. 1" #$%3eR R**+\ 34° 68: T: & TI TLE OF THE | NVENTI ON METHOD FOR FORM NG A
MAGNETI C PATMWW@@ETI C RECORDI NG MEDI UM A MAGNETI C PATTERN FORM NG
DEVICE, A5 DI NG MEDI UM AND A MAGNETI C RECORDI NG DEVI CE
BACKGROUND OF THESYVENTI ON FI ELD OF THE | NVENTI ON The present invention
relates to a nmethod for form ng a magnetic pattern in a magnetic recording
medi um 1o u netic recordi ng device, nethod for producing a
magneti c reammmummmm@@mﬁnl a magnetic retordi ng nmedi um and a nagnetic
recordi ng device, . SI ON OF BACKGROUND A magnetic recordi ng device
represented by a°9%%magnetic di sk device (a hewd RéeSk: MEve)3 hba2 43 bkl y
been used as an external nenory device for an information processing device
such as a conputer, and has r 8d8WE PbEEE JAWENIION recordi ng device for
recordi ng dynam c i mages or a set-top box. 20 Generally, the magnetic disk
devi ce houses aMBTHQPeFOR PORMENGtd MACNEEHet TATTRRK STy MAGNETIC
recordi ng/ reproduci ng head. As the recording/reproduci ng head, a flying
head i s gener RECPRIIYEG WESLEMh Pt MAGPES T&h SO TERY FRGHENGe DHVIKEat Aa

constant flying height. 25 Qther than the fll%gx nl\(]qE head, the use of a contact
head is 5 MAGNETIC RECORDING MEDIUM AND A MAGNETIC RECORDING 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.



| proposed in order to nmake the distance to the nmedi um cl oser. - 2 The

magneti ¢ recordi ng nmedi um such as the magnetic disk is generally prepared
by formng a NP |layer, a nmetal underlayer, a nmagnetic |ayer (a recording
l ayer), a protective |layer, a lubricant |ayer and so on on the 5 surface of
a substrate of alum numalloy successively. O, it is prepared by formng a
nmetal underl ayer, a magnetic |layer (a recording |ayer), a protective |ayer,
a lubricant and so on on the surface of- @ substrate such as gl ass
successi vely. The magnetic recordi ng nmedi um 1o includes a | ongitudi nal
magneti c recordi mhemedignatand reedqrardiend ireidiaim rmaghetase thec atadineg iredi um I n
the | ongi tudi nal nagnetic recording medium |ongitudinal recording is
general | y cartiiséd iesugenthre llgngerppretd bykifogriing mmiyiet ilaydirsk anore dense
z5 has been accel erated year by year, and various techni ques
metal underlayer, a magnetic layer (a recording layer), a
protective layer, a lubricant layer and so on on the
5 surface of a substrate of aluminum alloy successively.
Or, it is prepared by forming a metal underlayer, a
magnetic 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 is 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,



) for increasing the density have been proposed. For exanple, there is an

attenpt to increase the nunber of tracks by narrow ng the space of

i nformation recording tracks. For exanple, a density of track of 100 Kkt pi
or 20 nore is needed in order to realize 100 Ghit/inchz. In each track, a
controlling pattern for controlling synchronization and the position of the
recordi ng/ reproduci ng magnetic head is forned. Wien the space of tracks is
narrowed, it is necessary to nake the 2s qmagnetic pattern (herei nbel ow,
referred to as "the servo pattern”) used for controlling the position of

t he magneti c head densorm ttha ataletdia eetditerofid heord slamber, 3o lase., to
formthe magnetic pattern in nore nunber, so as to conduct precise

control ling. tarddedyctt herexriise aroritnoyleaised demand to wi den a data
recording area to increase the data recording 5 capacity by reducing the
area ot her than thatther, rdvoreli ng aatimcrsaedd/ deamral g0 usiaterf ar t he servo
pattern and gap portions between the servo areas and the data recording
areas. For tHatpurqunaling dreandcesismmease ither dase aaguiddmg of the servo
pattern or to increase io the accuracy of synchronization. In the

convent i ofhal qaEmitdudy tMeshus imgs theemugiadelther than that for

recording data, namely, 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 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.



used a nethod wherein an opening is fornmed 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 nethod encountered difficulty in recording correctly
the servo pattern because the position of the gravity center of the 20
actuator was different fromthe position of-the gravity center of a
positioning nmechanism so that highly accurate track position control could
not be obt ai nédwe@art hehibs$ heeclange thret eorsbleny ofosed-iecforimrgr® t hat

| aser beans are irradiated to a magnetic disk to 25 deformlocally the
surface of therdis&tivmes edyd prejesieomadmdhectissiow dreadphyssvably for med
so that servo patterns of projections and recesses are produced. - 4
However, t hi saibedni edieehselyrottarsinhar trrofotumidirio) feotnamisoand
recesses made the flying head unstable to affect adversely recording or
reproduci ng | FeeRdreams haseng Feakdr FRRINER Mali JEGRARET Yval? riecd®iSary in
order 5 to formthe projections and recesses, thus bheing costly, and it

t ook nuch 3 i nEC t BPFBr ERE Her Piesf D NA T ve S vife IR eSO X ew of
t he above, sone_servo pattern form ng nethods are proposed. so As an

exanpl e, therddsit WReRJMEHAELRE det Viprm the projections and

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,



pattern is formed in a master disk having a nmagnetic |ayer of high coercive
force, the nmaster disk is brought to close contact with the magnetic di sk,

" and an auxiliary magnetic field is applied fromthe outside whereby a 15
magnetic pattern is printed (USP 5,991, 104). As another exanple, there is a
met hod that a magnetic disk is previously nmagnetized along a certain
direction; a soft magnetic |ayer having a high perneability and | ow
coercive force is forned by 20 patternihg on a naster disk, and the master
disk is brought to close contact with the magnetic di sk, and then, an
external magneEEE) field is applied. The soft nmagnetic | ayer serves as a
shield, and a nmagnetic pattern is printed to an unshiel ded area (see USP
3,869, 711, 25 EP91548Bisande¢Rebgbacka Pnapeet | @sslofidNovedd Megmita ¢ Cont act
Duplication Signals with Hi gh Recording Density FD' (Sugita, Ret. al,

Di gest of | nteadvbet POQRLIEXI06,s formed TEERhe madrstsia etk due, a master
disk is used, and a magnetic pattern is fornmed in the magnetic disk by

appl yi ng a staomby g rietsterdne|tpoBtine figlshsity of a nagnetic field

general |y depends on di stances. When a magnetic pattern is recorded by

appl yi ng’ & magnet Teefirtensithe pouhdiagnefic Hel9kd teanrral kptderesds uncl ear
due to a stray magnetic field. Accordingly, it is essential to bring the
mast er di skt 1O AR WPRRL ﬁemﬁﬁﬁﬁgﬂFcpﬁF§ﬁrPn16rH@Foféeﬁi RYmi ze the

stray magnetic field. As the magnetic pattern is finer, it is necessary to
bring them cl¥ZIEdH a?ctm%’{%tf? f;ﬁrldga&%%%nl‘%ﬁryt (R Bdten RAdHEETS 18 e
press-contacte be/ ﬁii n acuum suction. s5 Further,, tt%e gji;rgher t he
coercive for @& of*? & A WK € THEY JPFEE e MEgfetic fiel d used

ror printing fseonndcpord nal ve s i 3 HRINSY i bl heegs doar o

Therefore, the per cl ose "conta i'Srequire AcCcor :

above- nment O%EMMP&? dr ?rfa?rléﬁi%o@:ﬂ nglrrf)&g@le% ROnEH G deSk | ow

coercive force or a flexible ppy (trade Isk which I's easy to

contact. Howewsfay idadrie M@y ¥ id1d. cakt che ARGh¥LiBi BateePAl JHCEiReR,
magnetic di sk for high density recording which has a 25 coercive force of

3,000 Ce or M eis NasRigkary dhermgneites 1ot @prtaitneridHotd agybst rat e,
there was a possibility that fine dust deposited thereon at the tine

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 field used for
printing is, and accordingly, the stray magnetic field
becomes large. Therefore, the perfect close contact is
required.

20 Accordingly, the above-mentioned technique is easily
applicable to a magnetic disk of low coercive force or a
flexible floppy (trademark) disk which is easy to contact.
However, it 1is 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 danaged. In a case of a gl ass
substrate, in particular, there was a problemthat the deposition of dust
m ght 5 cause insufficient close contact, so that it m ght 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 200010 134611, a nmgmnetic pattern is forned in a
magnetic recording nediumin the conbination of heating a |ocal portion and
appl yi ng an exf eraratadegnetdode By dvhdosbexanid facta weedirasdlscamdnet i zed
previously in a certain direction; pulse-like energy beans or the like are
15 irradi at ectheo mdmnateit u dihr oughera exgbdres ined meesier alidatwashe medi um
| ocal ly; an external magnetic field is applied while the coercive force of
t he heat ed arégamagededlned sasthaif regdadisngubstcandyctiadpbottihelheat ed
area by using the external magnetic field. Thus, a magnetic patternis 2 o
formed . AccarltBrg vas tdhipraleicimitthes, the daporidiivg icf phrfomigthtni th a
relatively weak external magnetic field because the coercive force is
reduced by hezugr). irmniierienti molosehe Grtactf.orsa ddwrtdiiig Might et ed to the
25 heated area, and there is no possibility of recording to the area other
t han t he heatidPFEP s & W ude DRI C HLiEtdN%S &3pld edFadkemdtso, a
cl ear magnetic pattern can be recorded wi thout bringing the mask to
cl ose cont actrSAtHehe heditiMeRLordiHGK, there is littie possibility

e

ha e med um of, e, skl dareae by e close coad apd causing an
}Agcl;?crjimng tg 8 E}P%gl%seg%rﬁ%aq%rb}:,etAiP%]l%chatster?%ng@ SS'P Zwﬁéqbfégﬁ%? !at@d{)%toio ;—nm can be
formed eEBiCif§EéﬁﬁﬁMéih£Hﬁﬂkic 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



1o accuracy w thout damaging the nediumor the mask, or increasing a defect
in the medium In the magnetic recording nedia used recently have such
probl ens that individual magnetic domains are small because the nediumis
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 recordi ng may
decrease. In order to prevent this, it is necessary to nake the grain size
of crystal in the recording |ayer small_sp 20 that the nmedium has a high
coercive force and a high S/N. However, when the grain size of crystal is
made smal |, tdeer tdhymaman aeencdae-dal cel tisoaptbtihdignd altge.ndaie tther, in
order to increase the thermal stability of nmagnetic domains, there has
recently beenclprapaset it 20 AFG Hanted e r omagoetliagtouphedrarddi um whi ch
is formed by lam nating two or nore magnetic |layers (a principal magnetic

| ayer and a rieigrnete aseddyilayer )tHat ithempasiung or the mask is damaged
by the close contact and causing an increased defect in
5 the medium. Further, this technique makes it possible to
form a good obligue magnetic pattern which was difficult
to form.

According to this technique, 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 is formed
by laminating two or more magnetic layers (a principal

magnetic layer and a magnetic underlayer) by interposing



_ g _ a Rulayer or the like having a thickness of several Angstrons
wherein the thermal stability of the principal magnetic |ayer is increased
by coupling magnetically between these magnetic | ayers between which the Ru
| 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
nmeasured based on a B-H loop (a hysteresig 10 | oop) obtai ned when a
magnetic field is sweeped over a long tinme of several 10 sec, i.e., a
static coercived drageer @ titee diiker Haanichg & dymadkreoerfciserdrglce IS a
coercive force obtainable fromsweeping a magnetic field for a very short
time such as Zmgmtong Wwhexraiagndid cHeeadhl k5 dbsilaldw )ofi tthree ansirac igeelr ci ve
force obtained when a magnetic field intensity is changed for a short tine
of 1 sec. or nassetiCenensrd yis timermbarad oy orng Mend oregmdtsidadrlger t han the
static coercive force. The dynam c coercive force 20 varies largely

dependi ng on etwesn wldide imeontEtdlr ey arsgiettivedn efld dls tdirariged,ayaed it
indicates a large value as the time width is shorter. For exanple, the
dynam c cbéer disverftaraessst-ai Redchy thppl pedgua hagnat Lerteepdrhoent00 nmsec.
is generally larger than the dynam c coercive 25 force obtai ned by applying
t he magneti c FAIAVOrEOFCfec 2 AR T@E OFIEF 18bdvie 1 Ssilifc & SIMHiITGe 9N i s
essential in order to provide high density, it is inavoidable that the

g _ dynanic CFEE V@ AGVEE SEF "SR tHEGEO e recordi ng nedium for high

density recording is |arge.. For exanple, in a magnetic recordi ng nedi um
havi ng a recordi ?fé'rfé&}]?lf%fc‘?ﬁfctlovrgofeﬁﬁec A qwa}ﬁt%@ dynami ¢

coercive force 5 reaches tw ce or r@ e as, nmuch S‘ﬁﬁt e static coerciyve

Forco. " For  sGAPGRUNC 4 GRS DR Rt g 5 de | 61 0 I | s
ired ' fy VWi L ] : - t tic |

of such Hed Gy RERRER e e gt el e bt SR E BAer gy beans for

a very short jigue e QA lAnNan0 38 in o.he AbovePRieneg Jmgnet i ¢

pattern form ng techni que, the dynam c coercive force is involve

dom nantly. INymley, eMeonuwhgpnarnBangli s & ehliexesedbnget B8rebatkCy
coercive force at the 15 heating tinme is applied, the nagnetic field

intensity isdoasidfifeCifeiice anad namgRetfiromaieepinkaw meohetuld ifdieam

out put of signal may not be formed. Accordingly, it is necessary to apply
an external fagnet veryl ehtrwhitdimec @mcty ersc eanttiegdhyam ;magoestdicv édfaa@r.ce at
the heating time 20 to nagneti ze the magnetic layer. In particular, in a
case t hats anUsmiedrliyer értc eefnisnge coferednec dogest obt adined] eshganer ates in the
medi um by the reason that the distance between the mask _and the nediumis
not const ant "§ETEREq ifkeld Retensdsyl i§ ghesscehitiorca 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 S/N is essential in

order to provide high density, it is inavoidable that the



25 circle area of strong light and a concentric circle area of weak |ight.
In a dark area, the coercive force of the magnetic | ayer does not
sufficiently decrease, and a - 20 large external magnetic field is
needed for nmagnetization. However, there is a way of applying a |arge
external magnetic field wth use of a permanent magnetic which generates
usual |y magneti sm However, the permanent 5 magnet may nagneti ze an area
ot her than the heated area whereby a predeternm ned magnetic pattern is not
obt ai nabl e; noises are generated in an area nmagneti zed previously, or a
magnet i ¢ pat t dymamh¢ chodasivactobeencf osweld megndiel @rosed iy SWNMARY OF
THE | NVENTI ON Therefore, the present invention is to provide a nethod for
appl yi ng an eféechige ésteinal reegnding #$elaraw. aFwageeeinyleecandiang
medi um havi ng a high dynam c coercive force in the technique to forma
magnetic 15 padgeehi¢ nrederdigmaredlyredording arecamnbyne ok ng athe
application of heat to a |ocal portion and an external nagnetic field. It

i s anot her ob@@ct0040t$hi¢W¥nﬁhé)HQVﬁéntﬁ@ﬁ Synpra¢i decxcarenhda@rer form ng
effectively a fine magnetic 20 pattern in a magnetic recording nmedium for
hi gh densisty ¥ezohres$ ngviem FEARER]iafBICh S |t St tdeyice®FGve ormi ng t he
magnetic pattern, a magnetic¢ recardi ng nedi umand a _magnetic recordi ng
devi ce capabl £°%%€ hi §IPTdEwSHt PeOdEBY ditnJadnes 16n6FRSt PAY P 8nhé€8nom cal
manner. 25 In accordance with a first aspect of the present invention,
there i s provHEEEEd MR hbHFY oS PTG Sghet] @ Ratertt BY Hpdidi ng a
first external.qg eti.c - 11 field to a magnetic recordi ng nmedi um havi ng
a magnetic Id@%? t %ﬁ@%%?ize uniformy the magnetic layer in a

Bgneti ¢ LS . ! | ay .
D aenar HEEAP PR SRt LOSLLOER by L8, TR G d et alidigy 2
portion iz %é@fﬁea NeAdie Sir&eti{ ¥ Sdahnd e Predat,gf rsger{zﬁte

direction, wherein the second external magnetic field has a pu

magnetic fi el cOnPeNeterCCOF ddih t@ S0 ARRRCING] 1didr esent

magnetic pattern forming technique, 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. In a dark area, the coercive force of the

magnetic layer dcoces not sufficiently decrease, and a



lo invention, there is provided a magnetic recording nediumin which a
magnetic pattern is fornmed by the abovenenti oned magnetic pattern formng
nmet hod. According to a third aspect of the present invention, there is
provi ded a magnetic recordi ng device 15 characterized by conprising a
magneti c recording nmediumin which a magnetic pattern is forned by the

nmet hod for formng a nagnetic pattern as described in the first aspect, a
driving portion for driving the magnetic;gecording nmediumin a recording
direction) a magnetic 20 head having a recording portion and a reproducing
portion) neansriger gErG 1l elagtiereky fiibe dragnekicdebedd rwinkhneespacticng t he
magneti c recordi ng nmedium and a recordi ng/ reproduci ng signal processing
means whi ch supplH®swer,eatdliand sSiagnaly od thelydgret (akegad cater2al
receives a reproducing signal fromthe magnetic head. According to a fourth
aspect of theagnesdrt fiimlenwiah, uskepé bspprownded aagrthdd Waichroduci ng a
- 12 magnetic recording nmedi um having a nmagnetic |ayer, a protective |ayer
and a | ubri carnherayes fusuaddyomagnsulbsir atiowenvehi stloe derrmdresei n a
magnetic pattern is fornmed in the nmagnetic | ayer, the nmethod being 5

char act er § zethagpetompyi siegges igeepnobrear athgrt hbanaghet heategearead t he
protective |layer on the substrate, a step of formng the lubricant |ayer on
t he protecti waergpyr 2 an¢deterepnefl mpohgtag Rakfesn ésgtephal nagnetic
field to magnetize uniformy the magnetic layer in a 1o predeterm ned
direction, an®tRéapPAg;:| seisey ?ﬁé gepaeated| apeprnvAree BABN9rLhged second

external magnetic¢ field having pul se-li ke magnetjc field conponent to
magnet i ze t hBrR¥ACEE¥or PFoR WﬁgﬁﬁélﬁlP@EF?Bﬁ Bhp6ei bast euERePpPRdet er mi ned
direction mh% reby .a magnetic tern is 15 formed . According to a fifth
aspect of th oapggewﬁy. ﬁeﬁFF there is provided a magnetic recording

nediun1p5§pared by the above- Iﬂ?%&' ﬁ%¥§5 ing to a sixth aspect
of the pfresent invention, 20§ﬂ¥ﬁi&+ﬁ—ﬁgg§£§%gla—ﬁa§get|c recordi ng device
characterized byg@%ﬁ%ﬁb NG 13 TRIAEELE Eﬁ%gh@&gﬂ ﬁEdkB”EPBQQHEGQ.bY the

above- nenti oned & drivi g portion riving tne magnetic

recordi ng nediywlbin rar’ gep19iRG ghrectberive BREALLLE H&éﬂe@§¥'99e§d
recordi ng portion and 25 a reproduci ng portion, neans for noving relatively

the nmagneti ctBeadmyyhBrhiespeebrionghRedegnehbh¢ingCcer Higy apdhMit and a
recordi ng/ reproduci ng signal processing
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



- 13 neans which supplies a recording signal to the magnetic head and
receives a reproducing signal fromthe nagnetic head. According to a
sevent h aspect of the present 5 invention, there is provided a magnetic
pattern formng device for formng a magnetic pattern in a magnetic
recordi ng nmedium the nmagnetic pattern form ng device being characterized
by conprising a nedi um hol di ng neans for hol ding the magnetic recording
medi um an energy beam 1o source for em tiji ng energy beans, a projection
means for projecting and irradiating the energy beans fromthe energy beam
source to thefiwmbdietd ca rreopueli g mechridn@amiedi vadreting fa etaymgenier at | ng
nmeans for applying a nagnetic field to the magnetic recordi ng nmedi um
wher ei n t he lbayegnet ircadinetizgenerzrmiy neensnapreriat esayemagnetic fiel d
having a pul se-like magnetic field conponent. BRI EF DESCRI PTI ON OF
DRAW NGS: A moredeoephbted apiyrect an andfhedmi igqvientad by drite meagneaific he
attendant advantages thereof will be readily 20 obtained as the sane
becones bett etayerdevist bok byeceidreticarnal trgrife] o irgl detnidmel ied
description when considered in connection with the acconpanyi ng draw ngs,
wherei n: Bi g.therete, dikgpeliailic dteat ety grartign crodraaesierad oied-Bshowi ng
an enbodi rent _of the magnetic pattern form ng device according to the
present inverffiREtIPR. 0Pl & diadrhnRitsdaiePemgt FIRAC A/ of the -
14 1 magnetic patfern form ng device shown in Fig., 1.
g whé&ein the secoéh eXternal magneticg%ield has a pulse-
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



Figs. 3(a) and 3(b) are a plan view and a cross sectional view show ng the
nmet hod for formng a nagnetic 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 showing the nethod for form ng a nagnetic pattern according
to a second enbodi nent of the present invention; io Figs. 5(a) and 5(b) are
a plan view and a cross sectional view showi ng the nethod for formng a
magneti c pattern according to a third emppdi nent of the present invention;
Fig. 6 is a diagramshowing the relation of a s5 magnetic field pulse to a
trigger pul smafertliasercorghinhg metiiom beguegce aegoertiinglbgean enbodi nent
of the present invention; Fig. 7 shows a saturated magnetization curve of
t he magneti cplrayectawver deyetreapdr at dnbriipaat dpper dpagednpfoaand a
saturated magnetization curve of a heated area of the magnetic |ayer at the
t enper at ur e enbatlrewer idi &pisnprder wherein a magnetic pattern is
formed in the magnetic layer, the method being
5 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 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



and Fig. 8 is a sem-logarithm c graph showing the relation between the
intensity of a magnetic field 25 required for demagnetization or

magneti zation in an opposite direction and a treating tine.
TIT)T. ~T. ~TTf77T?T T. ~TATWATTTAL~TTT !1h T21L~ T1D1~C~L~TTT
TTT7L~TTTT!"1TT - 15 The present invention is characterized by applying
a second external magnetic field having a pul se-1ike magnetic field
conmponent in the technique of form ng .a ypghetic pattern by applying a
first external magnetic 5 field to a magnetic recordi ng nedi um having a
magneti c | ayerahe wagoat sneplhetoankgcbidimggreéthell agethenmagpeedet er m ned
direction and heating locally the nagnetic |ayer while a second external
magneti c fi eheadsaapplreeditker et oepwhdnebygt kegheat édopothieomagsenmgnet i zed
in the to direction opposite to the predeterm ned direction. Nanely, a

| arge magnet heafliel d is applied dynamcally in a very short tine in the
second external magnetic field, whereby a magnetic recordi ng nmedi um havi ng
a | arge dynani c @eereidiadf goce cavebséhapsbeed wift the mageentc 15 field
nearly equal to or larger than the static coercive force. The application
of a |arge nagHenréoni ekhedgedsnprodtfledt 2aBoensely BACERER dPHEENGhan the
heat ed area because the application tinme is very short. Accordingly, an
external nagAeVieef ferdf@pnéRIoReP@BRBEIENR2BYRERT €128 BBERELYE force in
heati ng can be applied, and an excellent nmagnetic pattern can be forned.

