thickness 1is

too large, the transmissivity of energy beams decreases

and the time for forming the layer is prolonged.



- 74 Accordingly, it is preferable to be 500 nmor |less, nore preferably,
400 nmor less, especially preferably, 300 nm or |ess20bRCEMBERRG®EENt
invention, it is preferable to forma 5 dielectric layer which is
transparent to energy beans, as the outernost |ayer (at a side opp05|ng t he
medi un) of the non-t ransni ssi ve portion. A purpose of providing the
dielectric layer is to reduce the reflectivity of the shading portion at
the mediumside. If the reflectivity 107 this surface is high, light

reflectedfromthe nedium is directe ain to medi um wher eby
termerat ur e CTHE o1 o RS CRS IR poF PBnL6FSt hECRS um

whi ch can not fo ecordin wll incre nal s for
ornti g ar P AR, 12D A b T ectPPECIaper BoBUSFAPERe. JPOSBHL
invention, silicon oxide, alum num oxide, titanium oxide or the | i ke may be
ment i oned. FOWeNVETS - silicon oxide is preferred fromthe viempoints of

durability to h fl d.and t act t t

Subetrate A si|Fbor o HesFal ﬁ%%ﬁé’é‘aﬁcbb JUPPBEFRGTIE TR DA Pel ar
dense, and i as excellent d |ty dro luoric acid. in conparlson
with quaPtzcgl o t %yegu%%%rate |ch f%né Phesafe Eeﬁﬁ

pocor dingl y.id 28 enpretergblethal g sl! Logn. oxidenlayen: s grred by

sputterl ng on ransm SSI ron 1n t sane” nmanner 1 ng

portion. Wth,d *Ho%—é&?n&%?féé’?v&”péf@iéﬁ ange 20 ECENRER 20084 ng the

dielectric layer is to reduce the reflectivity of the
shading portion at the medium side. If the reflectivity

10 of this surface is high, light reflected from the medium
is directed again to the medium whereby temperature at
the portion just below the shading portion of the medium,
which can not be used for recording, will increase, and
signals for printing are disturbed.

15 As the dielectric layer used in the present
invention, silicon oxide, aluminum oxide, titanium oxide
or the like may be mentioned. However, silicon oxide is
preferred from the viewpoints of durability to
hydrofluoric acid and contacting properties to the glass

20 substrate.

A silicon oxide layer produced by sputtering is in
particular dense, and it has excellent durability to
hydrofluoric acid in comparison with quartz glass for the
substrate which belongs the same kind. Accordingly, it

25 1is preferable that a silicon oxide layer is formed by
sputtering on the transmissive portion in the same manner

as shading portion. With this, the corrosion resistance



- 75 - of quartz glass can be inproved. In a case of formng the dielectric
| ayer on only the non-transm ssive portion, it is pos3ybrerMBERYOHE t he
dielectric layer and a silicon-containing |layer for lLight 5 shading
successively at the initial state of layer formng step to the substrate. In
a case of providing the dielectric material on both the non-transm ssive
portion and the transm ssive portion, a technique of sputtering silicon
oxide on the entire surface followed X0 My preparing a pattern of

transm ssive portion and non- transm ssive _portion, can be used. In
preparing t et rt2Fayeft 8y &8RFPVEY - sputtering of oxygen, nitrogen
or the like should be done _by using a netal&ic target, whereby the |ayer
quality can 1s belwe E%ﬁ?rBFIgarﬁﬁnngB§tﬁﬁ§ ERETPAT RAFpPEs S} of
reactive gas .and a layer-fornmn ower. Accordingly, .use of the reactive
Sputtering | prafer YRR ThL BT BT boT CoBRal htaiSUPPFELEREI §Ot FRREpSTEnt

| ayer, or froma viewpint of | ayer-form ng speed. The thickness_ of the
20 di el oct rICTEGRTT 1S BRETEr aBiy? 20° hiror- HEREa R f PheoVER CRAGSS S { 00

| arge, the layer-formng tine is [on and.there |s _an agptical influence.
Theref or 6. (HACTTE RIS TSV B-or BT aBRS 300°HAToF -RE8S CHOREIEr . 1t |5
unnecessary to formthe djel ctricb g ayer_as_the outPrnDst+%§ gr in an

5
area ot her tHATKe SHrRa"Rof ees?)%n |Jﬁa£?o tHe arracgaﬁse?i% p%)f?\é rmng area
even though it faces the; magueLlc,{egordipg PEA YBY, 0, REGEVBER 2005

portion and the transmissive portion, a technique of
sputtering silicon oxide on the entire surface followed

10 by preparing a pattern of transmissive portion and non-
transmissive portion, can be used.

In preparing the dielectric layer, a reactive
sputtering of oxygen, nitrogen or the like should be done
by using a metallic target, whereby the layer quality can

15 be we controlled by adjusting the partial pressure of
reactive gas and a layer-forming power. Accordingly, use
of the reactive sputtering is preferred in order to
obtain a sufficiently transparent layer, or from a
viewpoint of a layer-forming speed. The thickness of the

20 dielectric layer is preferably 20 nm or more. If the
thickness is too large, the layer-forming time is long
and there 1s an optical influence. Therefore, the
thickness is preferably 300 nm or less.

However, it is unnecessary to form the dielectric

25 layer as the outermost layer in an area other than the
area corresponding to the magnetic pattern forming area

even though it faces the magnetic recording medium.



- 76 The mask as expl ai ned above, can preferably be applied not only to
the magnetic pattern form ng nmethod but also to the faopeECEMBER2005 pattern
for an optical recording nedium .or a nask generally used for |aser s
processing in sem conductor or liquid crystal manufacturing technique. In
particular, it is suitable for the case of |aser-processing to an object
whi ch may generate hydrofluoric acid. There is a case that a nmagnetic
recordi ng medi um has 10 both mai n surfd&®es on which nagnetic |ayers are
formed. In this case, the formation of a magnetic pattern according to the
present inventi oAlfepade zondhetednedr abesgh Sarf Reeisyedeysfely or for
both surfaces sinultaneously by arrangi ng nmasks, energy irradiation 15
systens and aRianseq oro apPLiy nee arexteyral 1 relghet PERf feFB1ingt "B6HRsi des of
the nmedium In a case that two or nore magnetic layers are forned on a
surface and StHerp e ht i Frerkrimpateeratis PoLtBENf 6PHedni APEAER Imagneti ¢

| ayer, irradi ated_energy_ beans 20 should be focused to each |ayer to heat
separat el y WRISHATHIISA A Patd eFdsk caprpedt oY néded| AoFolAPRE a nagnetic
pattern, it is preferable to forma structure for preventing re-irradiation
of energy BIRRCHIIRE sPosiHy ORBAAF MY DY at 2IeaPabF8SbR bl ocki ng 25

sel ectively energy beans in agn area where irradiation is,  undesirable,

bet ween theWﬂﬂﬂ%%FQ%ﬁﬂﬁ%xﬁﬁékp%ﬁﬁﬁth§Qn¥ﬂ€tlQHl%EKWHéﬁﬁfﬁ¥%ﬁ@%1%nd t he

medi um 20 %EgEt:ﬁﬁcggggtaf laser-processing to an object which may

generate hydrofluoric acid.
There 1s a case that a magnetic recording medium has
10 both main surfaces on which magnetic layers are formed.
In this case, the formation of a magnetic pattern
according to the present invention may be conducted for
each surface successively or for both surfaces
simultaneously by arranging masks, energy irradiation
15 systems and means for applying an external magnetic field
at both sides of the medium.

In a case that two or more magnetic layers are
formed on a surface and when each different pattern is to
be formed in each magnetic layer, irradiated energy beams

20 should be focused to each layver to heat separately
whereby individual patterns can be formed.

In forming a magnetic pattern, it is preferable to
form a structure for preventing re-irradiation of energy
beams by disposing a shading plate capable of blocking

25 selectively energy beams in an area where irradiation is
undesirable, between the energy beam source and the mask,

or between the mask and the medium.



- 77 As the shading plate, such one capable of blocking a specified

wavel engt h of usabl e energy beans, or reflecting or absprbEm@eRhReosener gy
beans, is preferably used. However, there is a material which generates
heat 5 by the absorption of energy beanms whereby a magnetic pattern is

i nfluenced. Accordingly, a material having good thermal conductivity and
high reflectivity such as C, Al or Fe is preferred for the shading plate.
Further, a reduction projection technotogy is 10 preferably used for the
optical system An image is. focused on the medi um surface reduci ng

pat t er ned energ@SbE%ﬁESH%@Fﬁg Phetent SHSHt YI¢ SRS G @i%q 'eSpdmiing to
a magnetic pattern to be formed. According to this technique, the accuracy
of the nagnéﬁ?%?H@??@uW%ﬁ?ﬁe%ﬁFEhoéebéﬁ@%eoﬁnﬁﬁéya@€émaeyOGT patterning or
alignment of the mask, is not restricted in conparison, with a case that
energy beans & ke Wil t PP BFOERAI NSbFBEL ?v@r% S&RE - tﬁénpr@é@rﬁﬁldmed

beans are passe throu h the nask, i.e e of proximt Rosure of 20
l'i ght. Accor%ﬁ’ iy, Oéivef 1Ster t(riﬁfg‘r?etlr% %e{?"t“é%l% W%C f SFHBY2WEh NGEbd
accuracy. s there is lit E&ssbblllt gglng |nfluenced by dust
because Phe |%P%ﬁ%§?l??o tﬁ%e di ﬁ?mﬁb Fﬁﬁ Fod Wﬁ%Q§9¥%hn|que may

be referred to as a reduc% P jection tech oIo % |ga optlcal
system . Wméhatt%eer%nje?gjgpje S L LS TR Re |7 gt CSbaf beh o4t Bopassed
through thegﬂ§§§ tﬁé?ﬁéftggg u¥t9b§£§lggél g%o D%EE 1v1%00%uch as
Cr, Al or Fe is preferred for the shading plate.
Further, a reduction projection technology is
10 preferably used for the optical system. An image is
focused on the medium surface by reducing patterned
energy beams having the intensity distribution
corresponding to a magnetic pattern to be formed.
According to this technique, the accuracy of the magnetic
15 pattern, which depends on the accuracy of patterning or
alignment of the mask, is not restricted in comparison
with a case that energy beams are throttled by an
objective lens and then, the throttled beams are passed
through the mask, i.e., a case of proximity exposure of
20 light. Accordingly, a finer magnetic pattern can be
formed with good accuracy. Further, there is little
possibility of being influenced by dust because the mask
is apart from the medium. Hereinbelow, this technique
may be referred to as a reduction projection technology
25 (an i1maging optical system).
When the energy beams emitted from the light source

are passed through the mask, the intensity distribution



- 78 of the energy beans is changed and a reduced image is fornmed on the
medi um surface through an i nmagi ng neans such as an | "TegBECEMBER 2B | nage

|l ens may be referred to as a projection lens, and the reduced i nage may be
5 referred to as a reduced projection. Next, the structure of the magnetic
recording nmedium suitable for the present invention will be described. The
substrate for the magnetic recordi ng nmedi um of the present invention should
not cause vibrations even 10 when the rmEédi-umis rotated at a hi gh speed
during recording or reproducing at a high speed, and therefore, a hard
substrate i Lusdf I5°UsSd. b%m%ra%rclﬂén%@a@ﬁdaa safrrefeAlagigiidity to

vi brations, the thickness of _the substrate is preferably 0.3 nmor nore.
However, a IHMEKSR §®%§@?%&%ml%uEBﬁF?aF?rPng ﬁ@nﬁﬁagéﬂgr@&€€ﬁng t he

thlckness of nagnetlc recordi ng deV|ces Accordi ngly, mmor less is
pref erabl e. S S&ri elMaFF A CRFt oy R ST at Eeroitay r??%gr%feéée@héorral n
conponent, such as an Al -M. all oy substrate a My, alloy substrate

cont ai ni ng Wﬁ;be%Pl?ﬁFh%ﬁnl%%ﬁpoﬁ%ﬂtt %uﬁﬁdégeﬁ WMyegR BRFoySsubstrate, a
substrate co sed of material such_as usual ,soda glass, alumnosilicate

gl ass, nén- GFHATT e fFRs3, TS W?%%nproﬁ??EﬁPﬂnl ceram cs or varlous klnds
of resin or a substrate pre d by co |n|n ch mat eri.al s,
brererFEdoto Frati

used. In particdlaft- |Yh?ss Felred® §em? FCaFF8$rd§6%% ,
:?PZ;B?L? nade oﬁ%g% gégg%g Etalllngagg%§§§ £EOHEEQ%1 % Wpoi nt of

The substrate for the magnetic recording medium of

the present invention should not cause vibrations even

10 when the medium is rotated at a high speed during
recording or reproducing at a high speed, and therefore,
a hard substrate i1s usually used. In order to obtain a
sufficient rigidity to vibrations, the thickness of the
substrate is preferably 0.3 mm or more. However, a

15 thicker substrate is contrary to a demand of reducing the
thickness of magnetic recording devices. Accordingly, 3
mm or less is preferable. For example, an Al alloy
substrate containing A1 as the main component, such as an
Al-Mg alloy substrate, a Mg alloy substrate containing Mg

20 as the main component, such as a Mg-Zn alloy substrate, a
substrate composed of material such as usual soda glass,
aluminosilicate glass, non-crystalline glass, silicon,
titanium, ceramics or various kinds of resin or a
substrate prepared by combining such materials, may be

25 used. In particular, it is preferred to use the Al alloy
substrate, a substrate made of glass such as crystallized

glass from the viewpoint of strength, or a substrate made



- 79 of resin fromthe viewdoint of cost. Wen a substrate nmade of gl ass
is used, the expansion of a heated area due to the irngdrakMBrrSho£ner gy
beans can be suppressed because glass has a smaller thermal conductance,
whereby 5 a finer magnetic pattern can be formed. Further, when a substrate
havi ng a high hardness is wused, the occurrence of a defect, e.g., a flaw or
a recess, in the magnetic recording nmedi um can be suppressed even when
dust or the like deposits between 10 thé%msk and the medi um Accordingly,

when a magnetijc attern is to be forned Ln a state that the nask i

D egnt TSt G B Sre it e raborar by it S TEetT erred to
Ci ) di o sub (e havi hi ah

har dnese . 1515 O GRS | Tt Bon Broy FHen e Pinar kbl 8- BEFoaE Sanie

applied to éx?gunnha%%ﬁ a hard substrate conventi on magneti c

. In the
printing net T he" e WAV g S Far - SlBst At B°hSHPBFSBEETs that t he
contact of the nediqp1to a naster ig# @ggr%nfuffigient to ca%§%e%)flam/20

b el a C dtranc W
or a defect, %ﬁa%§%3QKﬁﬁﬁku%Fcﬁ ?Wln ed nagnetic domarns™ rs dnci'éar and

PW50 may exgg@%né%1$§1 égfgr Q@@ant@%n Qée?g?%eénvention does not create
such proBIen1because e na i S hot ~brough O press-contact with the

medium Lin partglar, theohresent lovent hop.by of hogkl vebyyused 25 for a

medium wi th gl ass substrate cracks are”apt cause

menuf act ur i ng, & ens,d Al ARINSLEL §ecQr gl pg. rediay 20, DECENBER 2005

recess, in the magnetic recording medium can be
suppressed even when dust or the like deposits between

10 the mask and the medium. Accordingly, when a magnetic
pattern is to be formed in a state that the mask is
brought into contact with the magnetic recording medium,
it is preferred to use a magnetic recording medium
comprising a substrate having a high hardness.

15 The present invention provides a remarkable effect
when applied to a medium having a hard substrate. 1In the
conventional magnetic printing method, the medium having
a hard substrate had problems that the contact of the
medium to a master disk was insufficient to cause a flaw

20 or a defect, or the boundary of printed magnetic domains
is unclear and PW50 may expand. On the other hand, the
present invention does not create such problem because
the mask is not brought to press-contact with the medium.
In particular, the present invention is effectively used

25 for a medium with glass substrate in which cracks are apt
to cause.