The dynanic ES@PE@%Bgfﬁﬁééqu FREr MGINSF§Er PRRARRTRhECERARY cARBEFRI ve for ce.

A di ngl t f '
neated arch, PSERONERATRE 'GTEARE Pat CCHG HyRAT CREDLPE: U5 AbpEc PRSI |

| arger than the t.kC C rC|ve force_in a.non-heated area around, th
heat ed ar ea. % ﬁﬁadlcgsgg ?agﬁegégcgﬁaordlgg mgalug, L& energy béa&

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




- 16 external magnetic field which overconmes the dynam c coercive force is
continuously (statically) applied, there is a possibility that the

non- heated area is al so nagnetized. 5 On the other hand, according to the

i present invention, there is little possibility of affecting the non-heated
area around the heated area even though a magnetic field |larger than the
static coercive force at roomtenperature is applied because the second
external 1o nagnetic field having a pulsesglike nagnetic field conponent is
applied. Further, the heated area can be magneti zed well since a

I sufficientlyraayrge iragraticrf iflrohirgy dgpliiced sthiominng ri P ghedt.i ng. There i s

v little possibility that noi ses take place in a region which has 15

" previously been ragreti¥ed umd o (bly,ame aa pisgnetiiev patd er mnddsch have once
been fornmed is erased. Further, a fine nmagnetic pattern can effectively be
forned even isecd imagretiiew etwwdingy tied imgrnhleal ifleg ddrarigg dy maginetdeer ci ve
force usable for high density recording. 20 Further, according to the

met hod of theghtesentadaprstimicono @ agsdt iemboddmeditn g fmgdieu presentti gh
density recording in which a desired magnetic pattern is forned correctly;
occurrenck ofiniysirde®ni;s suppressed; reproduci ng signals of high output can
be generated, and 25 S/N and C/ N are high, can be obtained. According to
the present inverdti%h, 4hn aittert @h idfSe ¥ erlemcd o gl iss @S ted and a
dark area is - 17 _generated hecause of an insufficient reduction of the
coerci ve for &R YaGie SHOWRFe Lheames gy hor dRgRerEc af M8LResa( i ci ent

t th [ f b lied. _A di ngl y, ti
pat Cern havi R CA oS Tk GECETORE epPodbEr Y. SROREE B DAL EHR BESFePred i n

such area, aridvdetteir inqrati on (increase) of the nodulation as in the
conventi onal “t&chM (ﬁ’ué can be suppressed. In the conventional technique, if

an inter&grence fFrii eé(sd,%g%%{ ?’Eﬁﬂ iar}et %gp%gln%iﬁ%yra%@%dic srge_di um the

so coercive force t he ghe ayer reduce
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
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|
!
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in a dark area whereby the formation of the magnetic pattern becones
insufficient. Therefore, there results an area having a high output of
reproduci ng signal and an area having a | ow out put of reproducing signal
wher eby 15 the nodul ati on tends to be deteriorated. The nodul ation (Md) is
expressed by Mod=( AMPmaxAMPni n) / TAAX100 where TAA (total average anplitude)
is an averaged output of reproducing signal in the sane pattern area, and
AMPmax and AMPmin are respectively the-2gsmaxi num val ue and the m ni num
value in that area. In this case, TAA, AWPnax and AMPm n are all values in
peakt o- peak. The VhéuereSenheinveut avnonsi sharadteeabtyd 3090 appledsy aor e
preferably, 20s or |less in consideration of servo tracking accuracy. 25 The
present i nventéorngi¢xtéenalkbseadiveti¢ nf k@ letiald .a Bukie-kikechni que of
t he present invention wherein - 18 a magnetic pattern is fornmed in a
magnet i ¢ r econdImet e df ied dycompdnenthghede nedhnistg Poridwomzmd t he
application of an external magnetic field will be described. 5 In the
met hod for fOPRSMRLEC RRfHee e Patare by e cr di et AR leg@aneient i on, a
magnetic pattern is forned by applying_a first external nagnetic field to
the magnetii c 544 @ FafpEIeHC ixeamdBrmnedinm redet & Mawrtdic ecti on;
heating locally the magnetic 10 | ayer, and at the sanme tine, applying a
second ext er neY¥agretiegn$ el 2 HavE fRF &l Y ihee Nagae gy et *r field conponent
to thereby magnetize the heated area in the direction _oppgsite to the

fg "r?gg\%'gt‘ﬁte

pr edet er m ned LTI B < P ArhiReHe b d-° detEISts havi ng
15 magnetic djrectigns opposite to each other can clearly be forned, and a
magnetic patt ar¥|e1F|aV\’c}?stllge aé)s%'?%%rbé s?xgneaﬁnalcﬁht“é‘-’f?srﬁqillcandleeliié91 ee}’ﬁp]dﬁ\(? and S/'N
i s obt ai nabl T er ";Hﬁ%%i I " ;" heati ng 3 qr ti,on" in
the present ietnl\lle_'én |%'n vﬁ’rrrﬂe%n_s ht%?et ééﬂeén%i%ogr{tyl%alo% t e_érrtgig%e? Plg{lﬂa#;é;r of a
magneti ¢ foeCoLldi 1Bl B S ot NGAE GlUde QN P A QUL Y Lhe magnet o

| ayer of the nmagnetic recording mediumis heated. First, the first external

magnetic fielghi1 i oh 1d¥RNSIdohdiSi ARIdRY 1 APIRIE B NG dredi um
a

to 25 nagnetize uniformy the entirety of the magnetic layer in _
predet er m nedy di8£tdxdkt ASineaits iy Hund ngcddiandll midgrxd e nale regnet i c

field, a magnetic head nay be

whereby a magnetic recording medium having a large
dynamic coercive force can be applied with a magnetic

15 field nearly equal 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, if the second



- 19 wused or an el ectromagnet or permanent nmagnet may be arranged so that
a magnetic field is produced in a predeterm ned direction. Further, these
means may be used in conbination. 5 In a magnetic recordi ng nmedi um havi ng
the easy magneti zation axis extending in its longitudinal direction, the
predet erm ned magnetization direction is the same as or opposite to the
direction of noving the data recording/reproducing head (the direction of
lo relative novenent of the nedium and_thg oagnetic head). In a nagnetic
recordi ng nmedi um havi ng the easy nmagnetization axis extending in the

di recti on pergerutircll atadreetihe fiongl tidichlovdircestdonhd g rpmadet er m ned
magneti zation direction nay be either one 15 (an upward direction or
downwar d di r esddran)vd rfde: pey pandiiculcars1di rettadea lAggoragipidled, the first
external magnetic field should be applied according to the abovenenti oned
magnet i zat i oncheltee imnis gransdginieityz athiagn thfe tive -hegiteid ardeaydrs ials20 its
entirety in a predetermned direction neans that the entirety of the
magneti c | ayeradreetniegreet i zed in substantially the sanme direction. In a
strict sense, however, it is not always necessary to nmagnetize the entirety
of the magnetic |Gyerheathmn yhand aracs oty &5 hem@rsdantpattern i s
formed may be magnetized in the same direction. The intensity of the first
ext ernal magrienentiijcs,d thereds day e pessihildddydederdifieg tdmat féiecoer ci ve
force of a magnetic recording nedium It is preferable that the magnetic

| ayer is magit-&RUsd anfEgmatduad itdied hepted pesst ovigs ttheewhad nuch as
the static coercive force of. 5 the nagnetic |ayer at rogmtenperature. The

appl i cation SPRB G T g Shedker han SERAT VA Yy codse at
o at st aBOUE S RIS T S KPR SRS S S ARETEr St e
magneti ¢ hayql, Ale Q039 d HIRATR W Pu1 WG 1S nalgWlehqd Y Lfye ability of a
component is applied. Further, the heated area can be
magnetized well since a sufficiently large magnetic field
is applied during the heating. There ig 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



magneti zati on device used for the magnetic field. The roomtenperature is
25C for exanple. The coercive force of the nagnetic recording nmediumis
substantially the same as the coercive force of the magnetic |ayer 15
(recording layer). Wth respect to heating a |ocal portion, heating should
be conducted to the extent that the static coercive force of the magnetic
| ayer is decreased. For exanple) the heating can be conducted to the 20
magneti zati on erasing tenperature of thejinmagnetic layer y or around Curie
tenperature. The heating tenperature is preferably 100C or nore. The
magneti ¢ | ayegenadn tocdd shbdause eaidry i fimifd irenc e cfuan @xtef ndle magneti c
field at 100C or less, tends to indicate a low stability 25 of nmagnetic
dormai ns at rooveteiperbire. o Hovley enggridiel dhelatyeny teanpertadnreel | s desirabl e
to be low in a range capabl e of obtaining a predeterm ned - 21 reduction
of the coercimagrderioe.fidld heafieatient tenperatame ithd andraghe tiherce
diffusion of heat to an area other than the desired area for heating is apt
to occur wherahy hdermplied péssioridingy vef anmkigngtikepatgreni baSipgt tern
uncl ear. Further, there is ssibility that the magnetic layer is

def or ned. SGemfaﬁwlereplmﬁ%gmmgamgr@dmnmtofcamm dammeds ifror med on
the surface of the magnetic recordi ng nedium Accordin , the heating
tenper at ure sHH RIRA | RhLgfosi Hatiqn dr%@rrqa@edr@f«gsr\?t e] o ladhiars e
effect by heating, such as deteri oratl on of the lubricant. The | ubricant
may be det er it atted 1y ‘%fgb‘tﬁﬂﬁi‘s‘?rtal ‘?fr Wee\%‘ﬁbrbﬁ é‘@éﬁ-’ﬁsﬁf%i ght

reducti on by heat, articul ar, ase of us pI’OXI exposure,
the vaporized | ubt? c'g'ﬁ %fétbjo%ri‘ othect Fsk.? nnggHy C§p
heati ng tenperature belowa e. Thus therra tern rmng
met hod of thgfrrplrn Sent® ihVE :ﬁalstoéral(fcan §i€ é“pﬁnét&ct Eetch% r'}‘él&n uf“eC(gﬁ"tﬁ

medi um wi,h accl#bgl&ea%ll QY Ye AT 13l 303 hefrug}gf%edu&%

heating tenperature is pre ound or Tower ¥ i € tenperature

of the nagnety,¢ J aysh W4 Qﬁr{eréﬁy 'éleorf%fr%rart%nt Rt e fiedine

terrperature is not nore than the thermal deconposition tenperature of the
| ubri cant éﬁtﬂé}rp%b%di%satﬂrfﬁhﬂﬁlﬁe%ﬁ Pposakbkecadverperef feghicaused by

t he ther rral econposition of the lubricant |ayer for nmed on the magneti c
recordi ng medirtrarde0rhadhing reasioh duputeati A@producing 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. In
this case, TAA, 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



- 22 tenperature by the irradiation of energy beans to the |ubricant |ayer
shoul d be up to about 250C. The thernmal deconposition tenperature of the

| ubricant |ayer nmeans 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 maxi numintensity of
the second external nagnetic field can be increased, the nethod is suitable
for formng a magnetic 1o pattern in a_l gyer tenperature range. The
direction of the second external magnetic field applied at the sane tine of
heating is genefajdetieppeaidert o 4 e id@atd on nefgridia J idedor@dtey nal
magnetic field. The second external nagnetic field nmay contain only 15 a
pul se-1i ke magREkint dyt eldhenpeneidatdmgmay heA pdxaedn keidmagretic field
conponent and a static nmagnetic field conmponent in conmbination. In the
former case, dppliexanpe)ofl ke pHtsarldlkenaagield ¢ ifdlel dviils generated with
an el ectromagnetic. In the |later case, for exanple, a 20 static nagnetic
field havi ng dexearit@icn nmagnitude is forned with a permanent magnet or an

el ectromagnet, and a magnetic field having the intensity higher than the
static magnetic flrelthe snddraredfam fopuilree & oragnettic gratdleaat romagnetic. I n
the |l ater case, the sumof the 25 pul se-like magnetic field conponent and
the static nEgpeerding dlad tdenmporessm tc dmsteintitoss  ehendiomedrisi gtefernhé ssecond
external magnetic field. - 23 O, the pulse-like magnetic field can be
appl i ed accorf@irmgd &va anstlydna watf ix Sra gAdte TG lc Magimednat &g elsualol yhe
magnetic field is hrought to the proximty of the magnetic recordi ng nedi um
for a short MagEethsy @Yéifaﬁﬁﬂ dagnetd@fetitc Uidiogmly &ﬁplal ed to a portion

of the magnetic recordl diumw th use .of per. net .while the
medi umis r ollf’ar “ﬁ%eﬁﬁﬁ%lﬁé’d ngo&a&ga “ﬁﬁl1§e wi dt h of
t he puI s net hd co or%%nt of t he . secondeext nz}a{l ngﬁetl ¢ lo
e B oot dRvERIDARS o' Enit SR BirSe G SF éne Corsh ExXse 0

?ﬁ?lnefN: gt L' S%’ﬂ%ﬁnllé'%rl% ﬁtl@eldowaﬁn‘@f dt b9l 19 WRgnetict it ¢hdqigndi cates the

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 is applied to a magnetic recording medium to
25 magnetize uniformly the entirety of the magnetic layer in
a predetermined direction. As means for applying the

first external magnetic field, a magnetic head may be



The maxi numintensity of the second external s5 magnetic field should be
high in order to facilitate the formati on of a magnetic pattern, and is
preferably 2/3 or nore as much as the static coercive force at room
tenperature although it varies depending on the characteristics of the
magnetic | ayer of a magnetic 20 recording nedium If the intensity is too
weak, the heated area may not be nagnetized well. More preferably, it is
3/4 or nore as nmuch as the static coercime force at roomtenperature. A
magnetic field stronger than the static coercive force at roomtenperature
may be used. u2bdHowewer elantappbooabl ernpgnebhnenti ehgnehombg be smal | er
than the dynam c coercive force of the magnetic |ayer at roomtenperature
because a | argerngedord ekber namagnet2d4 fragdetscpfbélidedaynabf ect
adversely the nmagnetization of a non-heated area. As the pulse width of the
second ext er pakdrbgnminedf dekdcktsomadershonerer , thdmwe uppers Imaw tbeval ue of
the applicable magnetic field is increased. The 5 value of the dynam c
coerci ve forgeedathesodbpaating-on an application tinme of magnetic field
because as the pulse width of the second external magnetic field is nade
shorter, The dyndm & maenetie recerddngt hediugnbavénpayee gaSK¥oom
tenperature becones large. 10 In the _present invention, the value H (Ce) of
a magnetic fMePBSFAEBRSPRya¥AR BECSNBLRTt LRedtHi LANEREUGANEE B (Gauss) of a
magneti c density. CGenerally, there is the relation of B=uH (where, a
represents péﬁﬁ%ﬁBFPPty}beSPﬁﬁéeFﬁEmiﬁ?ﬁa??%ﬂeB%Z%tﬁ%@n@%FﬁcbéP?e%ﬁ is
generally 15 ﬁarried out in air, . .the gergeagilitg.is 1, and,therefore, the
rel ation of BRR PEMEsPELPYsABBOSHESCHP ptREndiF pFEHR2 nRfie™a¥ieg ERE rel ation

bet ween the tepperature.of heati a local .portion.and the heating tine and
botveon the HBXRGAY PREERE( FoE6P e S0 eRR0na & xtbl NAF MagHbti c i el d and

the appljfatign,tige Wi OnLRECLENCRL! Q4K M D8g Eﬂg-m2%§%?¥é1hégd?ﬁ upper

di agram a di agram of the saturated nagnetization curv the magnetic

| ayer at rOOﬁhtﬁﬂﬁﬁ?ﬁéHEE 98@o£8iﬁ?|ﬂé§£uHiHQG§H§ gndi @gcgm of the
saturated magneti zafion curve 25 of the magnetic | ayer at” the tenperature

of the heateglagheaiyheishnakhe aksehgsagr enresendisrébeibntensity H of the
external magnetic field and the ordinate represents
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 is 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



- 25 the magnetization Mof the nmagnetic layer at this nmoment. Fig. 7
shows the preferred range of the maximumintensity of the second external
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 magnetic |ayer at roomtenperature does
not cause denagneti zation (weak magneti zation) or is not nagnetized in the
opposite direction (i.e., to the extent 4jhat the nagnetization of io the
magnetic | ayer at roomtenperature keeps Mil or nore). However, in view of
t he | ower di agvaie tle¢emagnetli depaydingt ohhehtenperativee fokca héated area
has to be strong to such extent of being magnetized in the opposite

di rection (i magnetact mecextiéeny mkdtiumhe haghetprafewcabbé thet 1Sheragneti c

| ayer at the tenperature of the heated area is far from M2 in a negative
di rection. Wsegnehecsabyeat ienmpageéetzedf byl d nsgnepieséneéd a§ &k, it is
preferable that Mhl is 0.70 Ms or nore, nore preferably 0.85 Ms or nore.
Thi s princi plleabgatiwot hameg0ashmugbppers thei stasiti apeedive Fercénofhe ot her
hand, it is preferable that Mi2 is -0.70 Ms or lower, nore preferably,
-0.85 Ms or kBRemagTRE3CplpKerphe realstemaerahoreowd?he japplicationted to
-Ms. Fig. 8 is a sem-logarithmc graph showi ng the 25 rel ati on between the
magnetic fiePd PnPe@rBPEyCnééesdargaksr HBABghBRF ZER1BA BRYrE8FSe

magneti zation ang treating tinme, The upper graph shows a so-called room

tenper at ure 1PSUBEICLRRFARREPRELFREWARCh TG 8s ditfyrimRRT N 18£ t hat
the magnetic _field in ens%t ghich auses demagnet| zation of tﬁe magneti c
| ayer at room ' telperatafe %é} ed®dd eﬂaFEgagﬂug ﬁa%ﬁ@??cafi@Fa application
time (a treating tLoe). 5 The,shorter Lbe mranetice fleld application time
is, the larger t iie magnetrc frelarn ensi%y necessary of causi ng

demagnet j zat | I ic:La ‘o e ; h_.shows a so-call ed
gnetyys tgﬁFbPaEBﬁeﬁaﬁﬂ§Eh ik Xgﬁh#%ﬂ g?dF%grgélgéégio§ 9

heating tenperature characteristics agrammatically
that the magpghherfibgtdohnieBsktYused for the magnetic field. The

room temperature i1s 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



necessary for magnetizing the magnetic |ayer at the roomtenperature of the
heated area in a opposite direction varies depending on a heating tinme (a
treating tinme). Nanmely, as the heating tine (treating tine) is longer, i5
the tenperature of the heated area becones high and the coercive force is
decreased, whereby the magnetic field intensity necessary for magnetizing
in the opposite direction becones smaller. FromFig. 8, when the heating
time and the 2o application time of the second external nagnetic field are
determ ned, the preferred range of the maximumintensity of the second
external magnsdducdicl dbf sideteididiat (fdreg.ange bakwhaeattihg mn and max in
Fig. 8). The pulse width of the second external nagnetic 25 field is
general | y 100cemseratruteesis toeflarabl ywhel @ingess ian |ofs heaktha ¢ hor teafed he
pul se width of the second external magnetic field is, the |larger the upper
limt of - @hert thaapphe ald el mahretdec ffdrellthating tid sgrecausedure val ue
of dynam c coercive force varies depending on the nagnetic field

appl i cati on twheseland:-hedre sihora grostdhdiguiltse ofi diefkiofy tthe segoedt iext er nal
magnetic field is, 5 larger the dynam c coercive force of the magnetic
field at pPoomatdrpay angledrs. Fhetbeksethkdehibsappesethblyty nbet or |ess.
However, the pulse width is preferably 10 nsec or nore. |f the pulse width
is too short  thehenagnedric leyeciive dediagdeasecofenerat g, wit hubhécarsul t t hat
so the second external nmagnetic field necessary for magnetizing the heated
area becomes 1aefe cammpsed e dudirgast figl Ifioggest orhéheaghetiaeef iodl d t akes
a certain tinme, which derives fromthe characteristics of a

used .

el ect r omagnetthe MBI Y &FEFHGD MR MaghrEa8e1 B8 LY het s Raghétoc
field, thereis a limt to shaorten_the pulse width. Accardingly, the pulse
W Gtn' i S pr cSTHHYAEE MGl Heodew e @0 S L0 CHtEeh ot PERGeRbgnet | o
field indicates t | 1_ dth.at . half. Xi When , pul.se- | i.ke ener gy
beans argousea%1 faéirq’e%esa ienf\ge%%’lﬁ 61§§]t161§?t is'(‘)r'rfr%,%’l fine S&Esré‘ovr\na tlﬁ’nmpr%t he
second exter qxggﬁq fie S t S ' sabl e
pul sel i ke en;?lgfy eangaglrt 'rm]rrg.e Tﬂ?ﬂ%?c?{gtlggg P#étﬁ%%nggﬁéf%%af?gl d may
change duri ngeAlJJRG 8 Jr0eR mRYF Boratd 22929445 ReRehC rRaLELRiBN S Nnot
obtai nable. 25 Further, it is preferable that the pul se-li ke energy beans
i's synchroni 35¢ Wddt .t henpphseibihkgrsecand exterpal useghepieximety and they
are applied sinultaneously. Thus,

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



- 28 a magnetic field necessary for causing the reverse nmagnetization can
effectively be applied before the coercive force of an area which has been
heat ed by energy beans whereby the coercive force has once been decreased 5
is recovered due to the reduction of tenperature. Cenerally, the pul se

wi dth of the magnetic field is considered to be |onger than the pulse width
of the energy beans. Accordingly, pulsed energy beans should be applied
during the application of a pul sed magnejjc field. 1o In particular, it is
preferable that the pul sed second external magnetic field is applied and

t he pul sed eremgyrheans ayetapplreddbetobs o6f ahethg bebaRsOtot BRenMBgNEti C
field being maximal. However, if the application of the pul sed energy beans
is too earlyltpeitarpenayvresabullBebdSupeabedhanear deur casee hekeng it he

pul sed magnetic field becomes the maxi mumintensity, and the coercive force
may recover. dacoapdsngliyn temperpteter abl ehehatbtheaht nbadetf reence bet ween
the tinme of irradiating energy beans and the tine of obtaining the maxi num
magneti c fi ektei $oR8sB0tamperatukessn dbtemperfieuabl yangeninowvhstoul d be
made so that pul sed energy beans be applied at the nonent that the magnetic
field beconesnyaxmabnpytt henapphedatnohhef luhei pathsetlagerond ext er nal
magnetic field. Further, it is preferable that the nonent that the 25
magneti c fi elgnp&esAesbiakeatl cAnenehey fp@@ns - t hat the tenperature of the
area irradi ated by energy beans becones the hi ghest occur sinultaneously.

- 29 In a case R fhenPr§SE fadREERELpEL t 8EACBYthEr BAKANIAG to a nagnetic
recordi ng nmedi um pul sed_energy beans repeatedly) it is preferable that the
pul se wi dth oPtEREIEECBAJTBRt BFRANI nBYhet iRl fRadetic gbhetdl F§1 192 5 tines
or |ess mﬁth.resgect to %ge irﬁagiation.gﬁé'od of %he ul sed ener beans,
more pref er abPGTe3Pe0 t FiEsTBFPEsLS Fif € pF *F et AHMYNY 17 1PRIRETES or

| ess. Byléhe S?Eisfaction of s ion, the intensity of an applicable

h |
second ex erﬁg ﬁﬁané?i% %?%?ﬁuggﬂégﬁgé%r?IE&?%WE; a strong magnetic field
can be applied whaouh BLEELT BY BHAKCLEELYqALxBLERL O RELLLDAD FhE) feat ed

area, and an excellent nmagnetic pattern can scrrption will be

nmade with refgrencg L0 Fhe: s8meABiMENLE OREL: Def 018, g&hGraBii Sofbosite

sem -l ogarithmc 15 graph showi ng the relation between the magnetic
intensity neegssneydipectesRgoet tEat FDAsOreX EXEISE mBgmetiZationgin an

opposite direction and the treating tine. For exanple, when the irradiation
period of energyTheasecbadleftaraal madnéhecsetend ax{yecoataimgoelyc field
is applied with 20 the sane pul se width of 100 nsec, the margin of the
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.



intensity of the applicable second external magnetic field is only about
1/3 in scale. However, when the second external nagnetic field is applied
with a pulse width of 1 nsec which is 1/100 tines as nmuch as the 25
irradiation period of the energy beans, the margin of the intensity of the
appl i cabl e second external nmagnetic field can be widened to about 1 in
scal e. Accordingly, - 30 even when the intensity of the second external
magnetic field has a certain fluctuationgsthere m ght not affect adversely
t he magneti zation direction of a non-heated area, and it is possible to
forma good magnetd c ftad trar &b IStlebInagridte pridisand dan esd iapbliised n
particul ar advantageous in the application to a magnetic recordi ng nedi um
havi ng a hi glaadymaning deerec imetHoar cdhadr aamasREtmedhiichn gearrexaspl e, a
magnetic recording nediumwith two 1o magnetic |ayers: a magnetic |ayer for
recordi ng andismadtlabid imeigng triwg fetele i@y droughike¢p aheheroadimdtgbiolfi ty, nmay
be nmentioned. Since the stabilizing magnetic | ayer serves to suppress the

i nst ant aneous-hee weige tnwg nretdozatiingn mefd iuive floec ar dhogtnmagmet.i cFbayer, the 15
dynam c coercive force is strong. According to the conventional nethod, it
is diffichltexeridrem @ magmettilc fdetler is mprdield tedhupormhien afi ékeer nal
magnetic field having an intensity near or in the proximty of the static
coerci ve for&@gnetisplries@®riding peddam wkahf gsm) ofna2pesyweakenénmagagtiet i ¢
pattern can be fornmed. The present invention is preferably applicable to

t he formati oMhdflea thggmedidmatt &Ph A A§ PnPEFRRLPEALINGE €88EFol 1ing a
recor di ng/ reproduci n neti ¢ _head, for .exanple, a nagneti ¢ pattern

capabl e of genera’flc‘%rrfgm% Wyndie oSS potth @t FhSoSiSed 1 t he magneti ¢

head. The informati.on f.or controllin 0 contrgl a.reco dinglégggoducing

means such al g Aot e Resd By er 8F thE RGCPRS FAFSFHAL BRUTEGE
exanpl e, t idehudgs 3 3ervad niQpyt ian,or,RORS Lani,ag.Lhe cmagpet i c head

on a data track, an address in I on snow ng e position

magnet i 0 headeardie.dedbum rappsuachianaus 1LE RO 5 Lor £an k! I ng

t he speed of recording or reproducing e magneti1 c head, and so on.

Further it inpgkudggnatstandand kakeearbisornbasgdionivkhchct Rgigerve
information is witten later. The magnetic pattern usable for controlling

shoul d 1o bembarimeeh.W th high accuracy. In particular, the servo
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



pattern is a pattern for controlling positions on data tracks. If the servo
pattern is inaccurate, position control for the head beconmes 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 nmediumis
i ncreased, the servo pattern should be fornmed with high accuracy. In the
present invention, since a highly accurate servo pattern or a standard
pattern can be obtained, the 20 present jnvention provides a remarkabl e
effect when it is applied to, in particular, a nagnetic recordi ng nedi um
for high dengiabyeteeordend sughadscemecaaigersgley thackadarsitytabnd@fkTPl or
nore. More detailed explanation will be made as to the 25 second external
magneti c fi ekdnoharathd aedaum As oifie apdl s&-¥idkehfof mhe heedon@cti on of
applying the external magnetic field is - 32 preferably either anong

ci rcunf er ent ealternadi abgardiverftieddl idi medei sherwetrh tespeppetoltiheétdi sk
surface. The second external magnetic field may be applied in a pulse form
by using, fowaéxenplfethanapbédtrbimgmegneAib corbinati oncokaaeger Mément
magneti c and an el ectromagnet nmay be used. A magnetic field having a
certain intewsilty p§ tbeativpafscacpearliye dppLeevabyesedapesflingeoper manent
magnet, and in addition to this, a pulse-like magnetic field is applied by
means of theasl eppléraghen. tivepnfampgnetéccéiirlhaberguacsaal Ehenduct ance
is preferably used since the pulse width can be narrowed and _the nmagnetic
field applicBtilef vifEhcah bBesEBFPBAegXtrtRRheFaTRS dRefippe 1s made

el ectromagnetic nmay be used for the pe[nan%nt magnet, The | ater can nake a
magnetic 15 FPEF§efo bBeaPyPRBYC RO§LRAVSe PGFﬁ]gﬁtheiﬁaQBﬁﬁéFi B¥ehi t h
the former. ner a dif%icult fgr the el ectromagnet to shorten the

[Ty, it i
pul se width & Fﬂ8mnéﬁﬂé?régFF8I CFEMEPr oRGEF: Accordingly, the pul se width

can easi be shartened by the l.ater. .20 | c t hat, .t he second ext er nal
nagneticlgield ignfggﬁegr fepﬁelggﬁgfﬁgpro%h%fV§§§Fapiéon&gﬁgt%c field and

a pul se-like :LC £t Leld; ragnet i cyLi LE lt 2 static
nagnetic fiewgagﬁggkdeggénﬁ %Egsgﬁgne%heb%tnggtgggggﬁvglgﬁr%ggof t he
magnetic | ayggigb E0Q5h3§s§eHPeéaﬁHgﬁetEEeﬁéﬁéﬁkyu Idensr2] By orch@ss of the

static coercive force, nore preferably, 1/2 or less. If it i's too large, a
formed nagnetkctpat tenAatisni BEl sepgedwhere p represents permeability).
Since the formation of a magnetic pattern is generally
15 carried out in air, the permeability is 1, and therefore,
the relation of B=H is 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



- 33 adversely whereby the output is reduced and the nodul ati on becones
poor. There is no lower Iimt. However, when the nmagnetic field intensity
is too weak, the formation of the static magnetic field is useless. 5
Accordingly, it should be at |east 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 1o expressed by an absol ute value w thout any sign. By the way,
when an area whi ch has been nmagnetized in a direction is applied with an
external magrekl aabneltd zlak ibhe MOpBoshee mdghetticonagad thethikemsmeytof the
external magnetic field is gradually increased fromzero, the 15 reversa

of magnetic donuimigy .begisinuwgy athealdrefetied Magias off ahet haxdxier nal

magnetic field at which the reversal of magnetic domains occurs first is
referred to asteheimycld&athgesecahdngxregneli satihekdc( fakédsi tiyamddy, In a
B-H loop, this Hn is expressed as the bending point. 20 In Fig. 7) when the
di rection of itnikoumdergnebdzahbeonins tekpuepseddiygaaposihevaeagignmand t he
direction of reverse magnetization is expressed by a negative sign, the

di recti ons of iapphgity blie thecendorxt extekrnmagnephetficelfdeild bapr esskbd by a
negative sign. 25 In this case, it is preferable for a magnetic recording
medi um wher eWrakkaedutbeancenskanktnghatghbei taghekdcHhaysragdtarneyati ve
side that the static magnetic field has - 34 a negative sign and the
nmagneti c fi eF8MPREafErey d0gEsBPGt EaVaPUERTPENSRAFRELORhANeRKe nucl ear
generating magneti ¢ field Hn. \Wen the intensity of the static magnetic
field i s smalPEReERZACERRY BF ﬂﬁenﬁﬁcpéaPeﬁléﬁﬂeﬁachﬁ RBEARELFE field Hn, a
magnetic pattern can be.formed with hi [ because there i I|ttIe
"1 dence t oCtREGRPEC AR -of OnF PGr HKAGHerFokt FBF PORRELLpRECPBUSTy. I n

t he contrary ase tion_of unlfo ation is

3
o conetd by e Baghitcy ?éxe'aﬁggt R 80, FetPes R Lk O R R hE s RokR) on 1 s
expressed by.a,pos1i Vg Sialy okhend §66LL0R; 9fBRP! ¥HDOnLhgSegoRdy gyt nal

magnetic fie I'S expresseéd by a posi |ve Si g I's C
preferable fQE %h@eﬁbﬂgb%@€&§bnokhs 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 is
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



15 nucl ear generating magnetic field Hh is at a positive side that the
static magnetic field has a positive sign and the intensity of the nmagnetic
field (absolute value) is smaller than the nucl ear generating magnetic
field Hn (absolute value). 20 In the enbodi nents of the present invention,
the intensity of the second external magnetic field is the sumof the
static magnetic field and the pul se-1ike magnetic field. Accordingly, when
the intensity of the static magnetic fiepg is determ ned, the intensity of
the 25 pulse-like magnetic field required for the reversal of magnetization
can si nul t anetsdday e idatier hieth ihidiicatpseldpahbentiidtallne eheat rorBagnet
be so designed that the - 35 power is kept to the mninumin a range
capabl e of gererattiing fa qlul sSertlenicd tiyagheicihc chiveled Hawveagges inatdssaof
intensity. Wth this, the size of the el ectromgnet capabl e of generating a
pul se-1i ke magretmiagriatdlad lagem@ts raon respsrayunecessary fepende ngever sal
of magnetization can be determ ned and the inductance of the el ectromagnet
can be suppr essed negne tigqfiiedd mppligmtiaiuéimghdrebyebiengultsameni-dt h can
be shortened. The maximumintensity of the el ectromagnet is correlated with
t he i nductban@&e Ehoangn hdesmaldnetichdigdd prpmlisneasnt fime, ishe theal | er
the inductance is. Therefore, it is possible to generate a magnetic field
havi ng a shorf@geguitde Wedrietis Fagret fetPreidyhaeragsaryhéptrecagsisg wi dt h
has an advantage as follows. In the application of .a nagnetic field

t oget her 15 WMRIHELiZRF1orhéapbri FEEP6H16f 1aYFul 4810 ke magnetic fiel d
can be finished before a heated portion spre%gj %gg§§inably by the heat
conduction. Accordthdiqreta Hés C&¥Sp &t 38 T ocarft 2ty Fe” obt ai ned.

Furt her, fi [ . I f d. 20 Here, wh
he squir o 1 KBRS SRE eer P 480 aEng REt (ROTSBERCor, (he nubl ear

generating magny ?%F%kﬁggﬂggggﬁakfkﬁ%i%Sé*gk&%g%iewﬁeEﬁ?én@@;@pp'icab'e

static magnetic ccordin , the Infensity of “the static

magnetic field gl E&V%oEOPBBﬂe%ﬁ%QBS ehbehaghef3-MgPeY Gif kekd B?ﬁfﬁzary

for causing the reversal of magnetization can be increased, so tha
intensity of rappeRRIthGaPLE RUkSB=hika ARE@RCLLCAf bBpHstBB BersepRb@SSed -

36
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



to be smaller. Nanely, it is enough to use an el ectromagnet having a
smal | er power. Such el ectromagnet can shorten the pul se width, whereby a
finer magnetic pattern can be fornmed. In order to forma fine magnetic 5
pattern, it is preferable to use a magnetic recordi ng nmedi um having a
square rate of 0.8 or nore, nore preferably, a nmagnetic recordi ng nedi um
having 0.9 or nore. Cenerally, a perpendicular magnetic recordi ng nmedi um
has a good square rate, and therefore,_i47is 1o suitable for this purpose.
In order to magnetize efficiently a nmedium having a high coercive force

whi ch i s sui ttalel egpdridaibgle deasetycr édceld ng, aIpefseabecius@gtieé such as a
magnet of ferrite, a nagnet of neodymumtype rate earth, a nagnet of 15
samar i um cobalafluley pef Kaghamaar thearit’befbirke wvarpeef depbhd@ingt ohs theef er abl e
to attach a chip of ferromagnetic material such as iron at an end of the
per manent nmagrenetrict dieldngepiiheashapetamet hendndhposhbohewnf thke per manent
magnet because the magnetic field intensity is 20 weaker at the end portion
of the per mperdtsenmguieh. ofi thet besonthextragneili mathekdci Ait.ehdi ig,in the
vicinity of the end portion of the permanent magnet can be increased, and

t he intensityasbean tispdyeanic aagneive frsrd edntbe maduetarf dimldver the
entire pattern formng area even_in a 25 case that a magnetic pattern is
formed by ut @t iogg tkEPeratpset isn ofhe Heulseiwid5h of s thieeferdakent magnet
fromthe restriction_of the structure of the device., - 37 An external
magneti c fi efFeFaPrhee8spl i BaWevget here i ks e el dde ohdl s el lvmbhet i c

field over a wi de heated area, where a rality of nagnetic patterns can

be formed at “£6Ci RE. M8TFn al aE%?t@Hig%(ﬂigéhm%ﬁiﬁéﬁi%@?ﬁ%ﬂhﬁﬁ%g to the

entire surfa§g ok.a na%negic recgrd'gg ngdiyn1ag a.E#ng it islge§#rgble

apply the se&dhd™ekt &Pnal ¥eghef e PPEPE=Bn thé®efitire Eﬁrfﬁﬁg f “PR

medi um aj, t Ne3ame LIPSOl kg1 GaklLOg; Sor 81 honLaL LA, [ReRet i ¢ pattern. N
't O form attern

this 1o case, I'S possi bl'e € magnetic p I'n a shorter tine

and to redPCﬁaﬁﬁékizhﬂgatﬁéSEeQEeBPQ£¥£“BeéoHEQ”§££§efiE&fhéé’£H@y a part
of the medium “the arrangenent of a nagnet or magneis is contrived or a

uni que instryRALg $rusadiiAgNBRYtRasSRsgRetiBakithe 2akaBoaetbethigl d does
not extend to the other area. However, it is unnecessary to take such

speci al neasgige, WwbAchhaeprigast Feohi ehd tRaappteedstocthereat igedsurface
of the medium Further, since it is unnecessary to use a rotating or noving
nmeans, the cedsttuctiagnetdf thehdeghcde@endangbensthpl mégeritudadofaghetic
recordi ng medi a can be produced econonically. Wen the nediumis, for
exanpl e, 12 smabhedisk fliekd, nthacei tsracdinihgtaedhantbavihg nullsanet er of

2.5 inches or |ess, energy beans can be irradiated along wth the
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,



25 application of a magnetic field to the entire surface of the disk by
using a sinple arrangenent or nmeans. The nediumis preferably of a dianeter
of 1 inch or |ess. - 38 Wien a magnetic field is to be applied to a

di skl i ke magnetic recording mediumin its circunferential direction, a

| arge pul sed current should be supplied in a vertical direction to the
center of the nediumwhereby a 5 magnetic field in a circunferenti al
direction can easily be fornmed. This techpique is preferably applicable to,
in particular, a small disk-1ike magnetic recordi ng nmedi um having a

di aneter of & imgnarid d€sield\exceddreryndgnetdanspaldt ethe frervmrnzsg devi ce of
the so present invention will be described. The magnetic pattern formng
devi ce of t hengyregeintat imrertaro e fdeygirivedy deheipdiligdnbaforeorthieol di ng a
magneti c recordi ng medi um an energy beam source for emtting energy beans,
a proj ecti on arearnsi feorf s edt iang agBaandh iiaty ddisatieeg hiee tedebyy ebeagy fr om
the energy beam source to the magnetic recording nedium and a nagnetic
field gener atteagsredrer dfor tdenacsriaigy ea fexlose hiaisk oneeg beeinc deiceled sednponent
to be applied to the magnetic recording nmedium 20 First, the magnetic

r ecor di ng5medisumestivEr 93 Jureehcodley resisdtiore@fi feapgiraderieon is fi xed by
t he hol ding neans. A pulse-like magnetic_field is applied to the magnetic
recor di ng medi um3sASHEENY oftheh@Wdighetidth il Fhgensongtig fedd & the
sanme tinme, energy beans 25 em_tted fromthe energy beam source are

i rradiated by WEHRETH (49 B5r IP8GE o F as Bullgg PRLEE REghEEi ¢ recording
medi um so that the gfdiun1ig hea&ed ocall¥. g & 39 Ag a result. the
magnet i zat i off ARG n PRECETERIIMer BUHRE cBRFEIV ePFoTE S TR R PR ased
by heating is_rever sl i S oo 1S _pref I [ se. sk
et veon the SRERGY<h o ER e gHi e ian o & B3R HGHeREE Slel ha
the intensity. di Hellial f. the r a IS a Isn nse to a
nagneticqgatﬁ%}hé%ghgélfgﬂngé &E@F§%§e2¥€ﬁ%ra FFytg Eggggg g%gggacan be

formed at a iRy U bhghetWen 13N eligCbippTagRehnks theegudselinenangyet i
field generating neans, a

beams are applied before or at the time of the magnetic
field being maximal. However, 1f 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 is
20 30 pusec 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 1s 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.