In manufacturing steps for magnetic recording media,



- 80 washing and drying are generally carried out in order to assure
adhesi veness of each layer. In manufacturing a nagneti eé DECEMBERQO(FEdI um
according to the present invention, a netallic |ayer such 5 as NP, N A or
the like may be fornmed on the substrate surface. As the nethod for form ng
the netallic layer, a technique for formng a thin filmsuch as an

el ectroless plating nethod, a sputtering nethod, a vacuum deposition 10

met hod, a CVD nethod and so on may be-ugsed- Wien a substrate nmade of a
conductive material is used, electrolytic plating my be used. The

t hi ckness ofvashdngretrd |dy iy err ¢ Iprafar bl gaB0lemn ovt nbreor foveter, in
consideration of productivity for a magnetic recording 15 nedium the

t hi ckness i gSpuafeecaliap RERADrOT eeach orver preferably, 10 pmor |ess.
Further, it is desirable to formthe netallic layer on the entire substrate
surface. HoweverIn imansfgoss bie atmadoem ¢ troabydanganediasr exanpl e, only
an area where 20 texturing is conducted. The texturing may be conducted
concent ri caldogagslifige tos st rt s Sy f HEEY L Oh aasft}lﬁb%@fh%(é 5ayencéUghere the
metallic layer is forned. In the present invention, "concentrically
texturing" iafdiNddt edidistat & hshatl e 1R 5 Qitidérof L Re neugs b69ES are
formed in a circunferential direction of the substrate by grinding the
substrate i FU%HEci rcunferential direction by enploying, for exanple, 20

DECEMBER 2005
s the method for forming the metallic layer, a

technique for forming a thin film such as an electroless
plating method, a sputtering method, a vacuum deposition

10 method, a CVD method and so on may be used. When a
substrate made of a conductive material is used,
electrolytic plating may be used. The thickness of the
metallic layer is preferably 50 nm or more. However, 1in
consideration of productivity for a magnetic recording

15 medium, the thickness is preferably 20 um or less, more
preferably, 10 nm or less.

Further, it is desirable to form the metallic layer
on the entire substrate surface. However, 1t is possible
to form it only a part, for example, only an area where

20 texturing is conducted.

The texturing may be conducted concentrically on the
substrate surface or on a substrate surface where the
metallic layer i1s formed. In the present invention,
“concentrically texturing” indicates a state that a large

25 number of fine grooves are formed in a circumferential
direction of the substrate by grinding the substrate in

the circumferential direction by employing, for example,



- 81 nechanical texturing with use of abrasive grain and a texture tape
together, texturing utilizing | aser beans, or by the qopecesiBrR? 6y these
techni ques. The mechanical texturing is generally conducted to 5 provide
anisotropy in the magnetic layer in its |ongitudinal direction.

Accordingly, it is unnecessary to conduct it when isotropy is provided in a
magnetic layer in its longitudinal direction. Further, the texturing
utilizing |laser beans is 10 generally-c@dducted to i nprove CSS
(contact-start-and- stop) characteristics. It is unnecessary to conduct such
texturing i MeSNAysicE thRtt W FRgristt e o Hi Mo devVeeIrhas anfledd which is
noved out of the magnetic recaording nmediumin a nopn-driving tine (a

| oad/ unl oad S<EER LA ALIH Ubr aSFHHHRT ntlusktZ 10 thRShebRafifca
texturing, an alum_ na grain is wdely used. However, a dianond grain
exhi bi ts ex® Rnttherdatwdite: 47 ot t HeeSSi ipdiHiUehat a | ongi tudi nal |y
orientated nediumhas its _naLure to provide the e§$¥ nag etization axi s
al ong 20 textuHiﬁfgﬁ?ﬁR@%%c? PEFtreurar 1S gf @R havy ng® aPSﬁﬁ t f2ed surface
is nost preferahle. In order to realize high depsity pagnetic recording, it
3 effecti veY KEIRTE THE T9Y 1y HeF AT 1 hel Neatl > As: possi bl 6. Fur ther
as a characteristic feature of the 25 substrate, it should have an excell ent
Qﬁﬂé; %éﬁﬁﬁ ce

snmoot hness a9 &t Sridi HYl y AERE ToughiBEE s 61 Y he

substrate S"1I:rof %Coenéiusctprietf evghaebrll Y szotnrrgp%; isesgr‘ovrrlnéeed 210n DaECrlr%\l/gr%eRt %805

layer in its longitudinal direction.

Further, the texturing utilizing laser beams is

10 generally conducted to improve CSS (contact-start-and-
stop) characteristics. It 1s unnecessary to conduct such
texturing in a system that a magnetic recording device
has a head which is moved out of the magnetic recording
medium in a non-driving time (a load/unload system) .

15 As the abrasive grain used for the mechanical
texturing, an alumina grain is widely used. However, a
diamond grain exhibits excellent performance from the
viewpoint that a longitudinally orientated medium has its
nature to provide the easy magnetization axis along

20 texturing grooves. In particular, grain having
graphatized surface is most preferable.

In order to realize high density magnetic recording,
it is effective to reduce the flying height of the head
as possible. Further, as a characteristic feature of the

25 substrate, it should have an excellent smoothness or
flatness. Accordingly, the surface roughness Ra of the

substrate surface i1s preferably 2 nm or less, more



- 82 preferably, 1 nmor less, particularly preferably, 0.5 nm or |ess.
The surface roughness Ra is a val ue obtai ned by neasucepgcemBergbds of 400
Timwith a contact finger type surface roughness neter and cal culating the
measured 5 val ue according to JIS B0601. In this case, the end of the probe
for neasuring is of a size of about 0.2 }1Imin radius. An underlayer may be
formed between the magnetic |ayer and the substrate. The underlayer is to
make the 10 crystal fine and to control82thke orientation of the crystal

face. For this purpose, material containing C as the main_conponent is
preferably peferaHer tham pur el €¥s . trr hitetraly fBFretRE2bAder Payenn
containing Cr as the mmin conponent may be used. Such 15 material contains
an al |l oy comgosé&d<of Ahel sxstasie rOEhEMSSsAoected fYde et bupd cB¥isi sting
of V, Ti, M, Zr, H, Ta, W Ge, No, Si, Cu and B or chrom um oxide in
order to obfEIAFUGEaW cr yiansl tietle A Oy B Whieh r_cePaFagt Fayerr BUPEn
particular, pure C or an alloy obtained b adding to Cr one or. nore

el ement s sel¢&ted S FOHIHE T -t did stdhgt bt TRy WBe Mpavured, Si, Nb, zr
and Hf, is preferable. The contents of the second and third elenents are

preferabPy fPdmel 3AGHERT &S0/t i &% - 25 e SHrst <t abthe 198 Bt at oni c%
to 30 atom c% further referably, 5 atomc%to 2 tom c% _al t hough the
optinum a ?r\P;?@y fd%gé‘fﬁﬁ% etenment$ %%ﬂ.ogogﬁﬁl\éﬁ? BHos™
radius.
An underlayer may be formed between the magnetic
layver and the substrate. The underlayer 1s to make the
10 crystal fine and to control the orientation of the
crystal face. For this purpose, material containing Cr
as the main component is preferably used.
Other than pure Cr, the material for the underlayer
containing Cr as the main component may be used. Such
15 material contains an alloy composed of at least one
element selected from the group consisting of VvV, Ti, Mo,
zr, Hf, Ta, W, Ge, Nb, Si, Cu and B or chromium oxide in
order to obtain good crystal matching to the recording
layer.
20 In particular, pure Cr or an alloy obtained by
adding to Cr one or more elements selected from the group
consisting of Ti, Mo, W, V, Ta, Si, Nb, Zr and Hf, is
preferable. The contents of the second and third
elements are preferably from 1 atomic% to 50 atomic%,
25 more preferably from 5 atomic% to 30 atomic%, further
preferably, 5 atomic% to 20 atomic%, although the optimum

amounts vary depending on elements used.



- 83 The thickness of the underl ayer should be sufficient to obtain the
ani sotropy, and is preferably 0.1 to 50 nm nore prefeonbCgyBAR30G50 30 nNmM
further preferably, 0.5 to 10 nm Wen the underlayer containing C as the
main 5 conponent is fornmed, the substrate nay be or may not be heated in
the formation of the underlayer. A soft magnetic |ayer may be fornmed between
the wunderlayer and the recording |ayer as the case requires. The formation
of the soft nagnetic |ayer provides a- a&3ge 10 effect and is used
preferably for, in particular, a keeper nedi um which_reduces nagnetlc
transition n0|sé%h%rth%F¥%@%%nﬂﬁcﬁhﬁruﬁéééﬂaVﬁﬁ FEaHG M Weeseits Irfegidt i ¢
domai ns extend perpendicular to the longitudinal direction of the nedium
15 The soft FPa@hHadid IR rATRRI B ndde oF RatepraPlynlvingor efati™vel y
hi gh permeability and small nmagnetic_ |l oss. N Fe or an aIIoX obt ai ned by
addi ng Mo oPM9tfe RT3l hed thi Fol 20 ewBnt LB NPEePT§TGE8A1Yr efePatiidy. ~ The
optlnun1perneablllt% whi ch varjes |largely depending on 20 the |
char act eri sti’cd™f V'HETh&&E &ﬁ§9ﬂ%§¥%£xﬁ9ﬂqﬁf4%W%r3r&§%dt¢%rm?éEordlng
data, is preferably from about_ 10 to , 000,000 (Hm as the maxi mum
perneablFlth”ﬁﬁFF%gfl%a Q§W%ﬁda§%? She2For Bﬁ Phe™a¥ndeH &yer
cont ai ni ng éi onent a tge 2@ gse requi res. For exanple,
when a CoCr ﬁﬁn 35 For d ?tu e ¥efo contro
CryStalllzatlon Of tg§ema§h§%ig yer may EEC% rmed ge%ween the
underlayer and the recording layer as the case requires.
The formation of the soft magnetic layer provides a large
10 effect and is used preferably for, in particular, a
keeper medium which reduces magnetic transition noises or
a perpendicular recording medium wherein magnetic domains
extend perpendicular to the longitudinal direction of the
medium.
15 The soft magnetic layer should be made of material
having relatively high permeability and small magnetic
loss. NiFe or an alloy obtained by adding Mo or the like
as the third element to NiFe is used preferably. The
optimum permeability, which varies largely depending on
20 the characteristics of the head and the recording layer
used for recording data, 1s preferably from about 10 to
1,000,000 (H/m) as the maximum permeability.
Further, an interlayer may be formed on the
underlayer containing Cr as the main component as the
25 case requires. For example, when a Colr series

interlayer is formed, it 1s easy to control

crystallization of the magnetic layer.



- 8 In formng the recording |ayer (magnetic |layer), a |ayer having the
sane material as the underlayer or another non-nmagnet RCDREEMBERROMFAY be

i nt erposed between the recording |ayer and soft nmagnetic |ayer. Wen the s
recording layer is fornmed, the substrate may be or nay not be heated. As
the recording layer, a Co alloy nmagnetic layer, a rare earth type nmagnetic
| ayer represented by FbFeCo or a multi-layer of a transition netal and a
nobl e nmetal represented by a nulti-I|layeBd4of 10 Co and Pd is preferably used.
As the magnetic layer of Co alloy, pure Co or a magnetic material of Co

al l oy which is dgendraiminqiseer asecer depmhet dxerntBagartisuéhyas) CoRi, CoSm
CoCrTa, CoNiCr or CoCrPt can be used. Further, an elenent such as Ni, 15
Cr, Pt, Ta, 1AVcB davihg [thce seme Mediond stuchasusieplayey 8 added to the
Co alloy. For example, CoCrPtTa, CoCrPtB, CoN Pt, CoNiCrPtB or the |like may
be nentioned@NotiigE PRNCKRESS O T Sraighethay |y einbtreesaf| bytvgen
preferably, 5 nmor nore, nore preferably, 10 nmor nore, 20 although the

t hi ckness i §h6pEr6REAINEULENETY, e St AIGERE1S P¥ePer abiieB0-Bn or | ess,
nore preferably, .30 nmor less. The recording |ayer may be formed by

| ani natihg FRECEALRSr &2 Fbers cImgrer Sy FHREY st MiERnPe apprBYi at e

non- magneti c in%erlayer or mﬁthgut any gﬁ i nterposing |layer. In this case,

t he conposi FP&nP6f PERé e draghet FEEmEEEPTFEr"Fo 15 SFor e Y the same or

different. 20 DECEMBER 2005 :
magnetic layer, a rare earth type magnetic layer

represented by FbFeCo or a multi-layer of a transition
metal and a noble metal represented by a multi-layer of

10 Co and Pd is preferably used.

As the magnetic layer of Co alloy, pure Co or a
magnetic material of Co alloy which is generally used as
a magnetic material, such as CoNi, CoSm, CoCrTa, CoNiCr
or CoCrPt can be used. Further, an element such as Ni,

15 Cr, Pt, Ta, W, B or the like or a compound such as Si0,
may be added to the Co alloy. For example, CoCrPtTa,
CoCrPtB, CoNiPt, CoNiCrPtB or the like may be mentioned.
The thickness of the magnetic layer of Co alloy is
preferably, 5 nm or more, more preferably, 10 nm or more,

20 although the thickness is optional. Further, the
thickness is preferably 50 nm or less, more preferably,
30 nm or less. The recording layer may be formed by
laminating two or more number of layers by interposing an
appropriate non-magnetic interlayer or without any

25 interposing layer. In this case, the composition of the
magnetic material to be formed may be the same or

different.



- 8 As a magnetic material for a rare earth type nagnetic |ayer, a
generally used material such as TbFeCo, GdFeCo, DyFeCe¢DEOE™BER 2005¢ | i ke
may be nentioned. Tbh, Dy or Ho or the like nay be added to such rare earth
5 alloy. Ti, Al or Pt may be added to prevent the deterioration by

oxi dation. Although the thickness of the rare earth type magnetic layer is
optional, a thickness of fromabout 5 to 100 nmis usually used. Further,
two or nore |layers nay be fornmed as the8B0 recording |layer directly or by

i nterposing an appropriate non-magnetic interlayer. The conposition of the
magnetic materif%$ @ onBE¢BRT Nakedr hay bert Aer3HRESBELHI fVBFent. In
particular, the rare earth type magnetic layer is a _|ayer having an

anor phous stAEEIRIE Vs s capserdf lY5 sagnet ror hgl verehcaf! JrEsCa.

| ongi tudi nal direction of the nedium Accordingly, the nmethod according to
t he presentG@EﬁﬂﬂniQMFQQPGHF@%ﬁﬂ%¥f%ﬁehlbﬁed%ﬁ%i%? Feebt gnfg - antli s
capabl e of form ng a magnetic pattern with_high density and hi gh accuracy
is effectivély %p ‘4dﬁ%ﬂé¥3Zb”¢%é“%&l@$-¢%@%@ B tr&RsFerencaEtBl and nobie
metal, which_.is capable_of perpendicular magnetic recording as well, may
be of gefer é’ijilypyusegloné,l Por Eéx iy &2 @@/dlﬁd%gtocd?rﬁ‘{e%/tﬁte, Fe/ Au, Fe/ Ag or
the like. The transition _netal, and the nahl e tal for the materjal of

mul ti-Ilayer SHE T A v L tﬁ’ép"ﬁ? & Hutt BeearPal | oy

cont ai ni ng ch nmetal as.the main co nent. The th'cknefs of the
% D665,

mul ti-1ayer FStA 157 o @ o dta S i BECEMBER

thickness of from about 5 to 100 nm is usually used.
Further, two or more layers may be formed as the

10 recording layer directly or by interposing an appropriate
non-magnetic interlayer. The composition of the magnetic
material to be laminated may be the same or different.

In particular, the rare earth type magnetic layer is a
layer having an amorphous structure and is capable of

15 magnetizing vertically to a longitudinal direction of the
medium. Accordingly, the method according to the present
invention is suitable for high density recording and is
capable of forming a magnetic pattern with high density
and high accuracy is effectively applicable.

20 The multi-layer of transition metal and noble metal,
which is capable of perpendicular magnetic recording as
well, may be of generally used one, for example, Co/PBd,
Co/Pt, Fe/Pt, Fe/Au, Fe/Ag or the like. The transition
metal and the noble metal for the material of multi-layer

25 are not always necessary to be pure but may be an alloy
containing such metal as the main component. The

thickness of the multi-layer is usually from about 5 to



- 80" 1,000 nmalthough it is optional. Further, the nulti- |ayer may be
conposed of three or nore kinds of material as the casepkegmBi®00s N t he
present invention, the recording layer is 5 preferably thin. If the
recording layer is thick, thermal conduction in a thickness direction in
heating the recording layer is poor, and excellent magnetization nmay not
be obtained. Therefore, the thickness of the recording layer is preferably
200 nmor less. On the 10 ot her hand, -tteé t-hi ckness of the recording |ayer
is preferably 5 nmor_nore in, order to_keef n%?netization. In the present
ng

i nvention, the®tRgietiEtreyer 45 tReoPetord Wydtekeepse ilghlet T zati on at

roomtenperature, and is demagnetized or nagnetized,in the opposite 15

direction by 3Pl yidg PreatoBreSan ekt ehhaf FhgRetfckinefdof Thetraghétic

| ayer shoul d keep magneti zatjon at room tenperature, and it is preferable

that the stat$ ctl®oe?Ts vESEorE®of the nagnetic |ayer be 2,000 Ce or nore

at room tenperature, mherebé a nediun1having smal | éO nagnetic,donains and
¢ F MbFe

suitabl e for hi g deRSi PySFBREr aPHG 8 obtAFNABFET fr¥é&ferably, the
static coercive  farce at.roomtenperature is 3, 000 Ce or re. On the
ot her hand, R T 6 Jel?‘ci\/Ieftf T & HOTDH t%e%@el’ralt%r%hl oul d be 20 kOe
or less. If it exceeds 20 kCe, a |large.25 nmagnetic Lntensit ei .needed in
order to obt%ﬁ?FTﬁﬁf%ﬁ_ u%%b%%t%?a?lg%l%§nfﬁg %f?%f é??e?ﬂa% ﬁgbﬁgtlc field,
and_ there nay, cause ¢ (i pILY 10 BeLfor IR0, Ysupl TROneL].c, 29, DECEVBER
may not be obtained. Therefore, the thickness of the
recording layer is preferably 200 nm or less. On the
10 other hand, the thickness of the recording layer is
preferably 5 nm or more in order to keep magnetization.
In the present invention, the magnetic layer as the
recording layer keeps magnetization at room temperature,
and is demagnetized or magnetized in the opposite
15 direction by applying heat and an external magnetic field.
The magnetic layer should keep magnetization at room
temperature, and it is preferable that the static
coercive force of the magnetic layer be 2,000 Oe or more
at room temperature, whereby a medium having small
20 magnetic domains and suitable for high density recording
is obtailnable. More preferably, the static coercive
force at room temperature is 3,000 Oe or more. On the
other hand, the static coercive force at room temperature
should be 20 kOe or less. If it exceeds 20 kOe, a large
25 magnetic intensity is needed in order to obtain uniform

magnetization by the first external magnetic field, and

there may cause difficulty in performing usual magnetic



- 87 recording. The static coercive force is preferably 15 kQOe or |ess,
nore preferably, 15 kQOe. Description will be nade as t 2 bEEEMBBER2@sCOEr Ci Ve
force of the magnetic |ayer, heating tenperature to a 5 |local portion and
the intensity of the second external magnetic field. For exanple, in a
medi um having a static coercive force of 3,500 to 4,000 Ce at room
tenperature, the coercive force is usually decreases linearly at a rate of
10 to 15 Ce/C with tenperature rise. Forgd0-exanple, it decreases to about
2,000 Ce at 150C. Since it is easy to generate a coercive force of about
3,000 Ce byresbhgiag. exiles naliawegneesecivel Houppl y# ngradansblyt 1ps

possible to formsufficiently a magnetic pattern even by a heating

t enper at ur e ¥Peapouieisoqnois Thefayakiive ébek€eve force shoul d generally be
large in order to maintain stably information recorded with high density.
The dynami c coer@ﬁﬁérﬁ§ﬁééniwlélcéér@ﬁ¢€ afsortee thist &itmdd DyF ARG ng when
the magnetic field intensity is changed in a short tine of 1 sec or |ess,
20 i.e., a cherervelfbhreenagnatntigheYre. f PeRGIRAVIERFPETBHSE B dth of 1 sec
or less. However, the value varies, depending on the magnitude of a magnetic
field and a He@?. BPPFieatfBA FRAeinPPBFEEADPY, PReSEFRAM EXC6ercilve force
under the condition of ., 1. sec is twce or npre than, the 25 static coercive
force. HoweVBr9n¢E1ftiigldxcdyi vefyPtar g & TeRYE" nBgHety caf PERELC
LSl LY S eede 0L o TRIPeL I 28h 28 BY obBe 2GRN T SN SLhBe TR

the coercive force is usually decreases linearly at a

rate of 10 to 15 0e/°C with temperature rise. For

10 example, it decreases to about 2,000 Ce at 150°C. Since
it is easy to generate a coercive force of about 3,000 Oe
by using an external magnetic field applying means, it is
possible to form sufficiently a magnetic pattern even by
a heating temperature of about 150°C.

15 The dynamic coercive force should generally be large
in order to maintain stably information recorded with
high density. The dynamic coercive force is a coercive
force obtained by measuring when the magnetic field
intensity is changed in a short time of 1 sec or less,

200 1i.e., a coercive force of a magnetic field having a pulse
width of 1 sec or less. However, the value varies
depending on the magnitude of a magnetic field and a heat
application time. Preferably, the dynamic coercive force
under the condition of 1 sec is twice or more than the

25 static coercive force. However, if it is excessively
large, a large magnetic field intensity is needed for

magnetization by the second external magnetic field.



- 88 - Therefore, 20 kOCe or less is preferable. In the follow ng, an exanple
of the sequence of neasuring the dynam c coercive forzDECEMBERRISI Ve force
of the magnetic layer as the recording layer) of a 5 magnetic recording
mediumis shown. 1. The coercive force of the nmediumunder the condition of
application tine t=10 sec is obtained. 1.1 A magnetic filed of maxi num
magnetic field intensity (20 kCe) is applied to the nediumto saturate 10
it. 1.2 A magnetic field H having a prédeternined intensity is applied in
a negative direction (a direction opposite the direction of saturation).

0

1.3 10 sec i"&Sh&atng ned rO% h ¢S b%é??%%?¥%?36'15 condition. 1.4 The
magnetic field is retur qgto.zero. 1.5 Thf valLue, of magneti zation at the
moment of the dBoved W iEOPEEE {87 oBRAFRLA pesthBaP SREGREE 24tion  val ue
M. 20 1.6 The sane stqﬁfé%}.l to 1.5) of asurenment are rege?ted by
changi ng a FeEEYe 1% § I Of SHES L Waghet TS f FRPdC8ppFieéd A fRe above
1.2. As a result, residual -magnetization values M, M2, M3d_and M4 are
obt ai ned wi Fé§b§@@qﬁ§%qKQQr1Eﬂﬁﬁt?%& BFCHeghRY i £2881 i 8Fd®HL, H2, H3 and

H4 at 4 points in. t he, val.ues at these 4 points, the

t ot al . .7 Fro
appl i cabt e HE@W@Fi&'ﬁ%ﬁ9féaﬂ%ﬂﬂﬁé%P$1ﬁ%ﬂ%ﬁPYﬁovides 20 DECEMBER 2005

1. The coercive force of the medium under the condition
of application time t=10 sec 1s obtained.

1.1 A magnetic filed of maximum magnetic field
intensity (20 kOe) is applied to the medium to saturate

10 it.

1.2 A magnetic field H1 having a predetermined
intensity is applied in a negative direction (a direction
opposite to the direction of saturation).

1.3 10 sec is maintained under this magnetic field

15 condition.

1.4 The magnetic field is returned to zero.

1.5 The value of magnetization at the moment of the
above 1.4 is read to obtain a residual magnetization
value M1.

20 1.6 The same steps (1.1 to 1.5) of measurement are
repeated by changing a little the intensity of the
magnetic field applied in the above 1.2. As a result,
residual magnetization values M1, M2, M3 and M4 are
obtained with respect to the intensities of magnetic

25 field H1, H2, H3 and H4 at 4 points in total.

1.7 From the values at these 4 points, the

applicable magnetic field intensity H which provides



- 89 residual magnetization value M=0O is obtained. This corresponds to the
coercive force of the nmediumunder the condition of appbECEMBER 2besne t =10
sec. 2. The application tinme t is changed to 60 sec, 100 sec 5 and 600 sec,
and neasurenent is conducted in the same manner to obtain each coercive
force at each application tine. 3. In the estimtion of the coercive force
values at 10 sec, 60 sec, 100 sec and 600 sec, a coercive force at a 10
shorter application time can be obtai negg For exanple, the dynam c coercive
force under the condition of application tinme = 1 nsec can be obtained. It
i s necessar ydsaduaie magreti tat ayervda bukedpl magnebtzatedn athisom
tenperature and to be magnetized 15 with a weaker external magnetic field
at an appr oprratsspdrei iy tlenpsreataree foarcderf nhgneédtudomades ithea
magnetic pattern can be made clear by increasing the difference between the
room t enper atomde tanch £ ragmetdzatomnt snast A0t eaperature. For this, it is
20 preferable that the magneti zation erasing tenperature is higher.

Speci fical |l . itTls qpelicatedon ot bee 100 ochahgghletp AOr eepr efldlaliac 150C
or higher. For exanple, the nagnetization erasing tenperature exists in the
Vi ci ni t y5of a0dr 66 &t ergsor aangt endauggneyt | boeronfantedr e 2Bet eaperature) or
in the vicinity of conpensation tenperature. The Curie tenperature is
preferably 1000 tH gheraipRDECEVBERE PoBstorce at each application

time.
3. In the estimation of the coercive force values at 10
sec, 60 sec, 100 sec and 600 sec, a coercive force at a
10 shorter application time can be obtained.
For example, the dynamic coercive force under the
condition of application time = 1 nsec can be obtained.
It is necessary for the magnetic layer to keep
magnetization at room temperature and to be magnetized
15  with a weaker external magnetic field at an appropriate
heating temperature. Further, magnetic domains in a
magnetic pattern can be made clear by increasing the
difference between the room temperature and a
magnetization erasing temperature. For this, it 1is
20 preferable that the magnetization erasing temperature is
higher. Specifically, it is preferred to be 100°C or
higher, more preferably, 150°C or higher. For example,
the magnetization erasing temperature exists in the
vicinity of Curie temperature (slightly lower than Curie
25 temperature) or in the vicinity of compensation

temperature.

The Curie temperature is preferably 100°C or higher.



- 90 Wen it is lower than 100C, the stability of the nagnetic donmains at
roomtenperature tends to be low. Mre preferably, thmsbmmesekes is 150C
or higher. On the other hand, the tenperature is preferably 700C or 5 | ower
because when the magnetic layer is heated excessively, it may be deforned.
In the present invention, the Curie tenperature of an AFC
(Anti-Ferromagnetic coupl ed) nmedium does not nean Curie tenperature of the
principle magnetic layer but 10 nmeans _apparent Curie tenperature of the
mediumin its entirety. Wien the magnetic recording nediumis a

I'ongi t udi nalynhdmgneti€ 1 QeOF di mgn Medoum die isAbffi eyl &rtengonduct _
saturation recording to the magnetic recordi ng nediumfor 15 high recording

densi ty havimgraethighiseeres ver f esee bympéhgrgpaveahtenab wagnetd.c printing
met hod. Further, it is difficult to forma magnetic pattern having high

magnetic fieldd prensdtabipnd-ndecdmbdratdtd as habfc smxhiyme Ry @xpand.
According to the present invention, 20 a desired nmagnetic pattern can be

formed even dre atHoNgidnd] nahe resapdtaguredi ynpsuetabbeyf onoht gbrdensity
recording. In particular, when the saturation nagnetization of the magnetic

| ayer i s550 lemdrcbataumy eyhert hehé nhddreacec ol agedi apngveated field is |arge.
25 Accordingly, the application of the present invention provides a |large
ef fect. A highers=iffelot, | 5t oy babllefadreadt he saturati on 20 DECEMBER 2005

In the present invention, the Curie temperature of
an AFC (Anti-Ferromagnetic coupled) medium does not mean
Curie temperature of the principle magnetic layer but

10 means apparent Curie temperature of the medium in its
entirety.

When the magnetic recording medium is a longitudinal
magnetic recording medium, it is difficult to conduct
saturation recording to the magnetic recording medium for

15 high recording density having a high coercive force by
the conventional magnetic printing method. Further, it
is difficult to form a magnetic pattern having high
magnetic field intensity, and the full width at half
maximum may expand. According to the present invention,

20 a desired magnetic pattern can be formed even in a
longitudinal recording medium suitable for high density
recording. In particular, when the saturation
magnetization of the magnetic layer is 50 emu/cc or more,
the influence of a diamagnetic field is large.

25 Accordingly, the application of the present invention

provides a large effect.

A higher effect is obtainable when the saturation



- 91 nmagnetization is 100 enmu/cc or nore. However, when the saturation
magneti zation is excessively large, the formation of hBECEMBERR@Spattern
is difficult. Therefore, it should be 500 enu/cc or |less. 5 Wen the
magnetic recording mediumis a perpendicul ar nmagnetic recordi ng nmedi um
wherein a nmagnetic pattern is relatively large and a unit volune of a
magnetic domain is large, the saturation nmagnetization tends to be |arge
and reverse nagnetization is apt to 10- &cw due to demagnetization effect.
This creates noises and deteriorates the full width at half maxi nrum
However, theagpresenetipnehti bAOMBREBLCEt OpoBsSKBl-e Hevweeedr dvhprefbrably in
such nedlunlby using the conbination of the soft magnetic |ayer and the
under | ayer. 93typathenpresentlravénni oA, SKRESPLUEEYt Le&IRayéNS s preferably
formed on the magnetic |layer. Nanely, the outernost surface of the nedium

i s covered wi@HNathardot pEBeeprpvetiayBRtEgTRNi6hdadAREEE -t o t he magnetic

| ayer due to the coII|S|on of the magnetic head or the 20 deposition of
dust on the T%%%@f%ﬁ%os}%gsP%u%ﬁebﬁagao §MUAGEI BAbLESSWhen t he magnetic
pattern form ng nethod using the nmask is used according to the present

i nventiof, the WF@PeEF?v@a9§9éﬂCpFSF@E@é”@h@eﬁé&WU#ﬁf@bn1the damage due to
the contact by the_pask. 25 Further, the protective |layer in the present

i nvention pr%ﬁ%ﬁﬁ%d%ﬁ%l%§lH%@?%Elﬁfr?ﬁgrﬁégﬁeP?élPQy@PerQHEn it is heated.

Th netic la ner al 20_DE ER 2
e magnet CmagXeth pgtetgrﬁ‘ ;I'LZ rglatg; % 1a982 and a unit volume of

a magnetic domain is large, the saturation magnetizatilon
tends to be large and reverse maghnetization is apt to

10 occur due to demagnetization effect. This creates noises
and deteriorates the full width at half maximum. However,
the present invention makes it possible to record
preferably in such medium by using the combination of the
soft magnetic layer and the underlayer.

15 In the present invention, the protective layer is
preferably formed on the magnetic layer. Namely, the
outermost surface of the medium is covered with a hard
protective layer by which a damage to the magnetic layer
due to the collision of the magnetic head or the

20 deposition of dust on the layer opposing to the mask is
avoidable. When the magnetic pattern forming method
using the mask is used according to the present invention,
the protective layer protects the medium from the damage
due to the contact by the mask.

25 Further, the protective layer in the present
invention prevents the oxidation of the magnetic layer

when it is heated. The magnetic layer 1is generally



- 92 easily oxidized, and the oxidation is accelerated by heating. In the
present invention, since the nmagnetic |ayer is |ocally beetadERyo®@ner gy
beans, it is desirable that the protective layer is previously formed on
the 5 nmagnetic layer in order to prevent the oxidation. Wen the magnetic

| ayer is constituted by a plurality of |layers, the protective |ayer should
be forned on the nmagnetic | ayer nearest to the outernost surface. The
protective |ayer may be forned directly 9%n-10 the magnetic |ayer, or may be
formed by inter p05| ng a |ayer having another function as the case requires.
A part of ercagylbenpsdisedbsardethdyorhdapiotetsi gecelayeredhbireby the
magnetic layer is heated |ocally by thermal conduction. Wien the protective
| ayer is tod€st¥H ck,Irfa thgymstgserPatirsrei R betomie uret eed9mgti®e  t her mal
conduction in a lateral direction. Accordingly, the thickness should be
thin. Furthefaygs is Jmc*eéﬂelcye@eat@%dnlakee@ﬁﬁégyr\b@%@ssltﬁhp-ﬁ figBirR@LpuUr pose
of reducing the distance between the magnetic |ayer _and the nagnetic 20
head at a rddtiditiyy REPrIutYfglayHe. IACRBPYL pgP y fﬁémetihpékﬁ §s is
preferably 50 nmor |less, npre preferably, 30 nmor |ess, further

pref er abPy, TRPNfRGT 16T on ‘?ll‘\%ero'f‘ﬂeEPr‘ﬁ‘é%t FheoPYeraEdoBbt ai n suffici ent

durability, the _thickness is preferably. 0.1 nmor nore, nore preferably,
25 1 nmor nore. }ﬁ'fé otBt?irvelfa @Ye§hbﬁl HOBEtHEPBeQnHYdGr able to
oxi dati on. 'E¥a 189 5? fi?% é?teﬁé'gfbtg tive ggeEEgE %5 %005

formed on the magnetic layer nearest to the outermost

surface. The protective layer may be formed directly on
10 the magnetic layer, or may be formed by interposing a

layer having another function as the case requires.