so magnetic field having a pulse-like nmagnetic field conmponent can easily
be applied. Wien a conbination of a permanent nagnet and an el ectronagnet
is used, a pulselike magnetic field having a large intensity can be
applied. 15 Several enbodinents of the magnetic pattern form ng device of
the present invention will be described. However, the present invention is
not limted to these enbodinents as |ong as nodifications are not beyond
the range of the present invention. 2o Igythe followi ng, a magnetic pattern
form ng device according to the present invention will be described with
reference to drawnngs calsieg.ofl ficsmdndi agmagnetiicabavicevnpait |y
crosssecti oned show ng an enbodi nent of the nmagnetic pattern z5 form ng
devi ce accordrngdiaetihg ppesemtghaveént reaprdndgFngdifmi suaspérepecyyve vi ew
of the device shown in Fig. 1. - 40 A non-transm ssive |ayer 2A having
an engraved beatiner nepsatedilai dtonsaprednsphtenthgaubsheapel 28 wndihi ch a
photomask 2 is fornmed, and they are fixed to the shaft of a notor 6

t oget her wit hfathagaetpodr esordnad Bagpdrum fieddt hat geherabhyt t&Asmni ssive
| ayer 2A is apart fromthe magnetic recording nmedium 1 by a predetern ned
di stance by tsinAg arspeserwinh pegpeqtntpi peel13rradprbipaederhodhefshaft of
the notor 6. The nagnetic recording nedium11l and the photomask 2 are fixed
to the lo noEBe BRAFEAbGNEREYaPERBA. oPOvacRuRf ey di hgly, tiReh PHe notor
6 is rotated, the nagnetic recording nedium 1 and the_ photomask 2 are
rotated simutB8ReotiFiherhBreperabin of 1P et iBedroFmyeH®:- an intermittent
operation repeating Lotation and.sto p&gﬁeterninggeangle or _a 15

b
conti nuous oper aE¥ok FoFéFFﬁ&aFﬁéﬁPuEFf%P%Py. AtEPYs. hBtSRSERE not or
spindle noto 6 i I, ed at a.side of netic.recordin di um 1.
Lohevor - 1t AEveBerRpd bERBEE kol e b hal AT R ot O R P Sl Re D
roducti , n r n' | e. it
P onsy ' ELPxERIBNIETEREARY hafnbBLE 285G Shn) SPARLELEY F1DAGRLSE s

8 irradiat ed, EEQpt dRgCRALEY SDEPMLACHBEAL b P FEAAS, ( ERETGYa DEQM SOKT CE) 9
are passed through a honogeni zer 7 where the energy density is 25

equal i zed. ThggegHakkeed1BALr A¥gRERIE B&ELLASSEENtBEOEGImaA. openi ng 4
having a predeterm ned shape, forned in a shading plate 3. Energy beans
whi ch pass tbesdghption 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,



- 41 patterned openings in the non-transm ssive |ayer 2A on the photomask
reach the surface of the magnetic recording nmedium1l. Thus, only the
surface of the portion of the magnetic recording nedium 1l irradi ated 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 nediumis
di sposed between the photonmask 2 and the shading plate 3. However, it may
be or may not be io fixed to the shadihgyplate 3. The magnetic field
generating nmeans 5 may be di sposed at only a rear surface side of the
magneti c recerdnngherdittim inoenatithovh shdesecdhd spitrdhelmatgnebicshadi ng
pl ate 3, honopgeni zer 7 and energy beam generating neans (energy beam
source) 9 ar€idddf heedat ceatatuppditichgatabhe therA séghar hak epérihg 4 is
formed in the shading plate 3) and energy beans passed through the
sectorial opedvegsélyothavmagnsedteriah durtatéoar ed mreach-hketphiot omask 2.
The photomask 2 and the magnetic recording nedium 1l are rotated 20

si mul t aneouskyein andt ateief pbesnhlei kedfvomt hegehdf maghethe ppihdiks not or
6 during which the sectorial energy beans 8 are irradiated onto the entire
surface of thké&akagnetic recording nmedium1. In order to forma good
magnetic pattern, the 25 distance between the mask and the nmagnetic
recordi ng medi umT&oBrEsSEBtuANVENMLER Lhe 1BoREERLFNEEE QIVEREaIreMSt hi s
purpose, it is preferable to dispose a nonitoring _ - 42 _device for

obser vi ng anlanEPféP@ﬁé@aFFPﬁgéomﬁiEﬂgﬁﬁ9l§eﬁ%FQF@18ﬁ PReHBgheYieg
recordi ng nedi um Iéhou h it is not shown in drawing. \Wen the distance

bet ween t he ﬁagkggn YPR lﬁaﬁﬂ@FF&V?e£BF8?narnﬁﬂiﬁﬁ?i?e ntf'ormon the 5

concentri cal cirgle, an igterference trin%E of concep@ricaLﬁgircle

generates on t hef MgREPMRPec8r BPHGCRAG ORCCOH PR ™SEHEM HARE, “When t he
Gt ancey et uggfel e P35k 200 g FREREL ykpcgegt DRCTEALHT pguaurt o7 on
circle gener@%ﬁﬁi?@zﬁﬂ& HQQH@EEE ig9gfd£89keep a thermal stability,
may be mentioned. Since the stabilizing magnetic layer
serves to suppress the instantaneous reverse
magnetization of the recording magnetic layer, the
15 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
20 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
25 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



medi um Accordingly, the provision of the nonitoring device for observing
an interference fringe nakes adjustnent easy so that the distance between
the mask and the nagnetic recording nmediumis uniformon the 15
concentrical circle. Next, the magnetic field generating neans and the
magnetic pattern formng nethod of the present invention will be descri bed.
Fig. 3(a) is a plan view showi ng the magnetic 20 pattern form ng nethod
according to a first enbodi nent of the_pgesent invention and Fig. 3(b) is a
cross-sectional view taken along a line B-B. A photomask 24 is placed on a
| ongi t udi nal usdgrettihe riedordiatg onedi Box 2éxbyplat ei poshagudespaceerdd. A 25
shadi ng plate 23 is disposed above the photomask 24, and energy beans 25
are irradi at edfommeadglona copeoisig 128angf thiee melgaditng pleatieo23a Hatkhe
photomask 24, a - 43 transmi ssive portion and a non-transm ssive portion
are forned saraskt o ahoremida esmgnetfioomadtioar shoRéenganbet peeghebvs 2Zathl pol e)
and 22b (S pole) are attached to the shading plate 23 at both sides of the
5 openi ng 23aagasd igi headr oncdiles medlivwt r engacsyop8as 28bogmehipor med by
winding a wwre plural tines in a |oop formare disposed adjacent to the

per manent 5 madgREt sopZzolidng ket BPeedpefnifert dxrgnets repeodNcpBbelyand 22d
(S pole) are attached to the opposite face of the nagnetic so recording
medi um 21, aféiCalMPIEGlka Cchicrs ( érecEroRBgnet ey theh, 1 pebnehe®es ot ned by
winding a wire plural tinmes in a |oop form are_di sposed adjacent to the

per manent nagheR&azs. infogmatienybaseg encyPishoghe sspVEr nARETAFLGT
connected i5.,with, conqu ting wire, and their both ends are connected to a
d.c. power s&&r@glgf?na @gﬁébitor 32 and a thyristor 33 as shown in Fig. 3.
The air-core coiH%_28a, 28h are re§999&¥&ﬁ£yfbent i_n algilike formso as to

be attached to or detaehed 11 oM Tha magnetic recor Fﬁﬁ negﬁuﬁFffl easily.

I thi's ¢asepel tolnehl gherablienl acRLOULge argayer. IUR,of andlofkfpgnet i c

material such as stainless st around"the ait-core co!1s. he provi si on
of the cover pareuwnd tRe aphreerd ¢kl dohtr8dYanLageeusibAst BR 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 kKTPI 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



25 follow ng 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 nmay deposit on the - 44 magnetic recording nedium or the mask
whereby a defect of printing may cause. Thus, the provision of the cover
prevents the deposition of dust on the magnetic recording nedium Further,
it is preferable to adopt such neasures 5 that air inside the cover is
sucked together with the dust. The magnegj ¢ recordi ng nedi um 21 has) for
exanple, a static coercive force at roomtenperature of 3,000 Ce and a
dynam c coer preéetrabteg efitBef08mGrg andcusfprentdas| yrddiahgaedi zed
uniformy in a predeterm ned direction by neans of an el ectronagnet of
about 10 kCeveToithé dageetionsewdtdi ngspediump theaeghneki suffatd. of an
intensity of about 1,500 to 2,000 Ce is always applied in a direction
opposite to the @heesecondokxtrirhelmagnabgnefieadi naybpenepniiefl fhe

per manent nmagnets 22a to 22d. In order to apply a pul se-1ike external
magnetic fi ekdpudspofenn by deinher efier efampbe. exanplestudpagnseyeril
hundred volts is given to the capacitor 32 by 20 neans of the d.c. power
source 315 THemPihatipggef 3i HAENANSNEARIAE BHC f3eth a0 t¢] ggromrenele 34 at
a timng of applying an external nmagnetic field. Wien the trigger signal is
inputted to PRE éaﬂéStf%rm%ama%ettlﬁ‘e fiRA4d Seorings @ R @ ide it enaitivent
flows instantaneously to the 25 air-core, coils 28a, 28b due to a potenti al
difference i hStHéueéi)ﬁc#%?tB%‘?“mé WRDTSA IFY tHRAPR| - FRK PSR ePR T

produces a puIse-Like aagneté field wt for
h

h, | e, - 45, |
W dth of 200MBEBEC ANGRENEE NESTHEIOR NTenSEtS, of BbbER 1 HD0RREPE band ¢ he

coils. As shown,i.n.Fig, b),.since the netjc field produced by the
air-core coi %eﬁgafsz gé?éegya%e%%s %EE@ i%&%F?ﬁﬁﬁ%ﬁé%Ffield for the

e e CisLAERRESPETERL ROk Soh oy Bl ke moneL
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 is
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



On the other hand, the trigger signal fromthe 1o trigger device 34 is
inputted to an energy beam source 36 for emtting, for exanple, exciner

| aser (wavel ength: 248 nn) through a del ay device 35 whereby pul se-1ike
energy beans are generated. The energy beans are passed through a
programmabl e shutter, a beam expander, a prismarray s5 and so on (not
shown), and are irradiated as pul se-1i ke energy beans 25 having, for
exanple, a pulse width of several tens. nggc and an energy density of 100 to
200 M / cnmZ . Usually, the rising or falling of the nagnetic field 20
gener at ed by agivegisedyr ehegebly takesuapoer tai netiinedduedt ohiet s
characteristics. Accordingly, the em ssion tinme of the energy beans should
be adj usted mpdudiangonhbedehmay gevirce e idato thewenetrgyiteans 25 are
irradi ated just when the magnetic intensity becomes maximal. Wth such z5
adj ust nent, &dopelvee-| wkennmabremagneétéebdfoéldbdnteBs009 Os tnotweak,can be
applied at the sane tine of the irradiation of the energy beans 25. Since

t he dynam ¢ the 46rmetépuvi v€ fbecetafithwapeated &ieddi nst heeirmgaetic
recording nmedium 21 is reduced to 3,000 Ce or less, only the heated area is
magnet i zed r égeprzdingby.t he phbueéd| bkeabnynestclfBepd wherebgtacmagnetic
pattern is fornmed. By 5 the way, a pulse-like current nmay be supplied
directly froﬁpﬁﬁélﬂ.ecfoﬁéﬂepfsgh?c’éaW?ﬁbﬁt1ﬁ¥?ﬁga’€héo@ap’éﬁﬁﬂPéF?tFrgz 4( a)
is a plan view showi ng the nmagnetic pattern form ng nmethod according to a
second enbodfRENETSFPRE - present invention and Fig. 4(b) is a cross 10
sectional view taken along a l.ine CGC. The second enbodi nent t he sane as

IS,
the first enbodi Aent-2&x@EptSt A/t PREr MEBFECBOIPSP3852FY 2§dl§réﬁﬁ§ed i nst ead
of the air-core chIstZBa agg 28b, A gpotogaék 24 is laCﬁd gg a
| ongi t udi nal SREGRELFEEI8Tr eEBP AT RESHBAMYIN 21 RS ?ﬂ?g?gbgi §%a%splcer 27. A
shadi ng ate 23 i s _di sposed_ahove, t he_phot o k 24, Eneg b 25 are
rrad ot i S PRE B R Baeh SASORTEtgRe SRCobR A 2B of  The. SHATG pl ate

23. A transi,sgi venoAr £Lh0gy 800,71 DANRLLANSIL SRLYE PO LAOag e 20 formed in

t he phot oma 4 so as to correspond to a nagnefic patfern to be forned.

Permanent magreter22a €N RELE) c@NH: 2RDak SeROL B Br Raghbached; Loqt bg shading
plate 23 at both sides of the opening 23a. Air-core coils (el ectromagnetic)

29a, 29b 25 eaehoppbRRdebyivesdiog andM tkeplutahsityesti théoeptéprglrare
di sposed adj acent to the permanent magnetic 22a, 22b. Permanent magnets 22c
(N pol e) andmagdefScpblie)ldaie 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 is preferable for a magnetic recording

medium wherein the nuclear generating magnetic field Hn

is at a negative side that the static magnetic field has



- 47 attached to the opposite face of the magnetic recordi ng nmedi um 21,
and air-core coils (electromagnets) 29c, 29d each fornmed by wwnding a wire
plural tines in a |loop formare disposed adjacent to the pernanent nagnets
22c, 22d. 5 The air-core coils 29a to 29d are nmutually connected with
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 sanme manner
as in Fig. 3. to The structure of the nagpetic recording medium 21 and the
met hod for applying a pulse-like external magnetic field and pul se-1ike
ener gy beans aameddtd veand gas and tthe tassietdrbddiede@ntintenkid tiyhe first

enbodi nent, the air-core coils 28a, 28b 15 are di sposed extendi ng to upper
and | ower por(tberd wfe tad ueBdiismsmdddererthann thiei sueikeoadi genteraaiingcor e
coils 29a, 29b are at an upper side of the nediumand air-core coils 29c,
29d are at amagwertisi déedfd tHime nBUennthespeténvety. ofcthedsngtye the
attachnment or detachnment of the nedium 20 is easier than that of the first
enbodi nent . Fegnei(ix) fiield plsasmaldwrs hdwinndghalte offaghet nucgaitter n f or i ng
met hod according to a third enbodi nent of the present invention and Fig.
5(b) is as5craspegedtingnakoviedwct kel daliong aamegnetbeDpathernhiced bebodi nent
is the 25 sane as the second enbodi nent except that pernmanent magnets 22a,
22b and ai r - éorasdomis2bd ghegh ageargicypbseauge ShEycahsuppérlsi de of the
medi um - 48 A photomask 24 is placed on a |ongitudinal magnetic

recor di ng nedPé%P?FcﬁytPnFQ?pé%Fﬁﬁt&°§p§€ePnl§°§WaHPﬁ§eﬁPéF§l?§ i s di sposed
above the photonask 24. Ener beans 25 are irradiated to the phot omask

t hrough an 5 8§Eﬁﬂn§rf§&°P§#§¥d in the shading pl ate 23. A transnissive

portion and a noq:tr S S &ye ortion t 19 CttO § 24 so as
to correspond to ﬁgﬁhéi ﬁgt §AY S0 I*o ire 5ér&aﬁbﬁi ﬁﬁﬁ‘ & 22a (N

pol e) ang, 22 gﬁe%' %1%61 Liashed 19 Lhecs hadi,g B 822352k oL

si des of "an opening a Alr-co coil’s ect onagne each

formed by w p;to S d adj acent
to the perna?ggggﬁgéﬁgtg %Zétll'ré(i’LZZb&n étqgggﬁggc8%eégg?ﬁgsggag9ng are

mut ual |y conpectied i th ga , cenduetirle twione oraBgpl be¥ghawe betbnends
connected to a d.c. power source, a capacitor, a thyristor and so on (not

shown) in thexsarmalanaghetsc Fikllg i3 ekpeeskedcbyr a pbstlevengaghi.c
recording nmedium 21 is 20 the sane as that of the first enbodinent and is
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 (absolute value)
is smaller than the nuclear generating magnetic field Hn
(absolute wvalue).

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-1like
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



previ ously magnetized uniformy in a predeterm ned direction by an

el ectromagnet of about 10 kCe. A magnetic field of about 1,500 to 2,000 Ce
is always applied to the magnetic recording nediumin the direction 25
opposite to the direction of uniform magnetizati on by neans of the

per mmnent magnets 22a, 22b. Then, a pul se-like external magnetic field and
- 49 pulse-like energy beans are applied in the sanme manner as in the
first enmbodi ment. A pul se-like magnetic ¥4 eld having, for exanple, a pulse
wi dth of 200 uses and the maxi mumintensity of about 1,000 Ce is generated
around 5 t hepeekksisAgRephowb theFimgnib(h) insaneenybecangheéei ¢ffield fornmed
by the air-core coils 29a, 29b serves as an auxiliary magnetic field of the
magneti ¢ fi egydnbyathagper pahseatlikgnebgnalac 22bldahpulise-&i kecangaeyi c
field 1o having the maxinumintensity of about 3,000 Ce in total is
applied. In thiensasg, davstiorthipsl sehe i kizeraghethe diadthdmwagmet a short
pulse width of 1 sec or less is applied. Then, an eddy current having the
di rection oppasabéet ofi §enheatingeat phloai hgkenmadeetic- Ebebdcbhavsnga, 29b
is generated in the magnetic recordi ng nedium 21. The eddy current

gener at ess a fmgheteesirel deahbehrgahesl sha veversal ahgnegnetirelrgon
conmponent produced by the coils. Further, since a horizontal nagnetic field
conponent byc2p PRedeHeyménPHeptdhbBet heddahanarr et toh aset RECHRINS BN al
magnetic field conponent by the coils, they serve effectively as the second
ext ernal nmgfRéki Bef FBPATS8EEH pReRORBHBHTE Bb?é?ﬁ%bV%lﬁ?'dW%%B%?ﬁg coils

at one side of the magnetic |ayer and di sposing_.a conductive 25 plate at
t he oppositet ?d@?lﬁﬁmﬁ%éFp ﬁﬂ%né?hghgﬁﬁ§$?§te etWﬁ?%ﬁHﬂlﬁﬂquéity
conducti ve su?sgﬁgte sugh as t he sane

f \ | | i |
ohenonenon ; & thesleGEPaiainPE hEcateEoHAr S otbERr Bhe LAMEEAREeT he

10 and the smaller the maximum intensity is, the smaller the
inductance 1s. 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 1s 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



conductive plate. The third enbodi nent provides a sinple structure because
the second external nagnetic field applying neans 5 is disposed at only a
side of the nedium This enbodi mrent nay cause vibrations in the nmedi um due
to the eddy current. If there is a danger of causing an adverse effect by
the vibrations of the nedium the second enbodinent is preferably used. In
the second 1o enbodi nent wherein the magnets are di sposed both sides with
respect to the nedium the eddy current 45 the nediumis canceled and there
is little possibility of causing vibrations in the nedium The positions of

the air-coreteobkssimA1feds. WMakdlp, 1br &1L Shovwh aso exsades, and the
positions are not in particular limted as far as magnetic field can be

applied in theeceerbimagheennal,ihfeanagaetee porkd.ofsidie drsaEAGMgHEgnet s.
Further, a pulse-like nmagnetic field nmay be applied 20 by using a plurality

of coils haviag dhbieeanthaupheseolvifiunn wherebf a puhse- hhkgetmgnetic
field conponent having a | onger pulse width and a pul se-like magnetic field
conponent haphRgegnsbant pe poksedw dih @rderxadifetn a fine magnetic
5 pattern, 1t is preferable to use a magnetic recording
medium having a square rate of 0.8 or more, more
preferably, a magnetic recording medium having 0.9 or
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 is

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.



Wth this,

magneti zation can actually be shortened. Next,

a pul se-like magnetic field conponent used for 25 reverse
a fourth enbodi nent of the

present invention will be descri bed. - 51 This enbodinent is applic
to a disk-like |ongitudinal magnetic recordi ng nedi um having the centr
opening. The structure of the nediumis the sanme as that of the first

enbodi nent and is previously magnetized 5 uniformy in a predeterm ned

di recti on.
that it is

A conductive menber such as_agonductive coil is disposed s
inserted into the central pole in a direction perpendicul ar

t he surface of tm retidammallheagerductiivd Caidy it e@plecd®rd do@that. C.

source, a lo capacitor, a thyristor and so on in the sanme manner as in
first enbodi ment, tded dsdvendedixtrrnglappbned iwi tthed dpokee- bi kedext er na
magnetic field and pul se-1ike energy beans in the sane manner as the first

enbodi nent .

Weerteal purlese- Mhlegrebyr pepflurslsuppbifetatoethe pittemdsctiane

abl e
al

o]
to

power
t he

menber) a pul se-1i ke nagnetic field is generated around the nediumin its
ci rcunferent kel formed at a time.

5

10
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In a case that local heating is conducted to the
entire surface of a magnetic recording medium at a time,
it is 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
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
unigue instrument is used in many cases so that the
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
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 lrradiated along with the
application of a magnetic field to the entire surface of
the disk by using a simple arrangement or means. The

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



direction. According to this enbodi ment, the second external nagnetic field
can sinul taneously be applied to the 20 entire surface of the nedi um
Accordingly, this enbodinent is preferably applied to the medi um having a
dianeter of 2.5 inches or less. In the follow ng) explanation will be nade
as to the nethod for heating locally the magnetic |ayer according 25 to the
present invention. It is sufficient for a heating neans to have the
function of heating locally the surface »§ the magnetic - 52 layer.
However, in consideration of the thermal diffusion to undesired portions
and control | abi | iWhgn iad negyrpreferfalklle tie tse benempgyl ilkeanme suchsks | aser
because power control and the size of an area to be heated can 5 easily be
control |l ed. [Ndkehimsgrasec useogfiagnaskiug pnefiésabliechbetausataapl urality
of magnetic patterns can be formed at a time by irradiating the energy
beans t hr ougltities tiesk, anlergley palsagnetnircepat sépnlflobei agppilepdcan be
shortened and is sinple. io Further, it is preferable to control the
position of aetdced dieschionespi et enpéeat afetby meddum wherkbyener gy
beans to be a pulse-like formrather than continuous irradiation. In
particul af, Ueenetig pdlkedddinagecirryhfessnréali d1r5cHesnr apneca¥heéYpul sed
| aser light source is to oscillate intermttently |laser in a pulse formand
is very pref &abrémsdeautl s aserhpiagla By ghepdaky prticaPiRe tan be
irradiated in a very short tine ?nd t he itﬁra%e of heat is mnimzed, in
conpari son mﬂphpﬁﬁélEaggrPhétsma 1 disk-1i1ke 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
source 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.



20 continuous laser is changed to a pulse formby an optical device such as
an acoustic optical device (AO or an electro-optical device (EQ. Wen the
continuous |laser is changed to a pulse formby such optical device, the

pul sed | aser has 25 substantially the sane power as the continuous | aser
over its pulse width. On the other hand, in the pul sed |aser |ight source)
for exanple, energy is stored by resonance - 53 in the light source, and
| aser beans are enmtted at a tine as a pig se. Accordingly, the power is
very large at its peak power value in each pul se, and decreases after then.
In the presenat knvesuilan, theemafnehézptulisaddliaseribnl ightheosaree is

sui tabl e because in the formati on of a magnetic pattern having a high
contrast andwhaecer abty, cobericsvpr ébeceedst deheatsqdi bkl eahdngods qui ckly.
The nedium surface in which a nagnetic pattern is fornmed should have a

| ar ge t enper aeueesedf.f eirncelbetawen o h prefaiiabionce idisprae @
non-irradiation tine of pulse |ike energy beans in order to increase the
contrast of mhekphetwesnotheneneagy bhemreevrdeéngndehBetyagpetdedingly, in
a non-irradiation tine of pulse-like energy beans, tenperature should be
kept arouhd reeardsngempdidmupe éhaFoﬁbﬁ.lﬂh@nﬁbéﬁ1@éﬁbéibﬂﬁl@ni@fabout

25C. The pul se wdth of pulse-like energy beans is desirably 1 usec or

| ess. Wen tﬁéepﬁﬂ§égvhéﬁﬁmﬁslﬁnﬂbﬁnﬂﬁgnlﬂhé?SQQPﬁé thedt mpgnEeHEC ener gy

gi ven by the pul selike energy beans disperses in_the nagnetic_recording 20
medi um wher eBFEEEEBI GPi BR F?rﬁﬁg WBeH%PYe%s%luV%%htYh%fp%%%?e%e?rﬁa%ulse is
equal , the pul se

d hor.t t t t
energy at a FF‘HEbeTP%S’ﬁmeghé‘ dF‘s é{r%lg Lbé)g}heerg.’t? que Qrﬁi'?l rha ﬁe%gaq%ee;tglngtl on
of the nagnetlc patt rnthgnﬁgg§§ L NCLease. é@é ag§m§d$%g£gblg t he pul se

width is 100" nsec or ess range of pu Sé i's easy to form

a magnetig PRLLALP;hay pgaanhiohy rsspﬁygéo Yeashepsa ppbssrate | - 54

made of aV|ng atlve ermal diffusion is

used. Vhen aceﬁgbﬁreﬂtheweayﬂ@ Yl gym%ét h ier? 4RSS drS d0 Pe
formed, the pulse wdth should %e determned to be 25 nsec or l|ess. Nanely,

5in conSIdebbgﬂaheﬁtrﬁgghatlgﬁdsagnéiééaﬁémagnébelguu§@dWAQtﬁuﬁaéuld be
short as possible. Further, the pulse width is preferably 1 nsec or nore

because it i sipeemagabkect ﬁl&ﬂi&phheﬁﬁguﬂt131r<_t;4961ﬁ8&1&d§5ﬁ:]1 oinnpgneti zati on
in the magnetic |ayer is conpleted.
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 is a perspective view of the device shown in Fig.

1.



Zo As a kind of pulsed |aser, there is |aser capable of generating at a
hi gh frequency ultra-short pulses in a |evel of pico sec or fento sec such
as node-locked laser. In a period in which ultra-short pul ses are
irradiated at a high frequency, the laser is not given in a very short 15
time between each ultra-short pul se. However, since the non-irradiation
time is very short, the tenperature of a heated portion does not decrease.
Nanmel y, an area which is once heated to gyrie tenperature or nore can be
kept at the Curie tenperature or nore. 20 In such case, accordingly, a
conti nuous i rradiztd - fedrHeh (i wontdyrous iHdadiatdrormaided i ncl uding a
time in which | aser between each ultra-short pulse is not irradiated) is
determ ned agpaktdaursa.s uidheriad dhe a riregsakiren tvahbe teh tier padioat i on ener gy
guantity in the 25 continuous irradiation period is determ ned as power
(mi/ cnm2) per widlcse a AHdranglzk [2e ipofermetl, eaedgyhkgaagecdixbe ebosee - 55
with the opti mum val ue dependi ng on the magni tude of an applicabl e external
magneti c fi elsthafitt dfs apmefteralsl ¢ogleahetrheipbwer mabnptiiserkeckedéngr gy beans
per pulse is 1,000 m}J/cn2 or |ess. The application of a |larger power than 5
t hat powes nmmeddammade sohéehsur fthee noh-thrensagsetive leyerdRAgisedpbamcby t he
pul se-1i ke energy beans to cause deformati on. Wien the surface roughness or
unevenness i $rionctdes sd g tilve réchodinui sedivhedebynaypradssermonbbes in
moving a flying/contact head. 1o Therefore, the power is preferably 500

ml/ cn? or | esdstapce pyetedial y, spegem lénp Brvaeeen pipehld ¥ange, a
magnetic patter having a high resolution is easily formed even in a case of
using a subsPFQWédﬁ§vﬂﬁgtP€Ié@@iél?flépﬁemPﬁéFnél dT*?d%?Qﬁﬁ%ﬁ%pertles

Further, the power.,s5 is pref rabl en.it is, snaller
than t hat vaF%&orfiéﬁ‘SeF‘&?EPE‘ a8a 1t Bk Thatk. T g, ¥\&§e§uﬁ8r E8Sed and
is di |cuI net| rintin Since, i nfl uenc
dlffractﬁ% gﬁeF af%e§¥g% g gependlﬁgugﬁ th%p% %9$|¥MCW$Fnthe
opti mum 20 r ari_e di 0 t h nShorter
tﬁe mavelenggﬁ%opgéﬁgréyl egﬁgggga tﬂgelgmgg%t g E%%gfg$ghl?egFﬁ i _
appli cabl e Payer che: pHBeRrbAR SuBskr abeatsadshfulRenBEEsERt Iqyention is

conposed of netal suc an alloy, the substrate 25 has a | arge
thermal condygbiryictihn A¢Cehdi hk¥r kB¢ BeWBH 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 is
disposed at a side of magnetic recording medium 1.
However, it may be disposed at a side of photomask 2. 1In
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 equalized energy beams are passed through

an opening 4 having a predetermined shape, formed in a

shading plate 3. Energy beams which pass through



Is preferably in a range of 30 to 120 mJ/cnz 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 physical damage to the
substrate by an excessive energy. In fact, the 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
medi um Accordingly, the power given to ghe-substrate tends to be small. As
the width of a nagnetic pattern to be forned is narrowed, 1o i.e., the
transm ssi ve pgeartdraredofopend ngms K ni & hranoawedtantsing stsriames Haysiro2obnt he
energy beans through the transm ssive portion is difficult, and actually
i rradi at ed paber pheteomalskereakh aheasartfhae blie thebstoakee iics readedahyg
ceram cs 15 such as glass, the power is preferably in a range of 10 to 100
ml/ cnz becausedihe tlher fahs coodlgt tba ssriawél of nthenpartson of t bha
substrate of Al or the like, and the storage of heat at the position where
t he pul se-|i kageeérgy riecamsiage mediani at edradgaltgdgby 2bel gngrgase that the
substrate is nmade of resin such
5 Dbeams 8 is heated.
In Figs. 1 and 2, the magnetic field generating
means 5 for applying a magnetic field to the magnetic
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 is preferable to dispose a monitoring



|

as pol ycarbonate, the power is preferably in a range of 10 to 80 niJ/cnR
because the storage of heat at the position where the pul se-like energy
beans are irradiated, is large and the nelting point is low in conparison
with 25 glass . A preferable range of the power is influenced by a tine
until the pul se-like energy beans have a desirable - 57 power for
irradiation, i.e., arising tinme of pulse. The above-nenti oned desirable
range of power is such value when the rigpng tinme is 5 nsec. Further, when
a damage to the nagnetic |layer, 5 protective |ayer or lubricant |ayer by
t he energy bemsides feardthertinss 0SisitHref dreericak € ra naay whd diheregase t he
intensity of magnetic field applied at the sane tinme of the application of
t he pul se-|i kerenertgy dreattee Weidrettike mrowerdiofg tieel i sd-thidagytenar gy beans
is made small. For 1o exanple, a large magnetic field as |arge as possible
in an adm ssirtite stenvge dirs dapptined t theedobe disadhati batween the mask
and the magnetic recording medium is uniform on the
5 concentrical circle, an interference fringe of
concentrical circle generates on the magnetic recording
medium. 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 meang 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) is 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. 1In the photomask 24, a



energy. Wen the energy beans are irradiated through the protective |ayer
and the lubricant layer, there is a case i5 that lubricant is coated on
again after the irradiation in consideration of a danage (deconposition,
- polynerization or the likey to the lubricant. It is preferred that the
wavel ength of the energy beans is 1,100 nmor |ess. Wen the wavel ength is
20 shorter) a fine magnetic pattern can easily be fornmed because the
diffraction effect is small and the resolytion is increased. Mre
preferably, the wavelength is 600 nmor |ess. Such wavel ength gi ves not
only a high tesektikaivbupotksenaasdahl ndhttrastnbasi whepebyidvhea?d space
bet ween the mask and the nagnetic recordi ng nmedi um can be w dened, hence,
handl i ng i s €asyedaBd kbeteofiskrmuat magnetia pagnetnc pattern form ng device
i s easy. 58 _ Further, the wavelength is preferably 150 nmor nore. Wen
it is |less than Pes@mamenthewagheosptizan (uf phéa) bydsghbhési petlefjuartz used
for the mask is large, and heating nmay be insufficient. Wen the wavel ength
is 350 attached to the shading plate 23 at both sides of the
5 opening 23a, 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 22a, 22b.
Further, permanent magnets 22c¢ (N pole) and 224 (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, 224d.
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, i1t 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 is 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



5 nmor nore, optical glass can be used for the mask. As the energy beans,
specifically, exciner l|aser (157, 193) 248, 308 and 351 nm, a second

har moni ¢ wave (532 nn)) a third harnonic wave (355 nm or a fourth harnonic
wave (266 nnm) of Qswitch |aser (1,064 nm of lo YAG Ar |aser (488 nm 514
nm or ruby laser (694 nn) may be nentioned. Preferably, the energy beans
are previously subjected to an intensity distribution equalizing treatnent
so that the distribution of heat in the 1p iLrradiated area can be
suppressed to be small and the distribution of the magnetic intensity of a
magneti c pat teighatdite hecondines sediittm be sl mashc Golctichyl b, da frRgnett c
pattern having a highly uniformsignal intensity can be fornmed when the
signal intengdintding ead ypusk .ngTRasa tAgnptbeibead. oThehentensity

di stribution equalizing treatment nay be such treatnent as follows for
exanpl e. A hgregesitzercther depoddnden logngluiss wsed hieomaegealiicz akicorddhga
shading plate or a slit is used to transmt only a snmall portion 25 of the
intensity di stedibhmt.i oRubththe éeheigypbefasabher ebhadogh, saod heasexpand it
as the case requires. In the present invention, energy beans are - 59
preferably irotedi atied imsridigglthe wevlert o sheackad cogletpert wdnh The use of
the mask allows to formon the nmediuma magnetic pattern of desired shape.
Accor di ngly, dasdonpl i cated pattern or a unique pattern which was 5
difficult to formby the conventional techniques can easily be forned. For
exanple, in a phd&e gmdmetdsr veosystiag madiamednd@sc diok exampddnetd c
pattern whi ch extends, froman inner periphery to an outer perlghery
obl i quel y or SE@Gich&RarFive @ﬁécﬁléﬁeF@PmoFepﬁgr?F&EESOflé 08840 éngas

difficult to forma .pattern, contlnuous t radi al direction or _a pattern
Obl | que t o ¢ e AR GORETEn T65 CnB Ec Gn b0l PAnaR EecfnPiREgotS 1Y

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 is given to the capacitor 32 by

200 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



A conmplicated cal culation or conplicated device was s5 needed in a nethod
for recording servo signals for each track while the di sk was rotat ed.
Further, in the technique described in USP 3,869,711, it was possible to
forma magnetic pattern having an oblique angle with respect to a direction
of track of a 20 magnetic di sk. However, this technique could formonly a
pattern having a weak signal intensity. In a magnetic di sk having a high
coercive force of 2,000 to 2,500 Ce or_ngee, it is indispensable to use
permal |l oy or a soft nagnetic material having a |arge 25 saturated nagnetic
flux density milcde as EGendst2 domsed emrdmgnetd:cnt dmwindiftar & shi el di ng
material) for a pattern of the master disk in order to assure a - 60
sufficient nmadretd d,fdcd da rirengid ywHeorcqirlisnt i ng. However, in the case of
the oblique pattern, the magnetic field for reverse nagnetizati on was
oriented in a directstoswpperpendi cul @) t osirlree gdpe generattied thielidhe 5
ferromagnetic | ayer of the master disk, and it was inpossible to incline
t he magnet i zatragludedl doyledia ed mhiqoewt ican.1sAL 8 ,r @8ld tservygsakts afr t he
magnetic field escaped to the ferromagnetic layer and a sufficient magnetic
field 1o éouladixigtidny amdricdd a ¢ igldediaredhsomeiome thior frimddetiyc the
permanent magnets 22a to 22d, a pulse-like magnetic field
having the maximum 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



printing, whereby a sufficiently magnetically reversed pattern could not be
formed and it was difficult to obtain signals having a high intensity. In
such oblique magnetic pattern, the output of reproducing signals is z5
reduced nore than the azinuth loss, in conparison with a case of using a
pattern perpendicular to the tracks. According to the present invention,
since it is unnecessary to shield the external magnetic field by a soft
magnetic material of the master disk, suglp oblique 20 magnetic pattern can
be formed well. Further, the nagnetic pattern can be forned easily in a
short tine byadmive athmate onf dfheoriom tedrenma hioutthreeaquegrienig @@ conpl i cat ed
cal cul ation or conplicated device. In the present invention, the mask is
not al ways z5emwpesisar ynediwovdlr itsheasholesd g fldd Grdsa aof leyes megniat i c

di sk but may be of a size having a repetition unit for form ng a magnetic
pattern. Suchhmdleatmt mraseid magnet iged savsesssively mihd my liste-tlake
conplete a desired pattern. Therefore, the nmask can be fornmed easily and
econoni cal | y.mapyee tries K iealfl ehenedly enéasasdble wft terandisnd armed .nt Bisi ty

di stribution of energy beans so as to 5 correspond to a nmagnetic pattern to
be forned5so tMeatway gréaddt]sar J(dikf engimsptdinset idsutsuwml isd ie§F eans is
formed on the surface of the nagnetic disk. As an exanple, there is a

phot omask haiaRf £ Shsri RINAF IS WFP M ahing ihG SFERGY t&ans

according to a 1o patt {n or a haqJ ogram rrask;( in which a hol ogram for

focusi ng a speci fi &8 pattert® dh R8T tEdf i ¥V Pt oritfe J1a g} such mask
permts formng.a plurality of etic tterns or_a tte né%avinga

| ar ge surfacé)agrteefprh;godml]i'ﬁ%,m%%gﬂnﬁ§ﬁec{i nr?at “en Sfegroprﬁ%nfm PEFTERT easi | y
be s5 perfor N hort, t.i ne. h cl ear._\shar ttern can be
formed with H%Ceito &%%egftoglrnéfrﬁnrr&stn %\% e’nezlta(rlloe2 r%%sll% E%gog’%’par at ed

suf i cienpl y Juamdii TadiyMaptdie ARALOTASK IS cadvankagegusofaom the

vi ewpoi nt of easiness and cost 1 n nanufacturing. 2o Although naterial for

the mask is nafhddifidRd id i RERSEH HHY el eridiRilRelE BBl Rl a
non-magnetic material permts the formation of a nmagnetic pattern of clear

uni f or m shapehaitd fEeHSHNGTSHND PP &) O ia1G P i%i stRialioF ¥hezd Use of
a mask containing a ferronmagnetic material is not desirable because the
magneti c fi eladrdicstvd lutiilon 28 dirst @8ked by nagnetization. In a pattern
havi ng a shape

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 (8 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



- 62 oblique to a radial direction of a magnetic disk or a shape oblique
to a circular pattern extending in a radial direction of a nmagnetic disk,
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 nmask is di sposed between
the light source for energy beans and the magnetic recordi ng nmedium Wen
the 1o accuracy of a magnetic pattern isygonsidered domnantly, it is
preferred to contact the entire portion or a portion of the nmask to the
medi um wher el tiarfede e thy e odiiftlr dalcieon fot hkas@knleitght reanrbeng ni m zed
and a magnetic pattern having a high resolution can be fornmed. z5 For
exanpl e, whemethammadk ksdpkidcedorr ttheélgedieldrcicmomagheatisonany,state, there
are a portion which contacts the nmedi um and a portion which does not
contact the medhumodumed: byt wendndgl at waireoblsewdr alimes nesal fledpi fiokhe
medi um surface. A pressure of 60 kPa or |ess should be 20 applied to the
mask and t heamedidospsseds adgtceotcanséha pramenehti mpuesssol2or, da2danmage in
the nedium The pressure to the nmask and the mediumis preferably 9.8 kPa
(100 g/cn®) or | & air-ooder dod fso2Mea ti 84 magnewiteagdyt eomnechede is 25
a method for formng the magnetic pattern by bringing the nask into close
contact w t hwiikéd geddumtwnehwireany asgatbeyhbpebetieen. PER&r gpdBeans are
diffracted largely as the - 63 distance of a space through which the
ener gy beans CPREECTEEAnEPr B - AccBPUEHGEYUTERer 8 FSPECLAPEe £nfl uence of
diffraction en.it is desired to forma n?gnetic pattern having a,narrow
line width, SAYTERECK AR 8tﬁni§n85tgb8wg exPahe ARES BRRGEY, S#hdA a
magneti c pattern ﬁaving a narrowline width is to be forned, it is
preferable t Hri g intentionally the mask into contact with the nediumin
order 10, ni m zgyiniluenee Ay leheydi fhragtion ol cengray haans, HBy such
measures; it is possibleto wite 10 easily signals having i'nfofat i on t hat
the line wdpfqotna HEQESB'%oBagggﬁgihg Q-EuggégﬁikssgxtQQEQEd'”9 to this
ess there

technique, it Is possible to sup eduction of energy density due
to the diffraghhefief r¢BEEIYNRCANEsWNEERBY chbr$ BRARLDLEE! PHESSEREM A
y

magnetic pattern with a | ower energy density.
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 air-core coils
29¢c, 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) is 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.



|

Nanely, in a case of formng a nmagnetic pattern by providing a space
bet ween the mask and the nedium the irradiation area of energy beans on
the nediumis wider than the irradiation area of energy beans at the tine

-of 20 transmtting the mask due to the influence of the diffraction of

energy beans. However, since the power of energy beans itself is constant
bet ween before and after the diffraction, the energy density on the nedi um
decreases in consequence. On the other-hagd, in a case 25 of formng a
magneti c pattern by bringing the mask into contract with the disk, the
spread of the irrZadlattiomsr €4t due dladdie ah fof rlactgicmdimedneragyndidans can
be - 64 suppressed, and therefore, no reduction of the energy density

t akes pl ace. rfagoridemg gieddaut 2ér dyi s nterposdaghet wpacerhe Aaskadhdgt he

medi um the occurrence of pul ses (sub-pul ses) 5 having an insufficient

out put of remladici2dg isi gnaposieicc labioyec alisephwaomapkby 4t-heEnareyf er ence of
energy beams, can be suppressed to the mninum Wen a space is resulted
bet ween t he Mesikisard EFe rediadhatedete itheapbasematkeatigionghi anerf erence of
energy beans so that an 1o interference fringe is generated on the nedium
Since thePe &PETATSr gt fragiceh iandhrg §8pRirggPéatué3to £he interference
of light in the interference fringe, the coercive force of the magnetic

| ayer can nottTéBFiSEeNe POB& 198c PBEsBd PR ATERFRIFEGVENPAEHERE A§Son a

degree of 15 interference fringe o e position forned, ereby a magnetic
pattern of sﬁRFWeguﬁBuF%Sfp Qﬁgﬁﬁﬁ%i%g §PgﬁﬁltPscPBFﬁ§H°§ghFﬁa? sub- pul ses

may generate.aGen%nall tt%he ggb-%uksgs are evaluated with a rate of
occurrence of*@§ -6&I S Ry & P e "Paf"€%f 20 occurrence of sub-pul ses is

expressed by the ﬂ%n@nto%% (2890 & bﬁ‘é{f%ﬁgfjiﬁ‘i}zﬁ ((ST?%Q‘)? Lagoo-)

[ TAA50~x100 where represents an average repro ng si in the sane

pat tern §§0i Qe aLARROT S SRLCSRETALNB10UEDES af BhofALeqBavLRTLAN Output of

20% or nore an AASO- 25 represenfs the nunber of signals having an output
of 50% or NMDLRedfingA23alheayAl88rOf cdEs I fd PeOf r &L AL 294, Spdypul ses i's

about from 10 to 15%in average in a nmedi um
each formed by winding a wire plural times in a loop
form are disposed adjacent to the permanent magnets 22a,
22b.