A part of energy beams 1s absorbed by the protective
layer whereby the magnetic layer is heated locally by
thermal conduction. When the protective layer is too

15 thick, a magnetic pattern may become unclear by the
thermal conduction in a lateral direction. Accordingly,
the thickness should be thin. Further, it is preferred
to make the thickness thin for the purpose of reducing
the distance between the magnetic layer and the magnetic

20 head at a recording/reproducing time. Accordingly, the
thickness is preferably 50 nm or less, more preferably,
30 nm or less, further preferably, 20 nm or less. On the
other hand, in order to obtain sufficient durability, the
thickness is preferably 0.1 nm or more, more preferably,

25 1l nm or more.

The protective layer should be hard and durable to

oxidation. Generally, as the protective layer, a



- 93 carbonic material such as carbon, hydrogenated carbon, nitrided

car bon, anorphous carbon, SiC or the like, or Si 2, Zr@DBCEMBER 230sN or the
| i ke may be used. Further, the protective |ayer may be nmade of nateri al
having 5 magnetic properties. In particular, the protective |ayer should be
thin and very hard in order to bring the distance between the head and the
magnetic | ayer close as possible. Accordingly, use of a protective |ayer of
carbonic to material, in particular, didhbnd-like carbon is preferable from
the viewpoint of its having inpact resistance and |lubricating properties.

It serves ndterReRIC B2 preVRAt SACHaRbge 3t H o he MHEGREENE Hosy & TRP he
irradiation of energy beans but also to be durable to a 15 danage of the
magnet i c Iaﬁﬁi¥ﬁd?%ec%6??%ctaB?IPHQUﬁeﬁéFbO?heSﬁ&gﬁéﬂ@?ﬁxﬁﬁkﬁ¢1q%rning

met hod of the present invention is applicable to _an opaque_protective |ayer
such as a cé?ﬁgna3§68é'p?bWec?FUeOFa§gg. F%ﬁtﬁ@?,b?hésﬁ%bteggFGEeFayer may
be formed of two 20 or.nore |ayers. Wen g | ayer cont,ai.ning .Cr as the main

conponent i SSHOrMEUCaStiRe pRBEEcRPVePFaferedPrelRly ot M&gnetic | ayer,

it exhibits a renarkable ef%ect to prevent oxygen perneating into the
magnet i ¢ ° ay®t9 Fur ¢ RRTOPFE “ i€ preferred to forma lubricant |ayer 25 on

(he profective | eToLBRLI8L (0 YADL 2 Jamge Lo L n el un by the
|Ubricantli%ﬁﬁ’Vé&%ohgggER§E5%§895to bring the distance between the
head and the magnetic layer close as possible.
Accordingly, use of a protective layer of carbonic

10 material, in particular, diamond-like carbon is
preferable from the viewpoint of its having impact
resistance and lubricating properties. It serves not
only to prevent a damage to the magnetic layer by the
irradiation of energy beams but also to be durable to a
15 damage of the magnetic layver by the contact of the head.
The magnetic pattern forming method of the present
invention is applicable to an opaque protective layer
such as a carbonaceous protective layer.
Further, the protective layer may be formed of two
20 or more layers. When a layer containing Cr as the main
component is formed as the protective layer directly on
the magnetic layer, it exhibits a remarkable effect to
prevent oxygen permeating into the magnetic layer.
Further, it is preferred to form a lubricant layer
25 on the protective layer in order to prevent a damage to

the medium by the contact of the mask or the magnetic

head. As lubricant used for the lubricant layer, a



- 94 fluorine type lubricant, a hydrocarbon type lubricant and a m xture
of these materials are nentioned. The |ubricant can begagpkiaFErDed he usual
nmet hod such as a dipping nethod, a spin coat nethod or the like. O, the 5
| ubricant |ayer may be fornmed by a vapor deposition nethod. The thickness
of the lubricant layer is preferably thin so as not to hinder the formation
of the nmagnetic pattern, and is preferably 10 nmor |less, nore preferably,
4 nmor less. On the other hand, in ordét4to 10 obtain a sufficient

| ubricating perfornmnce, t t hi ckness_ i nor e, nore

{16 i r ef grabl O.i m,or ,
preferably, THMET WS, L WRERCRRES ¢ B}éi Cara8°r F%Hiea TPy Rthe

| ubricant l|ayer, lubricant. nay be applied agai n b% t aki ng h15 account of a
danmage (dec 950 OF POy ?E%{?E%L? BF® PRBUEGBFPcant™In the | ayer
structure as describe above, anofhe | ayer may be f d as.the case
requires. | tshl1 Kt er ot 9t oa@%ibe{ihgysﬁg?a@%{?guﬁﬁﬁgg BHCEf 226 t he
medi um after_the formation of the magnetic _pattern_to 3. nmor |le SO0 as
not to | owerd iR é?)n@r%fl?? ' of %%Wn@gaFh@eFF‘S#n@FCS%ffea&tlkﬁeadér’l'hgﬁgurface
roughens _Ra _of _t roughens_of _the gurfacgof t he nedi um

he i.um neans th
wi t hout ﬁaviln‘ﬁ)’ilhceaqgﬁf?%%ﬁtm‘?)éjké? gﬁﬂmle Yyal ueP25 56Parned by measuring a
engthof 9RAILUSHY 3.coman. J4neet Lme syl ocs foughens reter (roce
DECEMBER 20%§eferably thin so as not to hinder the formation of the
magnetic pattern, and is preferably 10 nm or less, more
preferably, 4 nm or less. On the other hand, in order to
10 obtain a sufficient lubricating performance, the
thickness is preferably 0.5 nm or more, more preferably,
1 nm or more.
When energy beams are irradiated through the
lubricant layer, lubricant may be applied again by taking
15 account of a damage (decomposition or polymerization) of
the lubricant.
In the layer structure as describe above, another
layer may be formed as the case requires.
It is preferable to keep the surface roughness Ra of
20 the medium after the formation of the magnetic pattern to
3 nm or less so as not to lower the stability of moving
the flying/contact head. The surface roughens Ra of the
medium means the roughens of the surface of the medium
without having the lubricant layer and is a value
25 obtained by measuring a length of 400 um using a contact

finger type surface roughens meter (model name: Tencor P-

12 disk profiler (manufactured by KLA Tencor)) and



- 95 calculating according to JIS B0O601. The surface roughness Ra is, nore
preferably, 1.5 nmor less. Desirably, the surface undubatksmeRi2gof the
medi um after the formation of the magnetic pattern is kept to 5 5 nmor

|l ess. WA is an anmount of undulation in the medium surface w thout having
the lubricant layer, and is a value obtained by neasuring a length of 2 nm
using the contact finger type surface roughness neter (nodel nane: Tencor
P-12 di sk profiler (manuf actured by KL-AZFencor) 10 and calculating in the
same manner as_ the calculatio r ef er.abl he surface

undul ati on i oI | 20T Jnn? he® Hﬁﬁﬁe?gé&eco?}b? n%“‘ﬁ’é%l?%m constructed as
menti oned above, the fornation of netic ern is .15 conducted to the
recordi ng | d&y@ lfgkfl?ﬁa@%e%?cl?af%?]fe TN%E%E@FL% ? pPBf 8F abPESt o use ei t her
met hod as descr bed be#/) fter he protective Irr@ er angﬁor t Iubrl cant
| ayer has been f F e the ?eEBF Fhy Pﬁéeﬁatéon én&fl & "hay be
formed j ust ter the recordin er. en.there is no
danger of t %];(I%?I% I?ﬁ‘ er ?gc’g‘P%n%gP%%? P gF‘Fb’ﬁ lﬁt\;\?ﬁgést(?a be used

as the | ayer forrmf% me odsfoar f(?nror{llrﬁg er of Ihe il ne o
recor di ng e U ot exfnﬁ py§ia Iy vap HepBsi 1 ng Fre oﬁ% 25 such

as a DC (magn on s tterln methd f euency gnetron)
sputtering rg'rself%g Q er%ﬁ% n@f}ﬁrgcaa{:'vgc Yund déggsﬁ:’l on net hod and

so on 20 DEC&Q@ﬁgqé%%Eaned by measuring a length of 2 mm using the

contact finger type surface roughness meter (model name:
Tencor P-12 disk profiler (manufactured by KLA Tencor)

10 and calculating in the same manner as the calculation of
Ra. More preferably, the surface undulation is 3 nm or
less.

In the magnetic recording medium constructed as
mentioned above, the formation of a magnetic pattern is

15 conducted to the recording layer (magnetic layer).
Although it is preferable to use either method as
described before after the protective layer and/or the
lubricant layer has been formed on the recording layer, a
magnetic pattern may be formed just after the formation

20 of the recording layer when there is no danger of the
oxidation of the recording layer.

Various methods can be used as the layer forming
method for forming each layer of the magnetic recording
medium. For example, physically vapor-depositing methods

25 such as a DC (magnetron) sputtering method, a high-
frequency (magnetron) sputtering method, an ECR

sputtering method, a vacuum deposition method and so on



- 96 my be nentioned. As layer formng conditions, an ultimte vacuum
degree, a nethod for heating the substrate, a substrateopkerRp@iRhoée, a
sputtering gas pressure, a bias voltage 5 and so on are appropriately
determ ned depending on the characteristics of the nediumto be obtained.
For exanple, in a sputtering nmethod for formng a |layer, an ultinmate
vacuum degree of 5x10-6 Torr or less, a substrate tenperature of fromroom
tenperature to 400C, 10 a sputtering ga¥6tpressure of from 1x103 to 20x10-3
Torr and a bias voltage of fromO to -500V are generally preferable. Wen
the substratf®y Lhe&ed 199 may be heated before the formation of the
under| ayer. Wien a 15 trapsparent substrate having a | ow t hernal
absorptivity iSusedeant UBEry ayer h%%?ﬂ@’aageégtFﬁﬁéﬁ EBAtEM™Ming O as
the main component or a B2 crystal structure is formed on tge substrate to
| norease  hE G SIRGIH | Vi1 yReS i HE stbet PARE-TAt Rieat edPShASERen, t he

recording |layer 20 and so on are fornmed. VWen the recording | is arare

carth type A eyt SR T PIBIAT GtF TO° BT Bvent PLOT T BRLb%ENd
oxidati b (octhe ayer, by Lhe Lol g MEhode: MOPEl Y, MBSkl bl
o ourt ot entale POt O, e ik dLbe roapel copecording s Loyer
DECEMBER 20%§ample, in a sputtering method for forming a layer, an
ultimate vacuum degree of 5x107° Torr or less, a
substrate temperature of from room temperature to 400°C,
10 a sputtering gas pressure of from 1%x107% to 20x107% Torr
and a bias voltage of from 0 to -500V are generally
preferable.
When the substrate is heated, it may be heated
before the formation of the underlayer. When a
15 transparent substrate having a low thermal absorptivity
is used, an underlayer having a seed layer containing Cr
as the main component or a B2 crystal structure is formed
on the substrate to increase the thermal absorptivity;
the substrate is heated, and then, the recording layer
20 and so on are formed.
When the recording layer is a rare earth type
magnetic layer, it is preferred to prevent corrosion and
oxidation to the layer by the following methods. Namely,
a mask 1s applied to the innermost circumferential
25 portion and the outermost circumferential portion of a

disk-like magnetic recording medium, layer formation is

conducted to the step of forming the recording layer, the



- 97 mask is renoved before the successive step of formng the protective
| ayer, and the recording layer is covered entirely w thDEGEMBERREE | Ve

| ayer. \When the protective |ayer conprises double |ayers, steps until the
formation 5 of the recording layer and the first protective |layer are
conducted by using a mask, the mask is renoved before the second protective
| ayer is to be forned, and the recording |ayer is covered entirely with the
second protective layer. In this case, %’he corrosion and the 10 oxidation
of the rare earth type nmagnetic |ayer can be preferably _prevented. Next,
the magnet i &% ori YRR coF ekcdr tifigSFocEhe! VHr 858Rt OfnY 8RR WS be
described. The magnetic, recordin q§vice of _.the present 15 invention

conpri ses aﬁﬁﬁﬁﬁﬁ'%y?eﬁﬁ%%ﬁngmﬁng Fn FREQRTERY gaﬁﬁﬁnéFiEOH§FF§rn is forned
according to the above- nentioned nethod,_ a drivi ortion for driving the
magnet i ¢ reced?td]iﬁféynéﬂli%ri F PTREDT I hY HRYSEL | ﬁerg Ehagiet t 'S he%8 havi ng
a recording portion and a 20_r oduci ng portion, neans_for _novin

el at 1 vel y LS TAGE 1 Hodle T T REPEEr Totene eghot e FECORARAY

medi um and recordi ng/ reproduci ng_signal processin ans.whi ch _supplies
a recordrng % gtﬁﬁe? ﬁeocq%h%lrﬁ%ﬁae\ﬁﬁ a?\%a@“ n “F%EeP’é%geﬁgEESr 0a4ENGSi gnal
fromthe magnetic .25 head., As the netic head,.a flying/contact netic
head is gene?ﬂ#@?%ﬁga %(F?ﬁQQCﬁrﬁnggh enst %kré%oFﬁﬁﬁﬁgd ? Sgﬁng%%he

magnetic r ecsoercdoinnciJ pr?odr!e%ii\pe %éfgr & SZOtcg)EngNPnggg,OSand the

recording layer is covered entirely with the second
protective layer. 1In this case, the corrosion and the

10 oxidation of the rare earth type magnetic layer can be
preferably prevented.

Next, the magnetic recording device according to the
present invention will be described.
The magnetic recording device of the present

15 invention comprises a magnetic recording medium in which
a magnetic pattern is formed according to the above-
mentioned method, a driving portion for driving the
magnetic recording medium in a recording direction, a
magnetic head having a recording portion and a

20 reproducing portion, means for moving relatively the
magnetic head with respect to the magnetic recording
medium, and a recording/reproducing signal processing
means which supplies a recording signal to the magnetic
head and receives a reproducing signal from the magnetic

25 head. As the magnetic head, a flying/contact magnetic
head is generally used to perform high density recording.

By using the magnetic recording medium in which a



- 98 magnetic pattern such as a fine, highly accurate servo pattern

provi ding a high output of reproducing signal, mnim 2)pECRIERRS200r OVi di Ng
high SIN and CN as well as a small nodulation is formed according to the
met hod of 5 the present invention, high density recording is possible.
Further, use of the nmediumof flawfree and | ess defect. 1|essons errors in
recordi ng. Precise servo signals can easily be obtained by wusing the
magnetic recordi ng device in which afteP8the 10 nagnetic recordi ng nedi um
has been assenbled in the device, the above-nentioned nagnetic pattern is
reproduced BRI ifagifdti Theift D5 af 1 gheRLY adecut ke f FRAV Oser vo

burst signals generated based on such signals are recorded by the nmagnetic
head. 15 FuFPﬁg@Fniquyﬁﬂ%ﬁﬁn%ﬂﬂ%ghrﬁ&t%qﬁﬁ&ﬁsr?%%%®ﬁéﬁn%351$ﬁélmagnetic
pattern fornmed by the present invention remain in an area which_is not used
as a user' s™datg 1z'ées, n%ﬁ%%ﬁftHﬁP%%ﬁ%Qgthﬁ£$'%4%n%T§ heNe2DekRlledsr ded by
the nmagnetic head. In this case, the gnhetic_head can 20 easily he noved
to a desired@ FH&i 'HWq§&%¥Kﬂﬂﬂf%i%ﬁﬁﬂégﬁ?ﬁﬁﬂrQ&ﬁgaE?o e he Haghet i ¢ head

takes place due to any .disturbance., Accordingly, such, magnetic recording
devi ce capabl’é &F 6 'lﬁ?%ﬁ%ﬁﬁﬂ%'gFﬁﬁh é%rﬁ@%ﬁﬁ 109 etdrd@PAg 1 rethods is

hi ghly reliabl 25 A ma ti.c disk device as a. typica xanple_of the
magnetic reédr ?W&’dé\ﬁecgnﬁvﬁk}e g %r?%e%favﬁ'h%r%gg%%i ﬁe%ﬁ:’ s‘%(egggltce
conprises gﬁgesrs%lnlsy eq:rsor}asf tinzore[c):%q:Eﬁ%%R 2005
Precise servo signals can easily be obtained by
using the magnetic recording device in which after the

10 magnetic recording medium has been assembled in the
device, the above-mentioned magnetic pattern is
reproduced by the magnetic head to obtain signals, and
the final servo burst signals generated based on such
signals are recorded by the magnetic head.

15 Further, it is preferable that signals recorded as
the magnetic pattern formed by the present invention
remain in an area which is not used as a user's data area,
after the servo burst signals have been recorded by the
magnetic head. 1In this case, the magnetic head can

20 easily be moved to a desired position even when a
positional deviation of the magnetic head takes place due
to any disturbance. Accordingly, such magnetic recording
device capable of holding signals produced by the both
recording methods 1is highly reliable.

25 A magnetic disk device as a typical example of the

magnetic recording device will be described.

The magnetic disk device comprises generally a shaft



- 99 for holding a single or a plurality of magnetic disks by penetrating
it or them a notor for rotating the nagnetic disk or2eDEKEMB8BRReIst ed t o
the shaft by interposing a bearing or bearings, a magnetic head for
recording and/or 5 reproducing data, an armattached with the head and an
actuator for noving the head via the head armto a desired position on the
magneti c recordi ng nmedium wherein the recording/reproducing head i s noved
above the magnetic recording nedium at- #%<onstant flying height. 10 Data or
information is recorded by the nagnetic_head, after it has been_converted
into recordifRy YT A SEIEF gal 2 pPbeedsi hY REaReINRGLEhERL SKSepoduci ng
signals taken by the nmagnetic head are converted inverselg by the signal
processi ng MSARESHerEby: a Peprotliced PAFOF nhPF ohCt2518dnthe BBCRISeS.
Information signals are recorded for each sector of ,the disk along tracks
formed concéhtT A ILSHheE YRTotePat P etiei shastaPYylREEEPAEG Befeen
sectors. The nmagnetic head takes the servo signal§ fromthe servo 20 pattern
wher eby t he i}?&%%r%r%a@dw%cﬁym%ea%%kiﬁgh%d Re EBRPEFIBE APY&CKk to
read the informatjon signals in the sect0£s Int%hehreﬁorgin .. the tracking
i s perfoPmed SO IR Qe fes R e abbvaC SR ntEE RhEREePT8%paT TR which 25
produces servqQ signals is used for the %racki i recording_information,
hi gh apcura@fﬁ%?%ﬁ? 't iU e q%%u??% .V#ﬁrpﬁ%rgeggnﬁgmatge?vo pattern
whi ch IS\M(%%Q&E%%[%%%% f%%%%gajmznmgnetic recording medium,
wherein the recording/reproducing head is moved above the
magnetic recording medium at a constant flying height.
10 Data or information is recorded by the magnetic head
after it has been converted into recording signals via a
signal processing means. Further, reproducing signals
taken by the magnetic head are converted inversely by the
signal processing means whereby a reproduced information
15 can be obtained.
Information signals are recorded for each sector of
the disk along tracks formed concentrically. The servo
pattern is usually recorded between sectors. The
magnetic head takes the servo signals from the serxrvo
20 pattern whereby the head performs correctly tracking to
the center of a track to read the information signals in
the sectors. In the recording, the tracking is performed
as well.
As described above, since the servo pattern which
25 produces servo signals is used for the tracking in

recording information, high accuracy is in particular

required. Further, since a servo pattern which is widely



- 100 wused at present is conprised of two sets of patterns for each track
wherein the patterns are shifted nutually by 1/2 pitchyDECEMBERQG®BSSaAry to
formthe servo pattern for each 1/2 pitch of information signals, and
accordingly, 5 double-precision is required. However, in the conventional
servo pattern formng nethod, the track width for witing of fromabout 0.2
to 0.3 pmwas considered to be |imt because of vibrations resulted in the
magneti c recording device in which the 100center of gravity of the outer pin
was different from that of the actuator. Accordingly, the accuracy of the
servo patteriFduttd Biotsenl | biv CARPEERARAOBf tVACFEASI A§ PREAEKNGeASIt Y.
Therefore, it was difficult to inprove recording density of the magnetic
recordi ng de’A%e R ovheseiediee RasEeraecardi Aglfecthaupraséit Pivnventi on,
however, a nmagnetic pattern of high output of reproducing signals, |ow

noi ses, hi ght /S NPfeh O/ N ahel 3pePFSabdufat fermcaRe eprEet PREF§TBe TP ned.
Accordingly, the servo pattern, 20 can be forned_accurately at .a very | ow
cost in a s M3 onbat i SoRF PRt FeIBBRTentRBnaFCSEAYBIPAtt er n
form ng nethod. For exanple, the track density of the nediumcan be

i ncreased t CHPIETMT YT Tote. TACERR U Rgly, the magnetic recording device
using the nedium of the 25 present invention can perforn1high density

D
recording. Furth&reVshentd pR&seCBRrRELSBRAY0SEY¥PeRASt8ed T ™ot i nuousl y

changi ng sermveothsc;c?,natl}?e C@Pacbke v%jétl n grzugrl %QI}/ng %ggg about 0.2 to

0.3 um was considered to be limit because of vibrations
resulted in the magnetic recording device in which the

10 center of gravity of the outer pin was different from
that of the actuator. Accordingly, the accuracy of the
servo pattern could not follow the demand of increasing
track density. Therefore, it was difficult to improve
recording density of the magnetic recording device and to

15 reduce cost.

According to the present invention, however, a
magnetic pattern of high output of reproducing signals,
low noises, high S/N and C/N and small modulation can
effectively be formed. Accordingly, the servo pattern

20 can be formed accurately at a very low cost in a short
time in comparison with the conventional servo pattern
forming method. For example, the track density of the
medium can be increased to 40 kTPI or more. Accordingly,
the magnetic recording device using the medium of the

25 present invention can perform high density recording.

Further, when a phase shift servo system is used,

continuously changing servo signals can be obtained



- 101 whereby the track density can be increased. Since the tracking under
the condition of a width of 0.1 umor less is possiblepphcghBganses y
recording is obtainable. As described before, in the phase shift servo
system 5 a magnetic pattern extending, for exanple, linearly in an

oblique direction with respect to the radial direction of the disk fromits
i nner periphery to an outer periphery 1is used. A pattern continuous to the
radial direction or a pattern oblique L01lthe radius was difficult to form
by 10 the conventional servo pattern form ng nethod for recording servo
signal s for @aerehy ackewhrfekt Aendi§k @as PeotBEEEaS&Ad comprecabed

cal cul ation or systemwas needed. _According to the present invention,
however, sineea¢king endeghthe ppeparecdneé a wasdkhcefr 8spordi BF tleShe 15
shape, and to irradiate energy beans to the mask, the pattern can easily be
forned. AccotdiPRFsibife %@Iguﬁﬁfnﬁééﬂél BefariRe pRaS®t3ArAPlServo system can
easily and econom cally produced in a short tine. Further, a nmagnetic
recordi ng devi cSofleprazeeehiatogervd syt RBsSahFEhipeBRIVS HiXgH Fensity
recording can be provided. 1In the wi.dely used conventional servo pattern
forming Ret O Yt Urd F 5CE8s8HBPRALTHA . alREgRERI®LCr eddPEPAG Ydevi &&
(drive), and then, a_servo, patternis formed with a servg witer for

excl usi ve ué@o}%g%?c@%%%c?50?oBhFhTﬁ%ﬁ?e%ECEOdFP§erﬁélégt%&H@&tﬂénkﬁﬁfservo
witer. The pin_of tge servo witer is.igserted into the openin formed in

either a fromt®stihcE GF atFedlShr PGELP ?rYhEOZGHDEEEﬁﬁEﬁe§G@§%rY

is used. A pattern continuous to the radial direction or
a pattern obligue to the radius was difficult to form by
10 the conventional servo pattern forming method for
recording servo signals for each track while the disk was
rotated, and complicated calculation or system was needed.
According to the present invention, however, since
it is enough to prepare once a mask corresponding to the
15 shape, and to irradiate energy beams to the mask, the
pattern can easily be formed. Accordingly, the medium
usable for the phase shift servo system can easily and
economically produced in a short time. Further, a
maghetic recording device of phase shift servo system
20  which permits high density recording can be provided.
In the widely used conventional servo pattern
forming method, a medium is assembled in a magnetic
recording device (drive), and then, a servo pattern is
formed with a servo writer for exclusive use in a clean
25 room. Then, each drive is attached to the servo writer.
The pin of the servo writer is inserted into the opening

formed in either a front surface or a rear surface of the



- 102 drive, and recording is conducted for each pattern along the track
whil e the magnetic head is noved nechanically. AccordeewDEgEMBERRBISES nmuch
time as about 15 to 20 min per . drive. Since the servo witer of exclusive
use and the s opening is fornmed in the drive, these operations have to be
conducted in a clean room and the processes were conplicated and

manuf acturing cost increased. In the present invention, the servo pattern or
the standard pattern for recording thel§8ervo pattern can be 10 recorded in
a lunp by irradiating energy beans through the nmask in which the pattern is
previousl y f&FHER. 2AECHREPhgtyy %ﬁeceléﬁivetﬁattf@rnEééﬁ pé tt&ried i % he
mediumin a short time by a very sinple manner., Thus, in the magnetic
recordi ng devfeet%dEh W%él%eﬁhﬁd$?ﬂnﬁhF%hh§8dthé Beved pachend cied Wor med,

t he above-nentioned servo, pattern wjiting step | s unnecessary. O in the
magneti c re%%ﬁ?ﬁ@&ﬁ%%%wc%th?%e%h@uﬁ%thﬁ?lﬁsmﬁPEHttﬁé $CarfaPd™ P& er n
for recordlg%fa servo pat%gﬁg is forned, €e5|red servo patt rn can be
witten based bt he FFSst asredfVpﬁat‘”f]?elrtr"leliri3 - gevFtEe Fhusithelgbove-
mentioned servo witer |s unnecessary n the clean roomis also
unnecessary. Oﬁﬁﬁiqﬁﬁlslﬁo?%e uhfets g¥§v?o F%?ﬁ?tﬁBQEBEﬁ R BEVFedP side of
t he nagnetlb reco n ddeV|ce and thereforg h is 25 %ﬁeferable fromthe
vi ewpoi nt of “Uurdb ?% atd 3af ety TRUPt haPe §PRcBTPRESHESK FS Shot br ought

to contact  wiif 0. TR, BTG 1 D, SRS L8007 6 20 CECENEES

In the present invention, the servo pattern or the
standard pattern for recording the servo pattern can be
10 recorded in a lump by irradiating energy beams through
the mask in which the pattern is previously formed.
Accordingly, the servo pattern can be formed in the
medium 1in a short time by a very simple manner. Thus, in
the magnetic recording device with the medium in which
15 the servo pattern 1s formed, the above-mentioned servo
pattern writing step is unnecessary. Or in the magnetic
recording device with the medium in which the standard
pattern for recording a servo pattern is formed, a
desired servo pattern can be written based on the
20 standard pattern in the device. Thus, the above-
mentioned servo writer is unnecessary, and work in the
clean room is also unnecessary. Further, it is
unnecessary to form the opening at rear side of the
magnetic recording device, and therefore, it is
25 preferable from the viewpoint of durability and safety.
Further, since the mask i1s not brought to contact

with the medium, a damage of the magnetic recording



- 103 medium by the contact with another structural nmenber or a danmage of
the medium due to the interposition of fine dust or faoBEgRMEBERI2065 Can be
prevented to thereby prevent occurrence of a defect. 5 As described above,
according to the present invention, the magnetic recordi ng device capable
of recording with high density is obtainable by a sinple way at a |ow
cost. Various kinds of nmagnetic head such as a thin film 10 head, MR head,
GWR head, TMR head and so on nay be used03 By constituting the reproducing
portion of the magnetic head by the MR head, a sufficient intensity of
signal can meAbYLdprethevernachi YhtleAsPEheresbrdchyradndeabam@ieta c
recordi ng device of high recordin densitﬁ can 15 be realized. Wen the
magneti c heatRMadepvedtae Iaeqiwmnéuﬁeitghtﬂ SofNRBEPPESS 1PRar f0 f16E }, m but
not nmore than 0.05 }im the output of signal is inproved, and the device
having a highs'S/ N chpr dedbbrar hed. cTheRe BTAREGREEHC tPeEHEdRY 20 devi ce of
| arge capacity and being highly reliable can be provided. Further, when a
si gnal proce¥sFYRI ei PeTHfracedrafng “ede8atmaxi mum i kel i hood record met hod
is conbined, the recording_density can further be _inproved. For exanple, 25
a sufficient S/ N*eafeperdbbedi ABAVEYeRCHREALPECSPIItRG &SSP oducing i s
performed with a track density of 13 KTPI _ . or nore, a linear r%cording

density of 250VKEEIOBr Wot P29 DECEMBERCSGBBEY device capable o

recording with high density is obtainable by a simple way
at a low cost.

Various kinds of magnetic head such as a thin film

10 head, MR head, GMR head, TMR head and so on may be used.
By constituting the reproducing portion of the magnetic
head by the MR head, a sufficient intensity of signal can
be obtained even in high density recording, and a
magnetic recording device of high recording density can

15 be realized.

When the magnetic head is moved at a flying height
of not less than 0.001 um but not more than 0.05 um, the
output of signal is improved, and the device having a
high S/N can be obtained. Then, a magnetic recording

20 device of large capacity and being highly reliable can be
provided.

Further, when a signal processing circuit according
to a maximum likelihood record method is combined, the
recording density can further be improved. For example,

25 a sufficient S/N can be obtained even when recording or
reproducing is performed with a track density of 13 kTPI

or more, a linear recording density of 250 kFCI or more



- 104 and a recording density of 33 bits ore nore per square inch.

Further, the intensity of signals can further be increasedEdMBER®IEL | tUting
t he reproducing portion of the 5 nagnetic head by a plurality of conductive
magnetic | ayers which cause a | arge change of resistance due to a relative
change of nutual magnetization directions by the application of an external
magnetic field and a GVR head conprising a conductive non-nmagnetic |ayer or
| ayers 10 di sposed between the plural +t¥06éf -conducti ve nmagnetic |ayers or a
GWR head utilizing a spin-valve effect. Wth wuse of such nagnetic head, a
hi ghly desiFﬁhiéiﬁﬁ@ﬁﬁ@%ﬁgr@ﬁ%ﬁﬂ?%goée%@cglﬁévPﬁﬁ ACFECcHFdI AFYGefsity of
10G bits or, mpre per square inch and a linear recording density of 15 350
KFCl or mor el be realized. The entire disclosure of Japanese Pat ent
Applications No. 2001-238698 filed on August 7, 2001, No. _2001-326407 filed
on Cctober 24, Z00Atho. 20B011842BF8CYf PFedlgRNSvERPer U§ L SG0Pand No.

2002- 099124 filed on gg efril 1, 2002 including_specification, clains,

drawi ng andTSTRAFSA dt% THEOT porat®d HeF ef APBy e BFeREECLAN P &Rtirety.
(EXAMPLES) Now, the present invention will be gescribed in 25 further

detai| Wit h RO EodINar BRArDI BLT RhWEYePE ToRCSREUE BESHRGSFst ood ¢ hat

the present \imventign iie by, no ,mpans.restricted Lo sueh, speglli ¢ Banles.

relative change of mutual magnetization directions by the
application of an external magnetic field and a GMR head
comprising a conductive non-magnetic layer or layers

10 disposed between the plurality of conductive magnetic
layers or a GMR head utilizing a spin-valve effect. With
use of such magnetic head, a highly desirable magnetic
recording device having a recording density of 10G bits
or more per square inch and a linear recording density of

15 350 kFCI or more can be realized.

The entire disclosure of Japanese Patent

Applications No. 2001-238698 filed on August 7, 2001, No.
2001-326407 filed on October 24, 2001, No. 2001-344618
filed on November 9, 2001 and No. 2002-099124 filed on

20 April 1, 2002 including specification, claims, drawing
and summary are incorporated herein by reference in its
entirety.
(EXAMPLES)

Now, the present invention will be described in

25 further detaill with reference to Examples. However, it

should be understood that the present invention is by no

means restricted to such specific Examples.