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. A
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



- 65 having a good magnetic pattern. It takes a value of 20%or nore in a
case of a nmagnetic pattern having a large scattering due to a | arge

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 nmask
and the nediumin at |least an area for formng a nmagnetic pattern in the
medi um The provision of the space can suppress the occurrence of a damage
or a defect in the nmediumor the mask dugyto the 1o invasion of dust or the
i ke. When a lubricant layer is forned before the formati on of the magnetic
pattern, therspaeelikepeateggbbyabhe hoemegdpbétdeen the sask matntheapgedi um
so as to mnimze the contact of the lubricant to the mask. 15 Further, if
ener gy beans iaf thieglipeweemandimenadi ai gohlse-al Statmadihat id hei a3k i s
brought to contact with the lubricant |ayer on the disk, there may cause
expl osi on dudavangapifdreeapopati on phlshewhidbhi c&nR00hpeebyahfiethabri cant
may scatter or the mask nay be danaged. 20 When a magnetic pattern is
formed in a seateumhanteheitmskfi sbbnought0Dnbe tengeneratefi &heuddsk, the
magnetic pattern may be fornmed in the disk before the formati on of the

| ubri cant5| aybe. cbalehi s case, a fine magnetic pattern can be formed with
hi gh accuracy because 25 there is no influence such as the scattering of

| ubri cant, the désoshewsnlenFile fdbk. A3ngenthpotapgpertiReepirdgdt he space
bet ween t he nmask - 66, and the magnetic _pattern form ng area of the
magnet i ¢ r ecéPEMRY Hﬁthﬁ]aﬂﬁé?@r?scalﬁﬁt%gﬂ'f%?bkéﬁﬁVﬂﬁ 2he2Bot h nenbers
at a predeterm ned distance, ,For . e e,,a specified_tool to keep the nask
Bnd "t he. reds GHTAELATE PRAREEAFnEABYEAPE: BRE ST RAYC bEC USLRLI PVt hE. a Spacer

be i ted bet th jti h t th ti tt
formng ar caPSFIPEREF. MeHASEat3r nag besrBILER T hERgPAPTSF At ARG mmok. |
When a spacet g, B oyLded, betyeen. Lhe; paske agdofhes 1o gagnet ¢, pegor ding
medi um in an outer periphera pOfFIOﬂ and/ or “an I nnér per?p erar %ortion of

t he nagnetic-gahbgige ormng area of the nedium it can correct the
undul ati on o% the surtace of the magnetic recordi ng nmedi um wher eby accuracy

in formng a magreat khiBakheen §aBhd2tbgul BEL8@REUmagnetic 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 air-core coils 29%a, 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 is a conductive substrate such as, for

example, aluminum alloy, the same phenomenon is



When a magnetic pattern is to be fornmed by bringing intentionally the mask
into contact with the nagnetic recordi ng nmedium by applying a negative
pressure between the mask and the nmagnetic recording nmedium it is 20
preferable to provide at |east one boss-like spacer in an outer
circunferential portion of the magnetic recording nedium The provision of
such spacer in a circunferential portion of the nmediumor the mask permts
the entering of air through the space-prsgvi-ded by the 25 boss-1i ke spacer
after the application of a negative pressure between the mask and the
magnet i ¢ r ecobtdgalnkdi bardnase belehs stwppech tavheeebys ids itheossible to -
67 separate easily the mask fromthe magnetic recording nedium It is
further preferadlietivecphaet an etching treatnent to an outer
circunferential portion of the mask 5 to formfine grooves through which
air enters. The PheviBisd enbedengnssprokbdepar epimple| peructese
cont act ness between the mask and the magnetic recordi ng nedi um because a
space i s reshf¢@gsarimccerRNPRstern@l ShEet i td Ay Hxhdieaiten t he
fine grooves are io formed in the nmask itself, no space is formed in other
t han t he 5gr ob¥ e31SREOREE ek Pt e, 2 thide | Os LhpmiediHess bet ween the mask and
the magnetic recordi ng nedi um can be i nproved. The grooves nmay_be fornmed in
a light shieldi ng?p®r ePBPAPERE PRENCTRHES | YHERE TS iR tFRg PRAYWBN as far
15 as the gngoves dao not énfluence the magneti ¢ pattern forned by,

[ adi ati ng VHErHy HRANIATTHIAT oradd Wy he 18 AnSRPHES PdcdHELRa
transm ssive portion. or rtians .and a.non-transm ssive portion.,or portions
by which a aeésia}éev ]?rsa%n%ff%c%;}pf eFh Z%lkl)rsa loornrrsiacé? %3%: mnegés)ﬁ(umc’arrl{:kbee f ormed
by sputteri I : . O ' transpare isgi nal plate
such as qua%%%s%@%%&géqgnlegﬁgaégegodrﬂ(lt%g%ﬁé, %gog?‘.eng’teé:%% ot or esi st

t her eon ;3nd &tiGh N N6, RN Of BSLS tna M LN & PrGARtE] BAed dyansmi ssive

portions) and a 25 non-transm ssion portions) can be formed. In this case,
the portions}itlavidépdctOrd aed waidie AHdiddly RhateRoriespend to the

non-transm ssive portions) of energy
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.



- 68 beans, and portions) without the |ayer correspond to the transm ssive
portion(s). The mask thus prepared has generally an uneven surface wherein
projecting portions do not transmt 5 energy beans. The projecting portions
are brought closer to or substantially contact with the nedium O,

material for transmtting energy beans may be enbedded in recesses portions
after the formation of the mask so that the surface area in slight contact
with the nediumis 1o nade flat. Furthersy after the transparent origina
plate itself has been etched, netal such as Cr or the like is enbedded in

t he etched porti Ghiso eadboddmemite itshepeibedtded por bi daskelliet he

non-transm ssive portion. Material for the spacer should be hard. Further,
it z5 is prefienghkedtihafl mhgnmatier rabofdinghsedpamehavsngothangaetiaed
because the external magnetic field is used for form ng the pattern. Metal
such as st ai pbessngt eeThe coppertwre chif orfieimediun eist rtlsiclames gsolthiati de i s
preferable. The height of the spacer is generally in a 20 range of several
umto severaPfhither Edsstuneaberdsnghti enflsigpprevapus i megeetbeedbefore, the
phot omask is provided with the transm ssive portions) and the .

non-transh s§N¥ECEBLY| dRAs} BYeflerATRgReAedhbACEt @RsmASAUHESIe t 0 the 25
energy beans on the transparent substrate. Al though the_transparent
substrate najeBBeAN§USE REr 2aSOPHUEHAVEr GRsHi tSsUETPeFRAt P9 EhRE gyt beans,

it is preferable to - 69 wuse a naterial contfaining quartz as the nmain
conponent f oSt hBSEHbEHr 2PEC FRE GERFT2LiRO+R8I B Yef Y 8XpeMRive. However,

it has high Ii?ht ranﬁnittin? grogegties otenerg%.bea of wultraviol et
regi on. AccoPd BSP%}CP 8Fet8 FBSaRULETGHt ’bet thal dhet gy nms of short
wavel engt h sych.as. 300 nmor.le which-.allo asily fine_processing, can
o used- I SeRalE-Fne, COher 5 SRRt R hE Y FeSboned r Bk T "D
opti cal ass. | er i h hiLckness,. o h SPAL substrate
i s not i%Jloég ?F?gﬁ%ara|?%§?§ Foﬁoﬁgée%§ gﬁt ?c%%%s%é%%a£r0n1gg%%t to 10
mmis generathy pieberahbsaifeRt deiniorREtAbAidhal Hegspifed Jiakl £ manner
wi t hout causing flexure in the substrate. Further, it is preferable that
the non-trangal bl ngkeSekayeradf mhhigephot OTBBH 418d pulbéitilayesndfgn
chromium | ayer and a chrom umoxide layer. It is preferred to prepare the
phot omask w béamsnbn- thansainssingenéayes blef dHinstgembedimentim | ayer and a
chrom um oxi de layer on a quartz gl ass substrate. Nanely, since the
reflectivity 20 wheguar prlgkaddkeonstrienti hg shepliedshbsshee portion is

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 is sufficient for a heating means to have the

function of heating locally the surface of the magnetic



about 5~, and on the other hand, the reflectivity of chromumis very high,
it is preferable to cover the surface of the chromum/layer wi th another

| ayer having a low reflectivity. For exanple, the front surface of the 25
non-transm ssive portion is covered with chrom um oxi de having a
reflectivity of about 16% Energy beans reflected at the medi um surface can
be prevented from - ~o0 returning to the nedium after the energy beans
have been again reflected at the mask sugnface. Use of the chrom um oxide

| ayer is preferable because it has a lowreflectivity and it can be forned
merely by oxidverng Howsveoni um dangilderatiitorhad ebheelthermadont act
properties to the chromum/layer. As an exanple of the nethod for producing
t he phot omasfifaushenntemidgeir¢d Horsionprand entreubsrhity sudh as
quartz usable for the mask, and a 1o chrom um oxi de |ayer is formed

t hereon. As ifeoneferblorte ores eperey dreats wndayas  ladrr degause
sputtering nethod, a vapor deposition nethod, a coating nethod and so on.
The sputteriPgveetGRRtTel ped erld| 239 ovd tate afeawdor e dfeatgshtsian ty of
formng a conpact |ayer. The 15 sane technique can be used for formng the
chr oni umdoxi @S hYy e FenayRt edr il thdEh6@sEsi H§SoRfgen™BsK d%i di zi ng
chromumis &e{er%ﬂ% used. Then, a photoresist is coated on the

nul ti-1ayer RFSLHT MR Shrod R i okt de Yy BREF i CRATIRF T A% | ke,
20 and light, is_exposed to the photoresjst .according to a_predeterm ned
pattern. AftRF ﬁ%ﬁee(ip%%ﬁémé‘fgwﬁg”fasé%mt%t TERDWEA e chrom um
and the chrom um gxide accaqr di tq the pattern to formthe .

non-transm stgil!ll(/%uq aytg}e. mﬁfﬁ‘s’, r}geeregﬁ%taon“ga ne:?tslco i 5481 eg?3 PEOHE tIeé’yer

t hi ckness of I nt rans ssive | ayer conprising the

mul ti-1|ayer %%?gk%f o%cﬁfrﬁ%nedic r%%%r%gﬁﬂﬁ' can be such one capabl e of
obtaining - 7lpysufdicient; HoR-d FANSIA SSLY B ORST ks ddd ghioshiel di ng
properties of energy beans), a predetermned reflectivity and durability to
the energy heatdatdd thauhbd heedthifknesp ot IRPeRGIRG 19y R
conpactness of the 5 layer, i.e., a layer formng nethod, it is generally
preferabl e tendye edntd aknass DfplikaHDide Myren rEigdrhittiser, the nore
preferable when the durability to energy beans is considered significantly.
For exanpl e,cdarteindynwck nessadisatpref.erably 160 nm or nore, nore

In particular, use of a pulsed laser light source is
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



lo preferably, 200 nmor nore. However, if the thickness is too |large, the
| ayer formng tinme becones |onger. Accordingly, a thickness of 500 nm or

|l ess is preferred. Wien the chrom um |l ayer and the chrom um oxi de | ayer are
‘'to be provided, it is preferable that the |ayer thickness 15 of the
chromum |l ayer is 20 to 200 nm and the | ayer thickness of the chrom um
oxide layer is 20 to 200 nm In the photomask with the non-transm ssive

| ayer) the non-transm ssive | ayer provides projecting portions. The

phot omask is generally disposed so that the surface 20 on which the
non-transm ssinveHeayldrghits sfoommed faack d as eradpreetisc attes kemiMeakeer bal af or
transmtting energy beans nay be enbedded in recesses portions between the
nont r ansni ssitiand arera poliskeat Aheosdihate, ofhée heophot Deaskryslétad. a5 Wien
a fluorine type lubricant is used as the lubricant for the magnetic
recordi ng neditympeiak ipowerefverlalsl ént eagbeprmater i andcdetaienisrg siftiecon as
the min - 72 conponent, as the non-transm ssive |ayer. Use of the
fluorine typ&hegbri éanthaapreasse ineegetonpossei oh el pbisedntadsyrt he
irradiation of energy beanms and generate hydrofluoric acid. Since the s
hydr of | uoPi c ldGhd KaSr&ecder 68 rébdff BecausRe iRohher AREHRSSPReOfagter of the
phot omask may be corroded. However, since silicon is very chemcally stable
and has dur aBPOPEF ICoPRY-GPEF heViiedadi 819BoFPBEFBATtHFNENBCRYEREY ) UdEi ¢ acid
can be prevented. Further, since so. silicon_has excellent contacting
properties tdsgP5§§eE§§§ £0r PERE SUBSKA Yt BREf CRASKIVEREAY - sel dom occur s

[ i . Th i | ) f bl ipal i h t al.
BT con i 0 an” andiR TSRS SEGHAE Son e L BWECER S Ao PREE SeFaridnt ay be
cont ai ned forfo%ghh%gtaépgugegss $UGHA5 kgggugga%%k!a'réﬁggogegggéhbfAS

t he anot her él'enent, ast one seFecte rom roup consrs
hydr ogen, , oxygen,  Bigi 52987, +Che ¥Aa Al nohlirfHaiAfi oV ikD ofl pubke-Ta, My,
Se HF. zro VoOoNb TRUOW NhoTRe. “Fe, "o R |r,lé%%f’ o9 %?ﬁ RUSEET Te,

Pb, Po, 20 SnixBi caedqB BBYmBEipeRtbeRredo fArrexa88Ptie MWBAPrLBE of
non-transm ssive layer is fornmed by a sputtering nethod, sputtering gas

such as Ar mayebpaefbral BedihBreheel ayer rebpraifdgr dbaspegvent effectively
the corrosion by hydrofluoric acid, noble nmetal such as Pt, Au, Rh or the

25 li ke, or axygedinbygr; odenaononi-tiroganatsopreiner ed palas-elirgent to be
added. A single kind or nore than two kinds of these el enents can be used.
The content esergy 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 1s equal, the pulse width should be
made short so as to generate a strong energy at a time.
Then, the dispersion of heat 1s small and the resolution
of the magnetic pattern tends to increase. More

25 preferably, the pulse width is 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



- 73 preferably 10 atom c%or |ess. The nethod for formng the

non-transm ssive layer is not in particular limted but a nethod for
form ng by sputtering, electron beam deposition, thermal deposition, 5 CVD
or the like can be used. In particular, the sputtering nmethod is preferable
fromthe viewoints 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 nmultiple |ayer 10 of doubkg Layers or nore as the case
requires. O another |ayer nmay be formed on the non-transm ssive |ayer. For
exanpl e, a | ayeie cofimpesed afucthreemaimhexiide; ey e tiioeisd liarger der to
reduce the reflectivity at the surface of the non-transm ssive |ayer. z5
The t hi cknesshofrrtdie didifusiams Misssiseel .| aybencanpaetsughhanéngaphabl e of

obtai ning sufficient non-transmtting properties (light shielding effect of
ener gy beans)nirammedatdtmate® nef loactliesst yisand fee fdurredd, | itthe tomlerer gy
beans. Although the thickness varies depending on the 20 conpactness of the
| ayer, i.e., widtdyethdudrdribyy dedterod,nedl i denels mfe 3@ mMniess noMamedy,
general ly preferable. In consideration of the durability to energy beans to
be si gni f Fcaritn censHiderriags thle S@serusH ompsd Inidieapitdiver dbley pudGenm or
nore is preferred in order to 25 increase the thermal capacity. However,

the thi cknesg’iddh g@addyde sher asspossivley ofueReepy phanBuUdEer eases

and the time for formng the layer is prol onged, - 74 Accordingly, it is
preferabl e t &6 M%Q§@IP§§§ 1nﬁﬁ§¢pP§f@P§SlPecﬁﬁéenﬁFoﬁsless

especi ally preferabl 300. nm or | ess. t resent _invention, it is

pref erabl e tQHQQ%ﬁ§§&§ FCe KEEP | aFaVEF tgﬁ E?VFFﬁﬁépSFent to energy
beans, as the out t | a er at _a p05|n t he |g¥¢ of the
non-transm s &A% &ﬁn OEE 6Fo aHFﬁg hSOH P&Eric layer is to

reduce the refl echy by of téﬂ SN NGRQY L ioR AL L6 JIed) gl o the

reflectivity 10 i'ssur e S frected o redi um i s

o s o
wi Il increasgevand oF gRalos sker okr iFRiitBd sdke sdiht HEbRdde-1ocked 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
(mJ/cmZ) per pulse.

Although the power of energy beams can be chosen



z5 As the dielectric layer used in the present invention, silicon oxide,

al um num oxi de, titaniumoxide or the |ike nmay be nentioned. However,
silicon oxide is preferred fromthe viewpoints of durability to
hydrof l uori c acid and contacting properties to the glass 20 substrate. A
silicon oxide |ayer produced by sputtering is in particular dense, and it
has excellent durability to hydrofluoric acid in conparison with quartz

gl ass for the substrate which bel ongs 1 same kind. Accordingly, it 25 is
preferable that a silicon oxide |layer is forned by sputtering on the

t ransni ssi vewpaht ithie opttivems sprduradependsnghadi hjepoaghohud® 6 &his, the
corrosi on resistance - 75 of quartz glass can be inproved. In a case of
form ng the dppllecebile kayerneh wapypethe hoaldransnisspvefpoablenthat is
possible to formthe dielectric |ayer and a silicon-containing |ayer for

| i ght 5 shadithg voweassifvelysatlike enerodl bsamserer bpuyee iorii AG0step to
the substrate. In _a case of providing the dielectric material on both the
non-t r ansni sBIVEmporx i besand Thee appdassitssinv e fper tliaawerapowehitae of
sputtering silicon oxide on _the entire surface followed 1o by preparing a
pattern o¥ titRASNPEYEVerplr pBAIENENAORYLEAASH 85i VeepBrER®RiCcan be used.
In preparing the dielectric |layer, a reactive sputtering of oxygen,

ni trogen or FﬁéOFﬁREQSHSGFHmbEYch% Bylﬁ§|%gka ﬁ%?é?Yl%e?%?gE? C@hefeby t he
| ayer quallt% %an 15 .be we controlled ust the partial pressure of
reactive gas“§ grRarigBr - 3R nigt epo%é‘f SSF' Ps SV IHE ST i ve

sputtering is referre t ai suff|C|entI tranﬁgarent

Cayer . or frof 569F8apgwngh§rga%Pawaﬁl?BrR%ﬁarép%%a.C%ﬂ% { FFORRLES BF the
20 dlelectrlﬁ nggr '?185ﬁ%?58§£¥F80h5§h0r nore. |If the thlckness is too

| arge, the Iayer ong and there is an optical influence.