- 105 EXAMPLE 1 A N P-plated alum num alloy substrate having a dianeter of
3.5 inches was washed and dried, and 60 nmof N A, 16 ppeeiBErRD1O 12
nm of Co64Cr16Pt 12BB as a 5 recording layer and 5 nm of carbon (dianond-Iike
carbon) as a protective |ayer were fornmed thereon under such conditions
that ultimte vacuum degree: 1x10-7 Torr, substrate tenperature: 350C, bias
vol tage: -200V, sputtering gas: Ar and gas pressure: 3x103 Torr. 10 As a

| ubricant layer, a fluorine type |ubrircdahd was coated in a thickness of 0.5
nm and baked at 100C for 40 mnutes to obtain a |ongitudinal magnetic
recordi ng dis=i®Hayihg a static coercive force of 3,600 OCe and a saturated
magneti zation of 310 enu/cc _at_roomtenperature. 15 The di sk surface was
uni formy nagnet$z%HPb?lébﬁ@yﬁﬁbménHﬁgggﬂpﬁ FHEPE REEhNAN LAt énsity of about
10 kCe (about 10 k Gauss) to this disk so that the directiqgn_of nagnetic
field by a peraRfled Paghet Wothes beasneashpe 2ad thaedir et 64 &M ©dt ati ng
the disk. 20 A substrate of quartz glass having a square shape of 127 nmm X
127 mm and a't ckhesdm of £ X Boffrwas! LdEd ?%rc%‘lcﬁkﬁ%tt@h%@s@.s 75 nm of

chrom um and 25 of chrom um oxi de re successivel ormed on the

Cur Tace 5r CHE ety a8 ST ahnos tHE OF SkaraHG . SnLaiealr of KBt CAPRG

pattern area) 25 was etched to forma ngn-trgngg&ssiveugartion avi ng the
r

mi ni mum wi dtdt ¢t PRt et 028 tinY ¢HS 8t O F FFRe Fti 8H“8nd a space

portion). Ancoanrc%atlocgrrﬂsert}tlgt?nu Qfmgge D\E%&/E%Rdggogge: 1x1077 Torr,

substrate temperature: 350°C, bias voltage: -200V,
sputtering gas: Ar and gas pressure: 3x107° Torr.

10 As a lubricant layer, a fluorine type lubricant was
coated in a thickness of 0.5 nm and baked at 100°C for 40
minutes to obtain a longitudinal magnetic recording disk
having a static coercive force of 3,600 Oe and a
saturated magnetization of 310 emu/cc at room temperature.

15 The disk surface was uniformly magnetized by
applying a magnetic field with an intensity of about 10
kOe (about 10 k Gauss) to this disk so that the direction
of magnetic field by a permanent magnet would be the same
as the direction of rotating the disk.

20 A substrate of quartz glass having a square shape of
127 mm X 127 mm and a thickness of 2.3 mm was used for a
photomask. 75 nm of chromium and 25 mm of chromium oxide
were successively formed on the surface of the substrate
facing the disk, and an area for etching (a pattern area)

25 was etched to form a non-transmissive portion having the
minimum width of pattern of 0.8 uym (0.8 um for a line

portion and a space portion). An area other than the



- 106 area for etching (pattern area) is a non-transm ssive portion
conprising the chromumlayer and the chrom um oxi de RENECEMBRR 2005
reflectivity of the thus obtained photonmask to excimer pul se | ayer having a
wavel ength of 5 248 nmwas 16% at the non-transm ssive portion and 5% at

the transm ssive portion. Then, a non-photosensitive polyimde resin was
coated uniformy in a thickness of 2.5 pmon the photomask, and a

phot oresi st was coated thereon in a 10 1®%ckness of 0.2 pm Then, light from
a high pressure nercury |anp was irradi ated, for broad band, exposure

through a m&es dox (frtrf%/l'ﬁd“-br HECHF ORI Thent S YeVePophBRETWERVEl kal i ne
liquid and etchi.ng were conducted, and the remainin Qotoresi st was
renoved to PSH M%%?W%.t%eﬁr‘?%u‘bhiﬁ%%sﬂnaag BakBHORLUB50C for

15 minutes to .cure projections qf polyimde resin. . The mask for form ng
proj ect i ons XS ﬁaé/ sk 'ekée?f&rerﬁtﬁé[\ﬁtﬁfg oafr &lﬁ'%ett@rs d?b%ﬁj’ﬁtﬁcg& 5 inch

wherein non- _circul ar transm ssive portjons having a dianeter of 5 m 20
wer e arrangé’&‘oé:ton}arﬁ%ert\f)alesx%lfmefbcplb%‘? ni%%e]é?%%vb%gfi Y3veas™ 'ﬂgrgdi us.

Thus, there s obt ai nable the .phot onask wherein the ttern area s forned

In an arda 20F {8 FGUS HmTh Fii U E SGbSTARTi BPT b1 etfans S0

proj ections %lsep%cers%[}.hav.i\peq paolroei ht of 2.5 pmand a 25 dianeter of 50 pm
at f

t r.a 1S§1 . - . . .
wer e arrange iNEHva s’ o min a circunferential portion of the

pattern area i in {0° (A00S:0f47:40 481Ukt AT adkyy yhLeh was an

coated uniformly in a thickness of 2.5 pm on the
photomask, and a photoresist was coated thereon in a

10 thickness of 0.2 nm. Then, light from a high pressure
mercury lamp was irradiated for broad band exposure
through a mask for forming projections. Then,
development with alkaline liguid and etching were
conducted, and the remaining photoresist was removed to

15 form projections. Then, the photomask was baked at 350°C
for 15 minutes to cure projections of polyimide resin.

The mask for forming projections was in a disk-like

form having a diameter of about 3.5 inch wherein non-
circular transmissive portions having a diameter of 50 pm

20 were arranged at intervals of 100 pm in an area of 47 to
48 mm in radius. Thus, there was obtainable the
photomask wherein the pattern area was formed in an area
of 18 to 45 mm in radius, and substantially circular
projections (spacers) having a height of 2.5 pym and a

25 diameter of 50 pym were arranged at intervals of 100 pm in

a circumferential portion of the pattern area, i.e., in

the range of 47 to 48 mm in radius which was an outer



- 107 - periphery other than the pattern area. The photomask was rotated
integrally with the magnetic disk at a speed of 3.2 secDpPEEMBERQbAst i on.
Then, the printing of nmagnetic pattern was conducted under the 5 foll ow ng
conditions. An exciner pulse |aser having a wavel ength of 248 nm was
controlled to have a pulse width of 25 nsec, a power (energy density) of
160 mi/cnR2, and a beam shape of 10 nmx 30 mm (a di anmeter corresponding to
1/e2 of the peak energy); a shading plat® for forming the 10 beam shape into
a sectorial shape having an angle of 12 was di sposed at the | aser

i rradi ati onPFEHPREEHd O&%’iesre& 81%a§§¥e W59 adiEted with 32 pulses at a
repetitive frequency of 10 Hz (irradiation period: 100 ec), and at the
sane time, a na E@(i%%oé‘}a(f}%\d\éasap’ﬁ?l}ae"cﬁ‘%\j Jcrhg?%ag%yrﬁﬁbﬁgfpaefi el d appl yi ng
means shown in Fig. 3., In obtaining the heating tenperature by sipul ati on,
A A S AR e AL L el THE S e S SOttt
was found thglte a magnetic field of, about 1.7k Gauss_in i

ci rcunf er en&8Sr 8GN 1S Poc FEIIE 150 Rt LT dias TFRSaC x llb’ir‘]g‘g%etla?sk and
about 1.9k %a S i.n _an out.er. circugferent.ial re ionl(a%Io ati.on of a radius
of 46,5 ) Soas CHENEy SORGHHISEHS 1 A e R CATES BHLA LT Toltram i t he

ti di sk d di ti it ta-th i.f ti ti by th
br esence of "G 12858 e MEGRETe SEX 10 0. SR fers By StpRiU NG &
pul se-1ike 8&%&%@%%26 OV ouled RS B SR G} S, 28850 48P/ o PU - T ke

magnetic 20

beam shape of 10 mm X 30 mm (a diameter corresponding to
1/e* of the peak energy); a shading plate for forming the

10 beam shape into a sectorial shape having an angle of 12°
was disposed at the laser irradiation port, and pulsed
laser was irradiated with 32 pulses at a repetitive
fregquency of 10 Hz (irradiation period: 100 msec), and at
the same time, a magnetic field was applied with the

15 magnetic field applying means shown in Fig. 3. 1In
obtaining the heating temperature by simulation, it was
found that the temperature was from about 170°C to 200°C.

Namely, it was found that a magnetic field of about

1.7k Gauss in an inner circumference region (a location

20 of a radius of 21 mm) of the disk and about 1.9k Gauss in
an outer circumferential region (a location of a radius
of 46.5 mm) was always applied in a circumferential
direction of the magnetic disk, and a direction opposite
to the uniform magnetization by the presence of the

25 permanent magnets 22a to 224d.

Further, by supplying a pulse-like current of 700V

to the air-core coils 28a, 28b, a pulse-like magnetic



- 108 field of about 1.7k Gauss in an inner circunferential region (a

| ocation of a radius of 21 nm of the disk and about 32y BEcEauss 2065 an outer
circunferential region (a location of a radius of 46.5 nm of the disk was
5 generated with a pulse width of 350 psec around the coils. At this
nmonent, the value of the pulse width of the second external magnetic field
was 35/10,000 tinmes as nuch as the irradiation period of the energy beans.
As shown in Fig. 3(b), since the magneti@s3f+eld by 10 the air-core coils
28a, 28b subserves the magnetic field by the permanent magnets 22a to 22d,
t he maxi muminkedwetifc akiaud] d -ofk dbpias inlamairser n"CarcinAereskiadnt erenti al
region of the disk (a location of a radius of 21 and about 3.8k Gauss
in an out er reigreunf(er divdadliarediforp ofadBis hef dikknpa ¢bchhfoRdisk anfadi us of
46.5 mm was applied in total. Fig. 6 shows a tenporal relation between the
pul se of nmadeett & -PikelGhuEfd hett reyer pifedEnforenaset radieRample 1. In
Exampl e 1, excinmer pulse |laser was 20 irradi ated about 4 psec after the
enittance oflodaéiofyidger dlises 1o 4@sermmasctintles sEo9d ¥adm Fig. 6,

timng was adjusted so that the pulse_|laser was irradiated when the

i ntensity ofSrIREaFEGhSttd & - SHothe the ki weRt 250TRE SPPUEPHLE -of the
optical systemfor |laser irradiation used in this Exa e | s as foll ows.
The pul sed | asét d<tid IBARY 1 ontanv@xeF net poafsB §§rerp’l§(§hDEéEl9§ER 2005

second external magnetic field was 35/10,000 times as
much as the irradiation period of the energy beams.

As shown in Fig. 3{(b), since the magnetic field by

10 the air-core coils 28a, 28b subserves the magnetic field
by the permanent magnets 22a to 22d, the maximum magnetic
field of about 3.4k Gauss in an inner circumferential
region of the disk (a location of a radius of 21 mm) and
about 3.8k Gauss in an outer circumferential region of

15 the disk {(a location of a radius of 46.5 mm) was applied
in total.

Fig. 6 shows a temporal relation between the pulse
of magnetic field and the trigger pulse for laser in
Example 1. In Example 1, excimer pulse laser was

20 irradiated about 4 usec after the emittance of the
trigger pulse for laser. As understood from Fig. 6,
timing was adjusted so that the pulse laser was
irradiated when the intensity of the magnetic field
became the maximum.

25 The structure of the optical system for laser
irradiation used in this Example is as follows. The

pulsed laser oscillated from an excimer pulse laser



- 109 source is passed through a programmabl e shutter which serves to take
only a predeterm ned nunber of pulses from the |aser somweEcEMBERS®E sel ect ed
by the programmabl e shutter is 5 subjected to adjustnment of power to have a
predeterm ned power. Then, the laser is passed through a prismarray in
which the laser is divided into three portions in a short axis direction
and a prismarray in which the laser is divided into seven portions in a

|l ong axis direction, 10 and then, the-|asér-reaches a projection |lens. The
prism arrays function to divide and superinpose the | aser so as_ to

equal i ze thesdiEnst$ WPaFsed | PrrPesior ehepgyFhéseshpEitem aliays are
sonetines referred to as honogeni zers. The |aser is passed through a

shadi ng pl atservgs requides, onby td pesecheprededenhithed Shapelersbéad™ and i s
passed through a photomask in which the intensity distribution is changed
accordi ng t&hhelarRjhelderPattern, to be projected onto the disk.
COVPARATI VE EXAMPLE 1 20_A nqgnetic di sk was prepared in the sanme manner as
Exanpl e 1. The stR$@EesotctheddP¥kthasPraghatinebde GRUESSA Yoy appl ying a
magnetic field with a permanent nagnet so that the direction of the

magnet i ¢ 5f i 4YPIRE T He® A alsmehe of rBRYFBNtof NeBEati RSFRESITIRSENd t he
25 magnetic field hagwfn intensity of about 10 kOe (.about , 10k Gauss). Then,
the printin®P¥feh mas€patté Bra\ﬁe?sr condiftt X RPoPPE array

in which the laser is divided into three portions in a
short axis direction and a prism array in which the laser
is divided into seven portions in a long axis direction,

10 and then, the laser reaches a projection lens. The prism
arrays function to divide and superimpose the laser so as
to equalize the intensity distribution of energy. These
prism arrays are sometimes referred to as homogenizers.
The laser is passed through a shading plate, if required,

15 to have a predetermined shape of beam, and is passed
through a photomask in which the intensity distribution
is changed according to the magnetic pattern, to be
projected onto the disk.
COMPARATIVE EXAMPLE 1

20 A magnetic disk was prepared in the same manner as
Example 1. The surface of the disk was magnetized
uniformly by applying a magnetic field with a permanent
magnet so that the direction of the magnetic field was
the same as the direction of rotating the disk and the

25 magnetic field had an intensity of about 10 kOe (about
10k Gauss).

Then, the printing of a mask pattern was conducted



- 110 in the sanme manner as Exanple 1 except that a magnetic field of
about 2.1k Gauss in an inner circunferential region o010 DEEEMBEK2(& | ocati on
of a radius of 21 mm) and about 2.7k Gauss in an outer circunferential
region of 5 the disk (a location of a radius of 46.5 nm, which was
generated by only pernmanent magnets, was applied in a circunferenti al
direction of the magnetic disk and the direction opposite to the uniform
magneti zati on. Evaluation 10 On the naghett+c di sks obtained in Exanple 1
and Conparative Exanple 1, nagnetic patterns were reproduced wth the M
head for hard dilsk $RNE MPRNST A h BFepPhgbhck<cePenthetof Da4ngMiCand C/ N
and the nodul ation of = reproducing signals were neasured. A results is shown
in 15 Tabl &1 oy N (Jd}b)%'“[‘)‘élﬂﬁl5 a%lilo?ﬁn(%‘ngaﬁiﬁémﬁé.rﬂﬁlal

Conpar ati vel6. 555 Exanple 1, EXAMPLE 2 A Ni P-plated_alum nosilicate gl ass
substrate h&AHPT K- &RF dietler (%fl‘??%t?%h‘ég @va%aﬁ%léﬁaiaéd?laﬁﬂ)aaﬁ‘%gneti c
di sk having a dianeter of 2.5 inches was prepared by ,formng the _recording
|l ayer and s&RsttaccoliFRPid thed! sankShrotbduresasFhaExaRpFe™1°fAs a

| ubricant | r fluorjn | ubri can 20 DE ER 2
ubrica g %ﬁ%’df@k %g)ioggéggf oybalggdiugﬂgf 26.5%%¥?, wh?gg was

generated by only permanent magnets, was applied in a
circumferential direction of the magnetic disk and the
direction opposite to the uniform magnetization.

Evaluation

10 On the magnetic disks obtained in Example 1 and
Comparative Example 1, magnetic patterns were reproduced
with the MR head for hard disk having a width of playback
element of 0.4 um, and C/N and the modulation of
reproducing signals were measured. A results is shown in

15 Table 1.

Table 1

C/N (db) Modulation (%)
Example 1 20.2 13
Comparative
Example 1 16.5 >5
EXAMPLE 2

A NiP-plated aluminosilicate glass substrate having
20 a diameter of 2.5 inches was prepared, and a magnetic
disk having a diameter of 2.5 inches was prepared by
forming the recording layer and so on according to the
same procedure as in Example 1.

As a lubricant layer, a fluorine type lubricant was



- 111 coated on the disk in a thickness of 0.5 nmand baked at 100C for 40
m nutes to obtain a longitudinal nmagnetic recording dickEdEMBER2@5St atic
coercive force of 3,800 Ce and a saturated magnetization of 310 enu/cc at
room5 tenperature. The disk surface was uniformy magnetized by applying a
magnetic field with an intensity of about 10 kOCe (about 10 k Gauss) to this
disk so that the direction of magnetic field by a permanent magnetic would
be the 10 sane as the direction of rotatihng-the disk. A doughnut-Ilike
substrate of quartz glass having an outer dianeter of 95 nmm an inner
di anet er of CHRGHAA avd @ t®iekne’dsa ofR2cBnaRFwaS Osednornd pRGEEEMASK. 100
nmof silicon and 30 nmof Si 2 were successively formed on the 15 surface
of the substyl’e faci df therudiesk tarmpanirareal degltwdioh hgndengaicern area)
was etched to forma non- transm ssive Eortion havi ng the m ni rum wi dt h of
pattern of TEEF LAY OIBIK UPRYHRY a2 | Fhet por EPBACANE acsp&cef PBoPPloRE. The
area other than the area for etching 20 (pattern area) is a non-transm ssive
portion conpiSichgather 3¢ i B¢ ayertafd Phed SPORMPAGEr 2ETHECRef | ectivity
of the thus obtained photonmask to excinmer pulse |aser having a wavel ength
of 248 nf WSS F%Ht e non- transmi ssive portion and 5% at the
transm ssive portion ,2}? TheE, a sgacer ,?f Cﬁ, | ayer was %r%vi ded in a
circunferential %‘?tﬁibﬁ of Ut he-pat't &r K ar 8a™by HEPPELGRE Oifet hod. Nanel vy,
the mask 'néggf¥}§§”§“£§5££%i¥ giéf&'%Et%anEgEQgggiggogf about 10
kOe (about 10 k Gauss) to this disk so that the direction
of magnetic field by a permanent magnetic would be the
10 same as the direction of rotating the disk.
A doughnut-like substrate of gquartz glass having an
outer diameter of 95 mm, an inner diameter of 10 mm and a
thickness of 2.3 mm was used for a photomask. 100 nm of
silicon and 30 nm of Si0, were successively formed on the
15 surface of the substrate facing the disk, and an area for
etching (a pattern area) was etched to form a non-
transmissive portion having the minimum width of pattern
of 0.33 um (0.33 um for a line portion and a space
portion). The area other than the area for etching
20 (pattern area) 1s a non-transmissive portion comprising
the silicon layer and the Si0O; layer. The reflectivity
of the thus obtained photomask to excimer pulse laser
having a wavelength of 248 nm was 30% at the non-
transmissive portion and 5% at the transmissive portion.
25 Then, a spacer of Cr layer was provided in a

circumferential portion of the pattern area by a lift-off

method. Namely, the mask in which substantially circular



- 112 projections (spacer) having a height of 0.5 pmand a dianeter of 50
pmwere arranged at intervals of 100 pmin an area of 2BBEGEMBERZ2006 nm i n
radius in an outer circunferential portion other than the pattern area, was
5 obtained. The photonmask was overlaid on the magnetic disk. Air between

t he photomask and the magnetic di sk was sucked w th a vacuum pressure of
-40 kPa to bring the photomask into close contact with the magnetic di sk,
and they were 10 rotated at a speed of Bl2 sec per revolution. Then, the
printing of magneti.c pattern s .conduct e qgggr tpe ollomjgg condi ti ons.

An excimer PEPIEEISES HaHATFR Realeterfyt 243" N W™ cONEr Bl 1 ed to have
ool e W el 0L 5 e e (ner e of, 53 g, g
havi g an- afd E70R B it I shodeck dF° T THOIS [ Th ot At PORT por t . and puised
ocer wes ool gbad 1) 00 SN e 0 opEL) Ly 20, ooy ol 20

applied ¥jthb h§ne%§gnetic field applying neans shown in Fig. 3. In
obt ai ni ng t & ﬁeatiﬁg tenperature by sinulation, it was found that the

tenperature was Tffhreo hacpcooqria}%z 8%%@99&@50!}'&&%3/111%%#’28 &?Hﬂd that a

magnetic field of about uss Tnan inner cir rential regron of

the disk (%ek%%%%?%%EP%H%eéﬁﬁéﬁiéHd]éhé”ﬁaéﬂgkf%“%EsQ~ﬂa§ g&cﬁggENBER 2005

with a vacuum pressure of -40 kPa to bring the photomask
into close contact with the magnetic disk, and they were
10 rotated at a speed of 3.2 sec per revolution. Then, the
printing of magnetic pattern was conducted under the
following conditions. An excimer pulse laser having a
wavelength of 248 nm was controlled to have a pulse width
of 25 nsec, a power (energy density) of 53 mJ/cm? and a
15 beam shape of 5 mm X 30 m (a diameter corresponding to
1/e* of the peak energy); a shading plate for forming the
beam shape into a sectorial shape having an angle of 6°
was disposed at the laser irradiation port, and pulsed
laser was irradiated with 64 pulses at a repetitive
20 frequency of 20 Hz (irradiation period: 50 msec), and at
the same time, a magnetic field was applied with the
magnetic field applying means shown in Fig. 3. In
obtaining the heating temperature by simulation, it was
found that the temperature was from about 170°C to 200°C.
25 Namely, it was found that a magnetic field of about
1.4 k Gauss 1in an inner circumferential region of the

disk (a location of a radius of 17 mm) and about 1.4 k



- 113 Gauss in an outer circunferential region of the disk (a |[|ocation of
a radius of 30 mm) was always applied in a circunferepipetEMBERCSGSON Of the
magnetic disk in a direction opposite to the uniform nmagnetization by the 5
presence of the permanent magnets 22a to 22d. Further, by supplying a
pul se-like current of 900 V to the air-core coils 28a, 28b, a pulse-like
magnetic field of about 2.4 k Gauss in an inner circunferential region of
the disk (a location of a radius of 17 bh} and 10 about 2.5 k Gauss in an
outer circunferential region of the disk (a |location of a radius of 30 nm
was gener at éRUS4 tN @TpR et G e erfgoepserl af eghant Aé EBRI d1skt (Ehis
nonent, the value of the pulse width of the second external .magnetic field
was 9/ 5, 000 ¥q97s s Gfuch radies @hed§ riali es ol ey odPBl 1efe 18nér gy bears.
As shown in Fig. 3(b), since_the magnetic field by the air-core coils 28a,
28b subser vesi FHE Jl%lfC?JeIT%Ctb?/nt%% b%?n*ﬁﬁ%?thﬁgﬁéﬁlé 2Dadto 22d, the
maxi mum magnetic field of about 3.8 k Gauss in an inner circunferential 20
region of t KB A Qe IR T oh of ‘éhe?a‘élnhgoﬁff‘ BFIRFY) 1 2REICBLBYt L8329 k Gauss
in an outer cwcum‘erentlal region of the disk (a location of a radius of
32 m) wds APPSEFS L tidtare ?%W%IPQF%I%@?OEOb%?%en the pul se of the
25 magnetic field and the trigge ul se for | ase is the sane as in
Exanple 1, and t e Cost r%t?gﬁp{ﬁ%ﬂe trLF‘Eai E?sf: ﬁfﬁgédo\ﬁaéotohél same as
in Exanpl 1(329m9%gﬁw%%§gqg§lls 28a, 28b, a pulse-like magnetic
field of about 2.4 k Gauss in an inner circumferential
region of the disk (a location of a radius of 17 mm) and
10 about 2.5 k Gauss in an outer circumferential region of
the disk (a location of a radius of 30 mm) was generated
with a pulse width of 90 usec around the coils.
At this moment, the value of the pulse width of the
second external magnetic field was 9/5,000 times as much
15 as the irradiation period of the energy beams.
As shown in Fig. 3(b), since the magnetic field by
the air-core coils 28a, 28b subserves the magnetic field
by the permanent magnets 22a to 22d, the maximum magnetic
field of about 3.8 k Gauss in an inner circumferential
20 region of the disk (a location of a radius of 17 mm) and
about 3.9 k Gauss in an outer circumferential region of
the disk (a location of a radius of 32 mm) was applied in
total.
The temporal relation between the pulse of the
25 magnetic field and the trigger pulse for laser light is

the same as 1in Example 1, and the construction of the

optical system used was the same as in Example 1.



- 114 COVPARATI VE EXAMPLE 2 A magnetic di sk was prepared in the sane manner
as Exanmple 2. The printing of a mask pattern was condecbEdEMBERR@S 5 sane
manner as Exanple 2 except that the space between the nagnetic disk and the
mask was kept to be 0.5 pm w thout sucking air between the magnetic disk
and the mask, and a | aser power of 63 mJ/cnR was irradiated. Evaluation 10
On the magnetic disks obtained in Exanple 2 and Conparative Exanple 2,
magneti c patterns were reproduced w thltthe-MR head for hard di sk having a
wi dt h of playback element of 0.4 pmto neasure the rate of occurrence of
sub- pul ses. TOMPARMPIEE 2EXpHBLEaRe of occurrence of sub 15 pul ses was 12%
and in Conparative Exanple 2, the rate of occurrence of sub-pul ses was 22%
Thus, it was conkiRragacetif BraHphes? PrRRRLISRe 15ctde e JraEiRr pif ses coul d
be suppressed. According to the present invention, since the second 20
external magfedTRl¢iel d has a pul se-1ike magnetic field conponent, a heated
area can be magnetized well w thout affecting adversely a non-heated area
around the heat eBheaPEAnEVEA RfieR FTREXPBPSESTK#FAFaGREITHC TSR cIMponent i s
| arger than the static coercive force at roomtenperature. 25 Further, there
is littl & posdMdiTeRyet haf hHPERSSareSXGBREr 4P8¢ FheaFPaAEa BHWGET s

previ ously magneti zed ,unéf0£n1¥ or . that nagnetic pattern aonce forned is
20 DECENBER‘?@%S“agneth 1sk and the mask was kept to be 0.5 um

without sucking air between the magnetic disk and the
mask, and a laser power of 63 mJ/cm® was irradiated.

Evaluation

10 On the magnetic disks obtained in Example 2 and
Comparative Example 2, magnetic patterns were reproduced
with the MR head for hard disk having a width of playback
element of 0.4 um to measure the rate of occurrence of
sub-pulses. In Example 2, the rate of occurrence of sub-

15 pulses was 12% and in Comparative Example 2, the rate of
occurrence of sub-pulses was 22%. Thus, it was confirmed
in Example 2 that the occurrence of sub-pulses could be
suppressed.

According to the present invention, since the second

20 external magnetic field has a pulse-like magnetic field
component, a heated area can be magnetized well without
affecting adversely a non-heated area around the heated
area even when the pulse-like magnetic field component is
larger than the static coercive force at room temperature.

25 Further, there is little possibility that noises are
generated in an area which 1s previously magnetized

uniformly or that a magnetic pattern once formed is



- 115 erased. A fine magnetic pattern having a high output of reproducing
signal, high SSNand CN and a snmall nodul ati on can etfsotiMBky 2608 f or med
even in a nedium5 having a |large dynam c coercive force which is usable for
hi gh density recording. Further, a magnetic recording mediumand a nagnetic
recordi ng device capable of high density recording can be produced
economcally in a short tinme. 20 DECEMBER 2005 - 116 CLAIMS: 1. A nethod
for formng a magnetic pattern by appkyiLh§ -a first external magnetic field
to a magnetic recording medium having a magnetic |ayer to magneti ze
uniformy th%r%ﬁﬁﬁgnetic | ayer in a predeterm ned direction and heating

|l ocally the nagneti¢ |ayer while a second external , magnetic field is
appl i ed t her et o, 2wheR8bY2PRe heaPed tepbr FRFATFs AnBgHet iP2é®Yth tthe direction
opposite to the redeterm ned direction, wherein the second external 10
magnetic fi eTPRASIG P S ike AhgRefit PPEI 4/ YoRPEnEnE™a12. The method for
formng a magnetjc pattern accordin toGaHn&\mmemthepMSemdﬂld
t he pul se-| iKY Eééﬁi%a?i% e%Bh%%%%n?eoFOFWE sE¥¢GRd 1 BxPePRI: Yagnet i ¢

field is _10Q nsec or |ess. %? 3..The net hod %or forﬁin a nm g%éjcgggttern
according t& G it 1,2 Wher &Yt he pUFsE W dth 6F écguﬁ§eyli € etic
field CO”DOWﬂEhF§e££T%§e%@@QrS%ﬁSf”%huﬁ¥%¥¥'é’magnetic recording

medium and a magnetic recording device capable of high

density recording can be produced economically in a short

time.



field is 10 nsec or less. 4. The nethod for formng a nagnetic pattern
according 20 to any one of Clains 1 to 3, wherein the20BHOEMBERR@Fer 1S
heated |l ocally by energy beanms. 5. The nmethod for form ng a magnetic pattern
according to Claim4, wherein the energy beans are irradiated to the
magnetic | ayer through a mask. 25 6. The nmethod for form ng a magnetic
pattern according to claim5, wherein the energy beans are irradiated in a
state that the mask is in contact with &téleast a porti on 20 DECEMBER 2005 -
117 - of the_magnetic recording nmedium 7. The nethod for formng a nagnetic
pattern acc -%@; to any one of Clains 4 to 6, wherein the energy beans are
pul se-1i ke ener beans, 8. _The nmethod for formn gnetic pattern
according tlo O%i%R %1 ?%l%O¥%én%u?s@a9P8FﬁcoPaF%§r§e En@PPextEhal fiel d

is 1/2 tinmes ar, less as |arge as the rradi ation erlod of the pulse-like
ener gy beans: 16X SHERATHG FEOTD n%l%f‘grabﬂe?lré %’é\?FéFanEEGfi&Pﬁg 10 to

d 7 8, wh th I dt f th - k b 1
psc or | esdedg B i ATt of gk ﬁa&ﬁﬁ%@tbé{e?apa?a%{n&wﬁiﬁ% 't
any one of Cla 1 t.o 9 wher e magnet rec m.

TR, RGBS QR ri) o REC T TG i FbEE T ORCBY SF R PHFSt Jand
second external qﬁgtlc f| Ids s a CIﬂC nferenti al raggﬁl direction
of the nedlun1 or perp T ar®X¥o the' dauﬁ1sur?ace

magnetic field is applied thereto, whereby the heated
portion is magnetized in the direction opposite to the
predetermined direction, wherein the second external

10 magnetic field has a pulse-like magnetic field component.
2. The method for forming a magnetic pattern according
to Claim 1, wherein the pulse width of the pulse-like
magnetic field component of the second external magnetic
field is 100 msec or less.

15 3. The method for forming a magnetic pattern according
to Claim 1, wherein the pulse width of the pulse-like
magnetic field component of the second external magnetic
field is 10 msec or less.

4. The method for forming a magnetic pattern according

20 to any one of Claims 1 to 3, wherein the magnetic layer
is heated locally by energy beams.

5. The method for forming a magnetic pattern according
to Claim 4, wherein the energy beams are irradiated to
the magnetic layer through a mask.

25 6. The method for forming a magnetic pattern according
to Claim 5, wherein the energy beams are irradiated 1n a

state that the mask is in contact with at least a portion



and the direction of the first external magnetic field is opposite to the
direction of the second external magnetic 20 field. 120DEOEMBERROG foOr
form ng a nmagnetic pattern according to any one of Clains 1 to 10, wherein
the second external nagnetic field is sinultaneously applied to the entire
surface of the nediumto forma nmagnetic pattern. 25 12. The nethod for
formng a magnetic pattern according to Claim1ll, wherein the magnetic
recording mediumis a disk-1ike nmagnetié&’recordi ng medi um having a di aneter
of 20 DECEMBER 2005 - 118, 2.5 inches or _less. 13. The method for form ng a
magnetic pat?lermadtdF e hyC ’E%C%ﬁélﬁﬁem%‘fh@“ai m 1 to 12, wherein the

maxi mum intensity of the_second external magnetic field is at 5 |east 2/3
times as muc 'asT]g‘ﬁemgF]a‘PTlc Bbef BF Ve o cBagF et ffe PREGTET) GSFESHTShg nedi um

t t t . 14. . T t hod_f f ' ti tt di
To any one o0 IS P4 5 T3 Bher oF A ¢ he HRBREE: Eo) RO HY g REd Ghchas o

| east two magnetic, l.ayers. 10 15. The nethod for form ng a nmagnetic pattern
accor di ng tlgﬁ%%/&o%go?nﬁ%?’nlﬁeim?o 14, wherein the second external

magneti c fieéd [ apIRIj: d.wth at_| east an_el ectromegnet . 16. The et hod
for Tormng & mebRetIc Pt 67h 2EBrATNg TEGNELArmPLS. WerEs ThES econd
ext er nal magcnetéf .fr%e}d 1}§ iréigp 'éelgupgec\gng' ﬂi ng Eﬂg aggl 'hgati on of a
static magn_e(%i c_af]i el d W th use of "a permanénk nmagne of ~an el ect ronagnet
and the apméﬁ%gfﬁgh(%iéﬁ@uléeiyﬁkgimes or less as large as the

irradiation period of the pulse-like energy beams.
9. The method for forming a magnetic pattern according
10 to Claim 7 or 8, wherein the pulse width of the pulse-
like energy beams is 1 usec or less.
10. The method for forming a magnetic pattern according
to any one of Claims 1 to 92, wherein the magnetic
recording medium is a disk-like magnetic recording
15 medium; the direction of the first and second external
magnetic fields is a circumferential or radial direction
of the medium, or is perpendicular to the medium surface,
and the direction of the first external magnetic field 1is
opposite to the direction of the second external magnetic
20 field.
11. The method for forming a magnetic pattern according
to any one of Claims 1 to iO, wherein the second external
magnetic field is simultaneously applied to the entire
surface of the medium to form a magnetic pattern.
25 12. The method for forming a magnetic pattern according
to Claim 11, wherein the magnetic recording medium is a

disk-like magnetic recording medium having a diameter of



magnetic field with use of an el ectromagnet. 17. The nethod for formng a
magnetic pattern according 20 to Caim 16, wherein the PECEVBERYIWST t he
magnetic field wth the permanent nagnet is |lower than the static coercive
force of the magnetic recording nediumat room tenperature. 18. The met hod
for formng a magnetic pattern according 25 to Caim16, wherein the
intensity of the magnetic field wth the permanent nagnet is |lower than a
nucl ear generating nagnetic field Hn rnla8heated portion of the 20 DECEMBER
2005 - 119 - magnetic recording nedium 19. The nethod for formng a
magneti c pat4 et nt@R®? dPhgle$d- any one of Clains 1 to 18, wherein the
magnetic pattern is a controlling pattern having information for 5

control | i ng B3 r eEoe dragne@pf eduéPrflREgRelPONREAE. PRH.E STHe ARIATGH FDr
form ng a magnetic pattern according to Claim 19, wherein the controlling
pattern cont'& g oRr¥b phri®enlfbp tontVBEFeAp £RE PEFLIUBn of the
recordi ng/ reproduci ng magnetic head or a standard pattern_10 for recording
the servo pat?e?®siDl. oThefetPodnf ofXFBFRPAgRadRaGAEt fdepat tér dtaccor di ng
to any one of Clains 15 to 18, wherein the nagnetic recording nediumis a
| ongi t udiPnall§RRnet 1t FERRT dRRgURRARENTE EbRBUEL FOBTESVE L8TGCsPdsed at a
single side aor 15 both, sides of.the netic Iaggr in parallel, and the

second exter TRAFHLIC TP HRI P by CappPPi hGTBSTRUFEE-1i ke el ectric

current to HHF.Q?quﬁééﬁgdcggk'forming a magnetic pattern according
to any one of Claims 1 to 13, wherein the magnetic
recording medium has at least two magnetic layers.