Thereforeg, the 'fr[ﬁl,e‘i‘é':'t‘%% '%ih%;?fo%re?blﬂé E%f'%@a%ﬁ%f' 89%: mb'?%veiBay!Lésés

unnecessary to rmthe die ric 25 layer as t out er nost I'n an
area ot her tﬂ@?etb§e§é93b§9rr@@@oﬂﬂy8ﬂ2téktﬂé%é“agﬁﬁthﬁlaakhﬁb@ farmng area

even though it faces the nagnetic recording nmedi um -
magnetic patter having a high resolution is ea511y 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




The mask as expl ai ned above, can preferably be applied not only to the
magnetic pattern formng nmethod but also to the formation of a pattern for
an optical recording nedium or a nask generally used for |aser 5
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 magnetic
recordi ng medi um has 1o both main surfagss -on which magnetic | ayers are
formed. In this case, the formation of a nmagnetic pattern according to the
present inventiipadnhy heatosduet@dng otoeanhusdes$ aced sacezssowehgt orof or
both surfaces sinultaneously by arrangi ng masks, energy irradiation 15
systens and aeass &oph@ppryilndanagexter blag swlgperdte fhel ah atxdossive des of
the nedium In a case that two or nore nagnetic |ayers are forned on a
surface and #hAerRJd¥ach different pattern is to be fornmed in each magnetic

| ayer, irradi ated energy beans 20 should be focused to each |ayer to heat
separat el y wher eby ﬁﬁ@gviﬁbalmﬁﬁFtE@ﬁE elnthe ¢BEHBY. Leam$ok®i ng a magnetic

pattern, it is preferable to forma structure for preventing re-irradiation
of energf interrupted by the non-transmissive portion of the mask

and only a portion passing through 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 is 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



beans by di sposing a shadi ng plate capabl e of blocking 25 sel ectively
energy beans in an area where irradiation is undesirable, between the
energy beam source and the nask, or between the mask and the nmedi um As
-the shadi ng plate, such one capable of blocking a specified wavel ength of
usabl e energy beans, or reflecting or absorbing the energy beans, is
preferably used. However, there is a material which generates heat 5 by the
absorpti on of energy beans whereby a magretic pattern is influenced.
Accordingly, a material having good thermal conductivity and high
reflectivityeeweh ber Girrafliarife, | 5. 9referresiftort ite shadilee pl fhe.
Further, a reduction projection technology is 10 preferably used for the
optical systa@peveyinempiened desimsatdlenrange nedipewetriaciidly valdiei ng
patterned energy beans having the intensity distribution corresponding to a
magnet i ¢ patwkem tlee belsbrdredimackordim@eeo this techni que, the accuracy of
t he magnetic 15 pattern, which depends on the accuracy of patterning or

al i gnnent of t heF'whsker; swher ?edampee O i A OhpERFSHR WMYSr a case t hat
energy beans are throttled by an aobjective |lens and then, the throttled
beans ar @ pdREFLthtvrightYee Maskibyieant jlavae B Ho8Haudy 8658%ure of 20

light. Accordin Igy finer magnetic pattern can be forrmed with good
accuracy. Fur% ‘?,r?‘ﬁ'erjetijssl? 5P osH Hidhe 2 b hg TR by dust

b t he . k i t f t he._ | i Her ei nbel - this .t hni

e T et o 1Eehe SRRt e O e RS A0 R st el Y O o
t . W . ]t ) h i t , d

Thr oo t ho hd Mol EL: SEAP A PHLd 4 Nhol b S S e BRPSC

changed a”drgovy&du&f’dtﬂ J‘FBIM%;{ %e U Sid age, jhir ougl. an

chan d&- .
I magl ng nea such as an i nage [ens. ens may be referred to as a

proj ectign |ehg.yand 4 heaFeduead d imoer g e 5 48ferdLdd @35 jeduced
projection. Next, the structure of the magnetic réecordi ng nedi um suitable

for the presgitadiivesibd Mdde bigs dgselridecio Thensdbsitmaid ftdlort he magneti c
recordi ng nmedi um of
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.



the present invention should not cause vibrations even 1o when the nmedi um
is rotated at a high speed during recording or reproducing at a high speed,
and therefore, a hard substrate is usually used. In order to obtain a
sufficient rigidity to vibrations, the thickness of the substrate is
preferably 0.3 mmor nore. However, a 15 thicker substrate is contrary to a
demand of reducing the thickness of magnetic recording devices.

Accordingly, 3 mmor less is preferable.sgqor exanple, an Al alloy substrate
containing AL as the main conponent, such as an Al-My alloy substrate, a My
al | oy substr &uetbent aithengaigl20gah thepmafarebhpohbéft pmsachmasea M- Zn
all oy substrate, a substrate conposed of material such as usual soda gl ass,
al um nosi | i ciihengliigsss AemscipsnalbPnangl bbs, abeprpbhont pfaheam brer ami cs
or various kinds of resin or a substrate Erepared_by conbi ni ng such
mat eri al s, naynbbegszgdeduarphzpuapeficipart Etmﬁgkp#%féar@@/téngse the Al
all oy substrate, a substrate made of glass such as crystallized glass from
t he vi ewpoi nheat18gr BaYt ke dpsuffipienkt e Whete the wayvelEngtdsiis 3% t he

vi ewpoi nt of cost. Wien a substrate nmade of glass is used, the expansion of
a heat ed ar eBMdGE FBrEheCPEigdiagidfisofaBnke gysBeahsr chhebBaskppr essed
because gl ass has a snaller thermal conductancei whereby 5 a finer nmagnetic
pattern can be f&Pmtde ERFEA¥r PeRREn SPSGRSEFAL&YhabrRIM8ThigRhar dness i s

used, the oc en of def ect : a flaw or a recess, in the magnetic
recordi ng neggékfc§§3bezgﬁpp§§gsﬁﬂgegg% When ﬁug?c%?ét%%rT??bcd%%BEits

bet lot i A di wh i) tt i
Lo be formed CAaibiace FREFOL Hat ke Bapbolate MM oo Eomiaeet b the |

Tagnet | I ecAEghBg BRALUE (bho AuPr 6ECBLEM LM, UL 2 TRONGER CalfPOOE Ui N

medi um conprising a su rate having a hig rdness. e present
'nvent'oﬂapr?xcﬁeﬁralégﬂﬁr%@@benﬁfr§§& Mﬂf?oﬁpPﬁbfdlégeP negaugmhamapg a

hard substrate. In the conventional magnetic printing method, e nmedi um

havi ng a hardesygbstratheghad probl ens that the contact of the mediumto a
master di sk was insufficient to cause a flaw 20 or a defect, or the
boundary of prinpeéfergbel/i, ctdenahasgysbuarkeareapdePVblsmpy expand. On the

ot her hand, the present invention does not create such probl em because the
mask i s not bnbiightefiotpressinbahactywlisttheutidh usguahipangi cul ar, the
present invention is effectively used
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 equalizing 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



25 for a mediumw th glass substrate in which cracks are apt to cause. In
manuf acturing steps for nagnetic recording nedia, - 80 washing and
drying are generally carried out in order to assure adhesiveness of each
| ayer. In manufacturing a nagnetic recordi ng nmedi um according to the
present invention, a netallic layer such 5 as NP) NNA or the |like may be
formed on the substrate surface. As the nethod for formng the netallic
| ayer, a technique for formng a thin fisensuch as an el ectrol ess plating
nmet hod, a sputtering nmethod, a vacuum deposition 1o nmethod, a CVD net hod
and so on mayprefarsédy \Wremdd aswds tthabe g de maks ka toohdact evaéorafleri al is
used, electrolytic plating may be used. The thickness of the netallic |ayer
i s preferabl ypd&®imm.or Ther eseHofievke, maskcahsoder ad i borof opr odactivity for
a magnetic recording s5 medium the thickness is preferably 20 umor |ess,
nmor e pref er almediut0 aumagmedtess pawerhepf idesigedeshanbl.e Aocéndimghe,
nmetallic |layer on the entire substrate surface. However, it is possible
a complicated pattern or a unique pattern which was
5 difficult to form by the conventional techniques can
easily be formed.
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, obliquely 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 oblique 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 technique 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 1s 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




to formit only a part, for exanple, only an area where 20 texturing is
conducted. The texturing nmay be conducted concentrically on the substrate
surface or on a substrate surface where the netallic layer is fornmed. In
the present invention, "concentrically texturing" indicates a state that a
| arge 25 nunber of fine grooves are fornmed in a circunferential direction
of the substrate by grinding the substrate in the circunferential direction
by enpl oyi ng, for exanple, - 81 nechaggcal texturing with use of
abrasive grain and a texture tape together, texturing utilizing |aser
beans, or by sufi¢icorbitnabgoetdft tthedd timcknequgs foFhprmechagi.cal texturing
is generally conducted to 5 provide anisotropy in the magnetic layer inits
| ongi t udi nal Hoiwewetri, onn Abeordsrgby, the pbluanecpssérynt otbendaghetticwhen
isotropy is provided in a magnetic layer in its longitudinal direction.
Further, theftiettdufpngrevelsei ngghaserabéanswis povigehedalfihyaconducted to
i nprove CSS (contact-start-and stop) characteristics. It is unnecessary to
conduct suchdigrctirngrenprandysuéart hat thenagnegeperateddbrgtievi ce has a
head which is noved out of the magnetic recording nmediumin a non-driving
time (a |vadferrenadspsienyayes st\g the mpehsrvéigkai andseld Ve the
mechani cal texturin an alumnpa grain is wdely used. However, _a di anond
grain exhibiﬂ?PéﬁéégﬂénFOpéFFéFﬁﬁnEEefW%ﬁ??ﬁé29¥éﬂboﬂﬁtatﬁﬁFléed
IongitudinaIIX orientated mediumhas its nature to provide the easy
magnet i zat i of*8%F528Mong 20 texturing grooves. In particular, grain having

graphat i zed surf%%eal%egﬁ E,p5e£%g%bg%'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 oblique
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 is
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



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 excel |l ent
snoot hness or flatness. Accordingly, the surface roughness Ra of the
substrate surface is preferably 2 nmor less, nore - 82 preferably, 1 nm
or less, particularly preferably) 0.5 nmor |ess. The surface roughness Ra
is a val ue obtained by neasuring a | engtdy of 400 umwith a contact finger
type surface roughness neter and cal cul ating the nmeasured 5 val ue according
to , 71 S BO60%uckesthivelygasmeyihbeiendootothéepeobedtst radapatitagni s of a
size of about 0.2 umin radius. An underlayer nay be forned between the
magneti c | ay@heandotrhe sbbstmrakecalhbeuhdemedyeasisyt endakeohhmiteliyyst al
fine and to control the orientation of the crystal face. For this purpose,
mat eri al cont ai nilhg @as&s cehe beaisicborpeneaprabseppéf ehabbyngsete Ot her than
pure Cr, the material for the underlayer containing Cr as the main
conmponent naynbengsed. dSathikstranepf afpneday apasmansal feyteonposed of at

| east one el enent selected fromthe group consisting of V, Ti, M, Zr, Hf
Ta, W G& NBorsgspeondahd 8 @agéﬁﬁéﬁiHﬁtbﬁrﬂet©nb©rg@¥m@@ bt Bhat gaod
crystal matching to the recording_|ayer. 20 In particular) pure G or an

al | oy obtain@ﬁag?taaﬂihgnﬁén€?tﬁn@1§ riprelenbneht SNSEYECPRA™F r 6P t he group
consisting of Ti, M, V% V, Ta, Si, _No, Zr and Hf, is preferable. The
contents of EREMSEcBRITARJSHRfrECePENBRESTaIRprefetably AT @R 1 atonic%to

50 atom c% 25 m)ﬁﬁg F}Eﬁferably frﬁr;}ZS atomic%to 30 _atom c% . further
preferably, S*3IBhfcosPS S0 5t 3nPResOBR o @%l?%eaobf?ﬂﬁﬂ+3%ﬁﬁ%ts vary
dependi ng on_e| nt sed, . T hi ckne f the.underl ayer shoul d
be sufficien?gfglo%tg?% ?ﬁ%naﬁf%gﬁ?%p€§e%%%c?%a%§e %?éﬁ$§ %.got% 50 nm

or e pr efer 3l e o0 30100 o0 LHTRASE DECHET ORI 4,01 Sty 10opm When e

under | ayer nt al ni ng S e maln conmponent i's e substrate

may be or ”BYo@QEiﬁg heabed; kNt oLpRbONc 0L hbg: YRdeL| AYeL-aéy soft
magnetic | ayer may be fornmed between the underlayer and the recording | ayer

?s the case gequer 88ch ThEskopaBhi 08 Pbrhley SOf b1 WBIDEtY Cot aNLnPE QY des a
aree 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



so effect and is used preferably for, in particular, a keeper medi um which
reduces magnetic transition noises or a perpendicul ar recordi ng nedi um
wherei n magneti ¢ domai ns extend perpendicular to the | ongitudinal direction
of the medium s5 The soft nagnetic |ayer should be made of material having
relatively high perneability and small magnetic |oss. N Fe or an alloy
obt ai ned by adding Mo or the like as the third elenent to NiFe is used
preferably. The optinmm perneability, whgzh-varies |argely depending on 20
the characteristics of the head and the recording | ayer used for recording
data, is prefodradgue faoom aleolitall@itrect 00 060@ (Humetas theknmmxi mum
pernmeability. Further, an interlayer nmay be fornmed on the underl ayer
cont ai ni ng Cshapet obligjue tonporémcudart e t28roasgteadiingedn Boradiadpl e,
when a CoCr series interlayer is fornmed, it is easy to contro

crystal | i zat idénrestt ioke Orfagn@tang@eltayerilsk,- ig4 is| diféieiudg tive obsedrdi ng

| ayer (magnetic |ayer), a |layer _having the sanme material as the underlayer
or anot her neAgmadsetitc higbeavail Ly trem kber pasegehetwéds t he recording

| ayer and soft magnetic |ayer. \WWen the 5 recording |layer is fornmed, the
substrate5nafeﬁéoﬁﬁgﬁﬁﬁlﬁo@aﬁérﬁé&tQﬁcaﬁ§etWégpéééFdﬁﬁ@aP§§eﬂo 800 al | oy
magnetic |ayer, a rare_earth type magnetic_ |l ayer representedq by FbFeCo or a
mufti-| ayer sPELiCAERELY ﬁpﬁéFaFanSCQ RGBEE Bt 4PSr BpPBSERCed by a
mufti-Iayer of 10 go and Pd is preferably used. As the magnetic layer of Co
al l oy, pure ﬁﬁgﬁﬁﬁﬁc material of Co alloy which is generally used

as a nmagnetic mategria such as_CaoNi Ta, N|Cr ar CrPt can be
used. Further, aﬁlr%e em?r]ft Sulh® gsﬁd %w&encﬁg SBYr G netlike or a

d CogL Pt Ta,
Comornd canbattol Rea ahe e “ﬁ?&&kﬁéy9%8@%52%‘%'05%5‘18@%‘?‘{“%%kness of
the ”39n§6'Cabaﬁ%%c9fo@0aahhgﬁek§cp532%é§9|zs éoﬂghaérgﬁraomﬁﬁéﬁtl

preferably, 10 nmof nore, 20 although the thickness is optional. Eurther
the thicknessgti §sppebeablyt 6 BBheackesse BREGrBr gbekabhyor3@ nmor |ess.

The recording | ayer may be forned by |lam nating two or nore nunber of
| ayers by i npetpashngfamhappagprr tat eheonedtgheivherebiyeih@yaenee wyt hout any
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 um 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



25 interposing layer. In this case, the conposition of the magnetic
material to be forned may be the sane or different. - 85 As a magnetic
material for a rare earth type nagnetic |ayer, a generally used nateri al
such as TbFeCo, GdFeCo, DyFeCo, TbFe or the like nay be nentioned. Th, Dy
or Ho or the like may be added to such rare earth 5 alloy. Ti, Al or Pt may
be added to prevent the deterioration by oxidation. Although the thickness
of the rare earth type nagnetic |ayer isgpptional, a thickness of from
about 5 to 100 nmis usually used. Further, two or nore | ayers may be
formed as theikaanheeondi ag spayer tiirpeghl yharhbyhenteepggi hgama pppsopri at e
non-magnetic interlayer. The conposition of the nagnetic naterial to be

| am nat ed rnay bertbe.sahecordingier etherd nipar tlxugarintheener eofearth type
magnetic |ayer is a | ayer having an anorphous structure and is capabl e of
15 magnet i zi dg ffgacitdéanl yheo atl asgdeadicrdl tdi Fethi snmagnehécnpdt tiern
Accordingly, the nethod according to the present invention is suitable for
hi gh densi t y heydoodiangaamdvi 3 ivapabbshef andr fhaglaneaghdthcipasperhowi t h

hi gh density and high accuracy is effectively applicable. 20 The

mul ti-layer eFrengnsid¢oprdenaly andhepbt enamnelic watkters hapdal & of

per pendi cul ar magnetic recording as well, may be of generally used one, for
exanpl e, Co/ PAFTeY/ PineFeipth [&/ AQ, PrefaENER. t hE Fﬁk@re#ﬁéagign%mi on

metal and the noble netal for_the materjal of nulti-layer 25 are not almays
necessary tobﬁénSuFQtSBFlﬁﬁ?15¥ &healRsif &BHPaFﬂPE@CEUUﬁtHEF%? BRALHB nai n
conponent. The thlckngss of . fromabout 5 to -

5671000 it PROGON Pt mRBifpEe oﬁ8?5U&a¥?h‘8¥ tﬁ%ﬁ%?‘f??m y be
conposed of three o%ﬁ%ge ké dg é’h Jateri as tlhse S]tkhleq%?f tJhtIen t he

pr esent |nven{1|oﬁy &"ecord ing layer 1S ' prefer
reC0rd|n90|a$gElh§ Egbﬁgls having information that the line width of
a magnetic pattern is 0.5 pm 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 in consequence. 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



thermal conduction in a thickness direction in heating the recording |ayer
is poor, and excellent magnetization nay not be obtai ned. Therefore) the

t hi ckness of the recording layer is preferably 200 nmor less. On the so

ot her hand, the thickness of the recording |layer is preferably 5 nmor nore
in order to keep magnetization. In the present invention, the magnetic

| ayer as the recording | ayer keeps magnetization at room tenperature, and

i s demagnetized or magnetized in the oppggite 15 direction by applying heat
and an external magnetic field. The nmagnetic |ayer should keep

magnet i zat i oswwpréayad emeY alHeresf A o redpeefienhablfe chiatknkhgyst atic
coercive force of the magnetic |ayer be 2,000 Ge or nore at room

t emper at ur e, deeriehy wkeedipladeavi ng smal |l 20 nmagnetic domai ns and suitable
for high density recording is obtainable. Mre preferably, the static
coercive force atFumodretenpierat uhene i35 000 sPace barweenOthtchaagtkher hand,
the static coercive force at roomtenperature should be 20 kGCe or less. |If
it exceeds 2@&rkia;hea negligen,25 heagoetire engeensi pyplsssndedbdpudsesder to
obtain uni form magnetization by the first external magnetic field, and

t her e mayScadse idid farc dinsy fifri qd@nttoonitipy tusfalk epugAsciog sig8zl whecgbr di ng.
The static coercive force is preferably 15 kCe or |less, nore preferably, 15
kOe. Descri ptisorranddd palmdde bas the tilve estarieaceoefcererbyr beant. t en
magnetic | ayer, heating tenperature to a 5 |l ocal portion and the intensity
of the seconéPSeEUETASSeeg et ithef Mardmuper Exemm? eSPEGE al Prede it Be¥i ng a
static coercive force_of 3,500 to 4,000 Qe at roomtenperature, the

coerci ve for Q8GReSEs (19 Pagdc PE9s &89 MREAFPy &feher aFe0f286 P6 15 Oe/C

with tenperature.rise. For. 1o exanple, it decreases bout 2,000 Ce at
150G S hoe (P TEe g SERECR: Sta RSEPY| UeoFer 68 bhRbott 3,000 Co by

using an,gxt qrnal dRanel ¢ higld apRlyiod MRAns, chL haqRgsSi lhedo form
sufficiently a magnetic pattern éeve y a heating tenperature d? about
150C 15 The henaim-o£ Azl 96l cahanhd08pekalLyiBe hakoeol Bnarder to
mai ntain stably informationrecor ed W th hi gh densi'ty. The dynam c

coercive f or @ icy fR:ehiClove 1hghee iabhkned by cBpasUL! poinhen the magnetic

field intensity is changed in a short tinme of 1 sec or lesS, 20 i.e., a

coercive foreecdicivdragdreld off ittledmignierdcalpybsechhdhbrobuirsecentless.
However, the value varies depending on the magnitude of a magnetic field

and a heat apel ideatricared e aPaef-&r gy ont Hepdydanyconoar degeekonbce under
the condition of 1 sec is twice or nore than the 25 static coercive force.
However, 15f iintieg fexeess felingearge the besdtimmgherimedf i whdrehveasity is
needed for nmagnetization by the second external magnetic field. i
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 (%) = (TAAp3—TAAgps) /TAAgsX100
where TAA represents an average reproducing signal in the
same pattern region, TAAj 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



_ 88 _ Therefore, 20 kOe or less is preferable. In the follow ng, an
exanpl e of the sequence of neasuring the dynam c coercive force (the
coercive force of the magnetic |layer as the recording |layer) of a 5
magneti c recording nmediumis shown. 1. The coercive force of the nmedium
under the condition of application time t=10 sec is obtained. 1.1 A
magnetic filed of maxi mum magnetic field intensity (20 kCe) is applied to
the mediumto saturate 10 It . 1.2 A magegtic field HL having a
predetermned intensity is applied in a negative direction (a direction
opposi te to theeridia ecigiood ohgsettucapasternl. 3I10tskesi s valnueaphedOtinder
this magnetic field 15 condition. 1.4 The magnetic field is returned to
zero. 1.5 Thewalore o wagast vat pomagnethe petsprnohavheg a large
scattering due to a large influence of interference.
When the lessening of a defect or a damage is
5 considered significantly, it is preferable to form a
space between the mask and the medium in at least an area
for forming a magnetic 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 is 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, if 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 is no influence such as the scattering of lubricant,

the deposition on the mask.