10 15. The method for forming a magnetic pattern acéording
to any one of Claims 1 to 14, wherein the second external
magnetic field is applied with at least an electromagnet.
16. The method for forming a magnetic pattern according
to Claim 15, wherein the second external magnetic field

15 is applied by combining the application of a static
magnetic field with use of a permanent magnet or an
electromagnet and the application of a pulse-like
magnetic field with use of an electromagnet.

17. The method for forming a magnetic pattern according

20 to Claim 16, wherein the intensity of the magnetic field
with the permanent magnet is lower than the static
coercive force of the magnetic recording medium at room
temperature.

18. The method for forming a magnetic pattern according

25 to Claim 16, wherein the intensity of the magnetic field
with the permanent magnet is lower than a nuclear

generating magnetic field Hn in a heated portion of the



22. The nethod for formng a nmagnetic pattern according to any one of
Clains 15 to 18, wherein the magnetic 20 recordi ng nediupe¢svVBERoggi t udi nal
magneti c recording nedium a conductive coil is disposed at a single side
of the magnetic layer in parallel; a conductive plate is disposed at the
reverse side in parallel, and the second external nagnetic field is applied
by supplying a pulse 25 like electric current to the conductive coil. 23.
The method for form ng a nmagnetic pattekdP according to any one of Cains 15
to 18, wherein the nmagnetic 20 DECEMBER 2005 - 120 recording nediumis a
per pendi cul BRIREFASt ITEIEEHTE MY um a conductive coil is disposed at
both sides of the magnetic |layer, and the second external magnetic field
is applied By -siBp yigigad pits el orkinel @ td9ee Sl euPRERETRoRERETEBAGUCt | ve
coil. 24. The nethod for formng a magnetic pattern according to Claim1ll
or 12, wher &i°n ae gyt i r@orlditRy fediviHr 5 atlie sSRe9RREIFongi t udi nal
magneti c recordi ng nmedium having the central opening; a conductive nenber

i s passed 1B3HE3UgH St Ke COEHTAI L B MHF F3* taf 1 hel LORERIREIOR ARHDer
extends in the direction perpendicular to the medium and the second
external5na§ﬁ§FF@lﬂP@Pdai§%§%ﬂ4%§944?Q¥OQH9%HHﬁ¥ﬁ%ﬁﬁFé? ¥®#@ction of the
medi um by sgﬁplying an. electric current to the, conductive nenbgt. 15 25.
The met hod FQr FormmRf P tT TP e MEEEor df ng2 tE6Tan§C6RE 490 ai ns 1

Lo 24, wher eln he NGal i g LIPSl g, oy, e, eated porthens gl Lhe

servo pattern for controlling the position of the
recording/reproducing magnetic head or a standard pattern
10 for recording the servo pattern.
21. The method for forming a magnetic pattern according
to any one of Claims 15 to 18, wherein the magnetic
recording medium is a longitudinal magnetic recording
medium; a conductive coil is disposed at a single side or
15 both sides of the magnetic layer in parallel, and the
second external magnetic field is formed by applving a
pulse-like electric current to the conductive coil.
22. The method for forming a magnetic pattern according
to any one of Claims 15 to 18, wherein the magnetic
20 recording medium is a longitudinal magnetic recording
medium; a conductive coil is disposed at a single side of
the magnetic layer in parallel; a conductive plate 1is
disposed at the reverse side in parallel, and the second
external magnetic field is applied by supplying a pulse-
25 like electric current to the conductive coil.
23. The method for forming a magnetic pattern according

to any one of Claims 15 to 18, wherein the magnetic



is at nost Curie tenperature of the nmagnetic |ayer. 26. The nethod for
formng a magnetic pattern according 20 to any one of 20bBCPEBERRM525,
wherein the magnetic recording mediumhas a lubricant |ayer on the nagnetic
| ayer, and the heating tenperature to a heated portion of the magnetic
| ayer is not nore than the thermal deconposition tenperature of the
| ubricant layer. 25 27. The nethod for form ng a magnetic pattern accordi ng
to any one of Clains 1 to 26, wherein-tB&0maxi num intensity of the second
external magnetic_field satisfies 20 DECEMBER 2005 - 121 - the _,
bel ow ment i ofRELYAINANBCELYR {3) 2TRETREFASCIE A afféPeMicn TASHILEd I t h t he
second external magnetic field, maintains a magnetic force in a
pr edet er m NP FRct F oFCTALAL EBBNF PéApefafiiFROERAgE. ARES SR STedni t ude of
magnetization is at least_0.70 tines as nuch _as the saturated
magnet i zat i one FRRORSY 1 Thea¥ieht e@PoFPPofc6PREhEXBGRELT EATRFELC when
applied with_the second external na%getic field, is. nagnetized in the
reverse direbtfbh W tFPPeEPECcPYt SUPREY1B9pPeBBLERATIAER GEESE S, and the
magni tude of nmagnetization is_at least 0,70 tines as nuch as the saturated
magnet i z&t | ST B AT praghet FRRRBES L HPNGOMédi um i n which a magnetic pattern
is formed by_the thod fqr fornm ng.a magnetic .15 pattern accoQgin to any
one of O ai ed 1 TEe27ohed AORagREITES BoBRATY idevics Tarda e 260 by
conpri st ng ato g?ﬁcl{eggrgﬁpgwﬁgggggl%gemgggge%ic recording medium
is a disk-like longitudinal magnetic recording medium
having the central opening; a conductive member is passed
10 through the central opening so that the conductive member
extends in the direction perpendicular to the medium, and
the second external magnetic field is applied in a
circumferential direction of the medium by supplying an
electric current to the conductive member.
15 25. The method for forming a magnetic pattern according
to any one of Claims 1 to 24, wherein the heating
temperature for the heated portion of the magnetic layer
is at most Curie temperature of the magnetic layer.
26. The method for forming a magnetic pattern according
20 to any one of Claims 1 to 25, wherein the magnetic
recording medium has a lubricant layer on the magnetic
layer, and the heating temperature to a heated portion of
the magnetic layer is not more than the thermal
decomposition temperature of the lubricant layer.
25 27. The method for forming a magnetic pattern according

to any one of Claims 1 to 26, wherein the maximum

intensity of the second external magnetic field satisfies



magnetic pattern is forned by the nethod for formng a nagnetic pattern
according to any one of Clains 1 to 28, 20 a driving pesbEORMBER 205 Vi ng t he
magnetic recording nediumin a recording direction, a nagnetic head having
a recording portion and a reproducing portion, neans for noving relatively
the magnetic head with respect to the nmagnetic recording nedium and a
recor di ng/ reproduci ng 25 signal processing neans which supplies a recording
signal to the magnetic head and receivégla-reproducing signal fromthe
magneti ¢ head. 20 DECEMBER 2005 - 122 30. The magnetic recordi ng device
accordi ng t o} R 2o mepkRePRPA all efflhéZhmgnetic recordi ng nedi um has been
assenbled in the magnetic recordi ng device, the magnetic head reproduces a
magneti ¢ pat ter ' ® PrOYBEEC st gHEF s, WBCRNAPPILREL ¥8Hio B Steqfhal s
produced based on the signals_are recorded by neans of the nmagnetic head.
31. A net hoPFoRr i bdRY G A nhgReti cMPeB6AdF g nBEPRAT WaiHg S Ihadhet i ¢

| ayer, a protective layer and a . lubricant |layer formed on a substrate in

this order RYSHRreIRIEACHaghetrElpat tBrA FEOFOrRBRSKARE meg¥eti @Y ayer
t he net hod qiin char ac eriéed b% congr[sing a s&ep %f fornin t he magnetic
| ayer and t N&*PpriadetFvde PhyBrIBRttRetiaBstrFafé, 1838t -dP f *$hd* he
| ubricant |ayer on the protective |ayer, and a step of applying a 15 first
ext er nal nadﬁéﬁ?caﬁiﬁmﬂ %tﬂﬁﬁﬁﬁgiQQg Rt 6P 9T hEa™ gnetic layer in a
predeter m nef, i ect o0, o9 fERLNG LAGLLYALNS TRATeY © hayer while
applied with the second external magnetic field, is
magnetized in the reverse direction with respect to the
10 predetermined direction, and the magnitude of
magnetization is at least 0.70 times as much as the
saturated magnetization.
28. A magnetic recording medium in which a magnetic
pattern is formed by the method for forming a magnetic
15 pattern according to any one of Claims 1 to 27.
29. A magnetic recording device characterized by
comprising a magnetic recording medium in which a
magnetic pattern is formed by the method for forming a
magnetic pattern according to any one of Claims 1 to 28,
20 a driving portion for driving the magnetic recording
medium in a recording direction, a magnetic head having a
recording portion and a reproducing portion, means for
moving relatively the magnetic head with respect to the
magnetic recording medium, and a recording/reproducing
25 signal processing means which supplies a recording signal

to the magnetic head and receives a reproducing signal

from the magnetic head.



external magnetic field having a pul se-like magnetic field conponent to
magneti ze the heated portion in the 20 directi on opposkiBECEMBHRR 2005
predeterm ned direction whereby a magnetic pattern is forned. 32. The

met hod for producing a magnetic recording nedium according to C aim 31,
wherein the magnetic pattern is a controlling pattern having information
for controlling a 25 recording/reproduci ng nagnetic head. 33. A nmagnetic
recordi ng medi um characteri zed by bei ngl2produced by the method described in
Claim 31 or 32. 20 DECEMBER 2005 - 123 _34. A nmagnetic recordi ng device

char act eri zed by' N IRPIRRF A BRBYHLEPcIPELERIPRG HEd =P 4R the
nmet hod descri bed jnﬁ%%sin13l or 32, a driving,gortiﬁn fohﬁ driving the
magneti ¢ r e IR T T NP ERBE UF ng=8OaT FBE L FEHL YR REGnEEFE head havi ng

a recording portion and reproduci ng porti on, ans for_noving rel atively
the magneti®d IS SH tH r %é@?gT%t%ﬁergﬁ@ﬁ@fP% BYOFBI n§RenBaPtR"1and a
recordi ng/ reproducin i gnal processing neans which supplies a_recording
signal to t%§Qéiﬁﬁﬁé%§%é%%é%dm%%ﬂe?éEeP@EEeﬁnrEBrBHB%PE% SLRAL St rom t he
magnetic_ head, 35. -The magnetic_recording device_accordin Cl ai m 34,
Whor el n_af § G0 Ho g Mt C T BEb i HOSHUF U HELCBReRe SR asBROFEE 1 n 1 he
magneti c recardi devicqé 5r5é netig 15 gegg re rodﬁcesha gpgnetic
pattern to 5?655% §Fﬁ%df§? tan nar “$&r 9 Fst gPS af's 8? duced based on

t he Signa|%1ﬁfQAr£§958§df9¥ nggﬁcgggtQemgggg%akcrg%%gding medium

having a magnetic layer, a protective layer and a
lubricant layer formed on a substrate in this order
10 wherein a magnetic pattern is formed in the magnetic
layer, the method being characterized by comprising a
step of forming the magnetic layer and the protective
layer on the substrate, a step of forming the lubricant
layer on the protective layer, and a step of applying a
15 first external magnetic field to magnetize uniformly the
magnetic layer in a predetermined direction, and heating
locally the magnetic layer while applying a second
external magnetic field having a pulse-like magnetic
field component to magnetize the heated portion in the
20 direction opposite to the predetermined direction whereby
a magnetic pattern is formed.
32. The method for producing a magnetic recording medium
according to Claim 31, wherein the magnetic pattern is a
controlling pattern having information for controlling a
25 recording/reproducing magnetic head.
33. A magnetic recording medium characterized by being

produced by the method described in Claim 31 or 32.



36. A magnetic pattern formng device for formng a magnetic pattern in a

magneti c recordi ng nmedi um

characterized by conprising a nmedium hol ding nmeans for hol ding the

magneti c recordi ng nmedi um an energy beam source for

the 20 magnetic pattern form pgcdsiBrReoei ng

emtting energy beans,

a projection neans for projecting and irradiating the energy beans fromthe

energy beam 25 source to the magnetic recording nedium and a nagnetic

field generating neans for applying a negphetic field to the magnetic
recordi ng nmedium wherein the magnetic field 20 DECEMBER 2005 - 124

generating Aéand garettis e

field conponent. 37. The magnetjc pattern form ng device according to
36, wherei nCaMRESIRINY @ JFeEEt betvreEn dH drei Y™ BreeasesobYcelgnd the
magneti c recording mediumso as to change the intensity distribution of the

ener gy beanfetdegeRgisng ideh ipatd e tdl b ¢ ned. ABBY 1MHePHafheRi éoFattern

form ng device according to
generating 98 VABShSRad g et siRighet

Claim36 or 37, wherein the magnetic field
9 meAlqRel agneefel Pakfern form ng

2y cA¢yEfd RAgrAgtaripaPskYli ke magnetic

Claim

device according to C aim 38, wherein the nagnetic field l%ener_ati ng means

i ncl udes® a PerREReRE  migFAITEHd Al L RF oG et L FFO T Lonbi

10

15

20

25

a reproducing portion, means for moving relatively the
magnetic head with respect to the magnetic recording
medium, and a recording/reproducing signal processing
means which supplies a recording signal to the magnetic
head and receives a reproducing signal from the magnetic
head.

35. The magnetic recording device according to Claim 34,
wherein after the magnetic recording medium has been
assembled in the magnetic recording device, the magnetic
head reproduces a magnetic pattern to produce signals,
and final servo burst signals produced based on the
signals are recorded by means of the magnetic head.

36. A magnetic pattern forming device for forming a
magnetic pattern in a magnetic recording medium, the
magnetic pattern forming device being characterized by
comprising a medium holding means for holding the
magnetic recording medium, an energy beam source for
emitting energy beams, a projection means for projecting
and irradiating the energy beams from the energy beam
source to the magnetic recording medium, and a magnetic
field generating means for applying a magnetic field to

the magnetic recording medium, wherein the magnetic field

afFoRn #5d
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15

20 DECEMBER 2005

- 124 -
generating means generates a magnetic field having a
pulse-like magnetic field component.
37. The magnetic pattern forming device according to
Claim 36, wherein a mask is disposed between the energy
beam source and the magnetic recording medium so as to
change the intensity distribution of the energy beams
depending on a pattern to be formed.
38. The magnetic pattern forming device according to
Claim 36 or 37, wherein the magnetic field generating
means has an electromagnet.
39. The magnetic pattern forming device according to
Claim 38, wherein the magnetic field generating means
includes a permanent magnet and an electromagnet in

combination.