As a method for keeping the space between the mask



above 1.4 is read to obtain a residual magnetization value ML. 20 1.6 The
sane steps (1.1 to 1.5) of neasurenent are repeated by changing a little
the intensity of the nagnetic field applied in the above 1.2. As a result,
resi dual nagnetization values ML, M2, MB and M4 are obtained with respect
to the intensities of magnetic 25 field Hl, H2, H3 and H4 at 4 points in
total. 1.7 Fromthe values at these 4 points, the applicable nmagnetic field
intensity H which provides - 89 residwal- nagneti zation value MO is
obtained. This corresponds to the coercive force of the nedi umunder the
condi tion ofamg@ptheatdometiomatiersetorpingdherappbf cete omadneeic is
changed to 60 sec, 100 sec 5 and 600 sec, and neasurenent is conducted in

t he sane manpesordindtpedl wachtloees cl wea flogideodit f @ackeeppty cthe drothne. 3.
In the estimation of the coercive force values at 10 sec, 60 sec, 100 sec
and 600 sec,menleers citvea foFede termined shb? tancapplFicFatxametliare acan be
obt ai ned. For exanple, the dynam c coercive force under the condition of
appl i cati on $peelifiad fseel cah krepbike eask 1and sthrdeadidiy 4brat he magnetic
| ayer to keep magnetization at roomtenperature and to be magnetized i5
with a woakePr e e BN dHEt FRNFT dNY dbe diSbpr SPFEItAEE - h@atShsg e
tenperature. Further, magnetic domains in a nagnetic pattern can be nade

clear by i ndFRARHGITRF fd 17 IRE DR EAT thPIDom Vefidist WriPand e
magneti zation erasing tenperature, For this, it.is 20,preferable that the
magnet i zat| JIFLPET NP EHIE! AUTETE M her FUG5BERY SkB YPAER S of or r od
to be 100C:qge formed integrally with the mask.

When a spacer is 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, it is

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



hi gher, nore preferably, 150C or higher. For exanple, the magnetization
erasing tenperature exists in the vicinity of Curie tenperature (slightly
| ower than Curie 25 tenperature) or in the vicinity of conpensation
.tenperature. The Curie tenperature is preferably 100C or higher. - 90
When it is lower than 100C) the stability of the magnetic domains at room
tenperature tends to be low. Mre preferably, the tenperature is 150C or

hi gher. On the other hand, the tenperatwe is preferably 700C or 5 | ower
because when the magnetic |ayer is heated excessively, it may be deforned.
In the preseskpbndent eaniliyheh€umaskt érprr ahar Bagfieanc AFEcording
(Anti-Ferromagnetic coupl ed) nedium does not nean Curie tenperature of the
princi pl e magedtium.| ayer but 1o neans apparent Curie tenperature of the
mediumin its entirety. Wien the nmagnetic recording nmediumis a

| ongi t udi nal negAé¢t iis fecohdirngrederab)lei toi sodifittcaht etohdogduct
saturation recording to the magnetic recordi ng nedium for 15 high recording
densi ty havi hgeatiegh toepsi veteor cerpynfhresbhebnppohabnmagnehecnpsknt i ng
met hod. Further, it is difficult to forma nagnetic pattern having high
magnetic i ekd £Arending grnaaveRethupnal Whhchtakal ¢nhaxs nufhfay expand.
According to the present invention, 20 a desired nagnetic pattern can be
formed even PHOHiFdABi PhidFRal PPeEot #kRgSRREPENTRYii 1@aBEeCt®FShi gh density
recording. In particular, when the saturation magnetization of the magnetic
| ayer is 50 EROFEELBRSRODPELWERR FRFI TiBREe2DF ENY | BAGYRBLF cTFFRI TS | ar ge.

25 Accordingly,.the_application of the present invention provides a |arge
effect. A hiBHGLUB PEERUFS BbUAPNEbIS RENLERS SBYGRGtFER Posofike
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



magneti zation is 100 enu/cc or nore. However) when the saturation

magneti zation is excessively large, the formation of the nagnetic pattern
is difficult. Therefore, it should be 500 enu/cc or less. 5 Wen the

- magnetic recording nediumis a perpendi cul ar magnetic recordi ng nmedi um
wherein a magnetic 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 io gecuw due to denmgnetization effect.
This creates noises and deteriorates the full width at half maxi num
However, thebpassenandnpention(shkesthoéuposseblayto cecoesippnéf epathy in
such nedi um by using the conbination of the soft nagnetic |ayer and the
under | ayer. tBahamfheipeesentiomyghti on, the protective layer is preferably
formed on the magnetic |ayer. Nanely, the outernpost surface of the nmedi um
is covered with &hkamdspr bheet pvepbhagér hbg ghiehadldaamgenevenhe nagnetic

| ayer due to the collision of the magnetic head or the 20 deposition of
dust on the faytaceppbsiayntprohecwing perbyondadd enoWWeranseifragnet i ¢
pattern form ng nmethod using the mask is used according to the present

i nventiorp taBSPEVteeENTe | PEHIGEEY (IR edisumder %ﬁqwéltdmrdue to
the contact by the mask. 25 Further, the protective_|ayer in the present

i nventi on prEYeftsSERetaRFHat 1 BnCOrtehe WhigRetPe TeYEMMwhéT it is heat ed.

The magnetic layer js_generally, - 92 easily oxidized, and th Xj dati on
i s accel er atBat ?lﬂLaggﬁgFr?%sgh%tbﬁ%s%%?r$% ?ﬁW?wWa%fgﬁm§T¢@§§%§anic
| ayer is Iocall¥ heat ed i S. desi t he

b , o0t | t hat
protective Iﬁ?% SFESpPgﬁF%%ggség%?ﬂg q%nf%ﬁ%a%l%%g%éﬁg?sﬂﬁyg$ SR BA%r to
SEIRET TR ERI N T R

plurality of e pr%tectlv ayers on 't he magneti c

2yer neay eshahg thec OULLLINY SWdaGe LS ALALSOUAE dAXaL IRy e  of med

directly on 10 e magnet1 c layer, y I nterposing a |ayer

havi ng anot hegsfupchhionpesnt BEcKESE FEOM] F88chAnPart Of @ierpyxbepss is
absorbed by the protective | ayer whereby the nmagnetic |ayer is heated

|l ocal |y by t&gb8adeq0onduché 08t cNE@NpdHEL P 08 @CAd Vieo | mates tise t@Rb&&IEAI Ck) a
magneti c pattern may beconme uncl ear by the
portion to be the non-transmissive portion.
Material for the spacer should be hard. Further, it
15 1is 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 pm 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 is preferable to



thermal conduction in a lateral direction. Accordingly, the thickness
should be thin. Further, it is preferred to nmake the thickness thin for the
pur pose of reducing the distance between the magnetic |ayer and the
.magnetic 20 head at a recording/reproducing time. Accordingly, the
thickness is preferably 50 nmor less, nore preferably, 30 nmor |ess,
further preferably, 20 nmor less. On the other hand, in order to obtain
sufficient durability, the thickness is pgeferably 0.1 nmor nore, nore
preferably, 25 1 nmor nore. The protective |ayer should be hard and

durabl e to oxigatd et <HRAr Adnita ias righeuRk@teeki ¥l ayeh, cdmponeldd

carbonic material such as carbon, hydrogenated carbon, nitrided carbon,
anmor phous carfean,thd Guiistke d.i kehe0gqust 02, 1£r28Bat Srdly TéRporisive. | i ke may
be used. Further, the protective |ayer may be nmade of material having 5
magneti c propeiidwes:, lin pard idghan,ighlie tpaakedticiag pyepeghawkdtbe thin and
very hard in order to bring the distance between the head and the nagnetic
| ayer cl ose amdressidelams Adc arldinaglip,l etiseeafioca. pratestdirgglayethefe car bonic
lo material, in particular, dianond-like carbon is preferable fromthe

Vi ewpoi nt sof iid sarhadveo Hameachate enstrgyc beand biibshoati ngvplepgthi es. |t
serves not only to prevent a danage to the nagnetic |ayer by the
irradi ati on cfucdnersg)s 0feamrs dyutl esiss whtichbe ldowabbe ifly 4in& pawegesdhgt he
magnetic | ayer by the contact of the head. The magnetic pattern form ng

met hod of theayw dsemsednvedni ancase appht caltEIY doeamd parjvenPrat bendge | ayer
such as a carbonaceous protective |ayer. Further, the protective |ayer may
be forned of "aWS12QISh F5r &SedyePPL1ARENTA2FEy&F BBRE&FnitAgCCFtas the main
conponent is fornmed as the protective |ayer directly on the magnetic |ayer,
it exhibits a reﬁﬁFkﬁ%%?Kﬂqgﬁnpﬁ(F¥ﬁéﬁ@%FpﬁffﬁénSH&FEﬁ&FFnQSi%PG He
magneti c Iayer.tEur herl.it i%tp eferred to gor a Iubri%ant Iﬁ¥e 5 on
the prot &8t i $ETTAYEL AN IardEF Y o POMEVERr 8 GEASGECES PhelhBRi GRPBY the
contact of t sk _or, t ' ubr | t.us [ the

| ubri cant Iaeg}?ﬁﬁnm'}Sgg%ng?%gﬁ&;érgﬁggangr#gaﬁkggg ﬁ§d§ggé?50n type
lubricant angja Maing af JfhAese qﬁhﬁ@&aug,t%ﬁmeahggﬁgdflzﬂﬁrg%' cant can
be applied by the usual nmethod such as a dipping nethod, a spin coat nethod
or the like. @ dfttRacedricant |ayer may be forned by a vapor deposition

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 to 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



met hod. The thickness of the lubricant |ayer is preferably thin so as not
to *hinder the formation of the magnetic pattern, and is preferably 10 nm or
| ess, nore preferably, 4 nmor |less. On the other hand, in order to 10
-obtain a sufficient lubricating performance, the thickness is preferably
0.5 nmor nore, nore preferably, 1 nmor nore. Wien energy beans are
irradiated through the lubricant |ayer, lubricant may be applied again by
taki ng 15 account of a damage (deconpositdon or pol ynerization) of the

| ubricant. In the layer structure as descri be above, another |ayer may be
fornmed as theetaseineqtior ¢he Mbdismpréferabhe enekegpbéhmsshatackeenughness
Ra of 20 the nmediumafter the fornmation of the nmagnetic pattern to 3 nm or

| ess so as negatio kevdectkd stabhki npskf snpéang.t Hésd |of rgie orttrannti diead.
The surface roughens Ra of the nedium neans the roughens of the surface of
t he medi um wokhdet lhaeirnd st beefebrbtéanberayee ahdhias a Vawue 25 obtai ned by
measuring a |l ength of 400 umusing a contact finger type surface roughens
met er (nodel raéddectivator ard21di sknpbef fperednpaue bt by eox byl King Tencor))
and - 95 calculating according to JIS BO601. The surface roughness Ra
is, nore Pprefbrapiym.] BuRpher. | bsdapaitablgnt (¢nAnt aeenaidules i on Wa
of the mediumafter the formation of the magnetic pattern is kept to 5 5 nm
or less. Wa F8& sheaRbBaRMISFM dA¥EFati on in the medi um surface wthout having
the lubricant layer, and is_a val ue obtajned_by neasurin | ength of 2 nm
using the cont act*Sf PRg&<APIE 8 rFQ@emFBhBﬁnégg REP Pc%ﬁgdgrenane: Tencor

P-12 di sk il fact d by KLA T 1 d | cul ati inth
Came manner BECERBAEH: i ALFORCOP KAy hot 6 PLEPEr SBIJSICHB Surface

undul ation is éf@gﬁggf%ﬁﬁéiP%zqg?gtgaggggkg Egco géngagfdggg%%gnstructed as

ment i oned ab3dV a“nmagnetrc pattern is 1 ucted to the
recording, |l a mgnet i. ¢ | - | r ef ei t her
met hod ag)deég%P@gggbg 3?3 g%?%% %€2E§$%§§c¥%$ﬁé?§yeFﬁéﬁg%ﬁﬁ&ﬁhe ubri cant

| ayer has begp,f QB%Qn?nth@ecf@SﬂEﬁ'l'anak@i‘,erthérgaQPétéCslB’@EE@f:[h@ay be

formed just after the formation 20 of the recording | ayer when there is no
danger of thgeekbdat bORapbrt RepbeEOidhNgetBYE! . a Vabh OUSy NR: FI0EE £ad be used

as the layer formng nethod for form ng each | ayer of the nagnetic
recordi ng nmedbusn . Forhexappt ter iy Mettidd Mapare tefdslid ifrgpmmetHeods 25 such
as a DC (magnetron) sputtering nmethod, a highfrequency (nmagnetron)
sputtering netibkegpiat BEERcspabiéitmgofiefboring &acompadepbayer on T hod and
50 on 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 oxide 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



- 96 my be nentioned. As layer formng conditions, an ultinmte vacuum
degree, a nethod for heating the substrate, a substrate tenperature, a
sputtering gas pressure, a bias voltage 5 and so on are appropriately
+det erm ned dependi ng on the characteristics of the nediumto be obtained.
For exanple, in a sputtering nethod for formng a layer, an ultimte vacuum
degree of 5x10-6 Torr or less) a substrate tenperature of fromroom
tenperature to 400C, 1o a sputtering gasypressure of from 1x10-3 to 20x10-3
Torr and a bias voltage of fromO to -500V are generally preferable. Wen
t he subst r at esuff ilvgaingd nart- trrean slye sisd avtee ¢hriopleotte eshd lfightashde 1dfintthe
under |l ayer. Wien a 15 transparent substrate having a | ow t her nal
absor pti vi t y iopesdd esam furderigy deanali.ng predederajierdcorfdienicngi€y as
the main conponent or a B2 crystal structure is formed on the substrate to
i ncrease t he aride dwedabd3sdnpttiovitthye, eneegyulbbsemat.e Attheatledthand t hen, the
recording layer 20 and so on are forned. When the recording layer is a rare
earth type thickness varies depending on the compactness of the
5 layer, i.e., a layer forming method, it is generally
preferable to have a thickness of 40 nm or more. The
thicker, the more preferable when the durability 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 is 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 is

preferable to use material containing silicon as the main



magnetic layer, it is preferred to prevent corrosion and oxidation to the

| ayer by the follow ng nmethods. Nanely, a nask is applied to the innernost
circunferential 25 portion and the outernost circunferential portion of a

+ di sk-1i ke magnetic recording nedium |ayer formation is conducted to the
step of formng the recording layer, the _ 97 _ mask is renoved before

t he successive step of formng the protective |ayer, and the recording

| ayer is covered entirely with the praotegtive |ayer. \Wien the protective

| ayer conprises double |layers, steps until the formation 5 of the recording
| ayer and t heofpesénipr ciecthe enddyerarasmel £oinckiCtageby usi ng a mask) the
mask is renoved before the second protective layer is to be forned, and the
recordi ng | ayer UsecoVetked ehtorehy wwpd lhler sexondnpy otacsevehéayer. In
this case, the corrosion and the so oxidation of the rare earth type
magnet i ¢ | ay@ecompo bt prrefef abhlyr pravielne dhdNeatad ivet ey net | eneremor di ng
devi ce according to the present invention will be described. The nagnetic
recor di ng ddweares oind reerpresenthvidr ol iomcishpr iSSesea timgnet i ¢ recor di ng
medi umin which a magnetic pattern is formed according to the

abovenenti onadiret Hoek1a aridilmp poredirsiore @rfifadly ttHee magreti c recordi ng
mediumin a recording, direction, a nmagnetic head having a recording portion
and a 20 reptRRRVNEE PR tiarer fand g dtharpai renaths dgrratedmgnet i ¢ head
with respect_to the magnetic, recording nedium and a recaqrding/reproducing

si gnal pr oc&X3HNF Tre ahi Shi Thi G/Fp1 o sV F f Wi Gy oF GaPt aie Bafyneti c
head and recegives. a reproducing signal fromthe nmagneti.c 25 head. As the
magneti ¢ hedth™ Jf]?jyﬁlﬁg?ocgméarc%]ﬁ‘h%ﬁeql Clﬁg]a(folg &Y yifsed to perform
high density, J &GOl NG B 1491 5 40E JIRANGH & § egQLdhag medium in which a

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, 2Au, 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 is



- 98 magnetic pattern such as a fine, highly accurate servo pattern
provi di ng a high output of reproducing signal, mnimzing noises, providing
high SIN and CN as well as a small nodulation is forned according to the
- method of 5 the present invention, high density recording is possible.
Further, use of the nmediumof flawfree and | ess defect |essons errors in
recordi ng. Precise servo signals can easily be obtained by using the
magneti c recording device in which after;sthe to nmagnetic recordi ng nmedi um
has been assenbled in the device, the above-nentioned nagnetic pattern is
reproduced bprtherangpneldcaheailctoopblassa. signals, and the final servo
burst signals generated based on such signals are recorded by the nmagnetic
head. 15 Furt her Thet mpshpdeferalibemtihgt thegnahstrensniedias fhgermapsetic
pattern formed by the present invention remain in an area which is not used
as a user's dataimreartattbart hemseedobburatnsilyrdl Sohalerberm becor ded by
the magnetic head. In this case, the magnetic head can 20 easily be noved
to a desiredspoesterong eveheaheon abpasi depral t tevi athermal deposmgheti ¢ head
t akes place due to any disturbance. Accordingly, such magnetic recording
devi ce cdpabf¥Dofr helheli hyksi gral Be proadced hyparhd wdEy r édsy di ng net hods i's
highly reliable. 25 A magnetic disk device as a typical exanple of the
magneti c r ecOPdF hgr Heyi BethPd| 1 perHeberrpkd. fntie Fhgnet eereinks deli ce
conprises generally a shaft 99 for,holding a single or a plurality of
magnetic di SREOHYIPRAER r Qe TRYSF t PR RePtisF BHrPTotLeF nlPt he magnetic
di sk or disks, connected to the shaft by ipterposing .a bearing or bearings,
a magnetic hE%ﬁrT%f FRAGF ot %HH?%?Q gr%ﬁrﬁﬁﬁEPﬁﬁ H%Tafé%ﬁrarn1attached
an_act yat or tor.nnv'n? the head via {he head armto a

a i a

mﬁth the head.angh n-transmigsive er may,.be a mu yer
desired position~on the nagne?lc recordr ng nedi um ereiR-The

50U 1o OBUGLID hep oot e e DO Lgcotsh ng reat um
nmagnet i c heaQnother 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. In
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 is

too large, the transmissivity of energy beams decreases

and the time for forming the layer is prolonged.



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 neans whereby a reproduced
-informati on 15 can be obtained. Information signals are recorded for each
sector of the disk along tracks formed concentrically. The servo pattern is
usual |y recorded between sectors. The magnetic head takes the servo signals
fromthe servo 20 pattern whereby the head perforns correctly tracking to
the center of a track to read the information signals in the sectors. In

t he recordi ngheadditreloki nig: iis perefemabd easondld 508s ndescr ileed , above, since
the servo pattern which 25 produces servo signals is used for the tracking
i n recordi ng puefmnedtlivon, 4 gim aacdesey iespegipddyi euedereddyi r 680 Pwrt her,
since a servo pattern which is widely - 100 wused at present is conprised
of two sets ofr patstserns for each track wherein the patterns are shifted
mutual [y by 1/2 pitch, it is necessary to formthe servo pattern for each
1/ 2 pitch of inforhdthemrgspidl sinvand iggooridi Agl prf egaimlee tor &oirgi én i s
requi red. However, in the conventional servo pattern form ng nethod, the
track wi dfh fHreladattiisg leverr slalsbods GrarspagestufrwgseediisPgared 86 be

limt because _of vibrations resulted in the magnetic recording device in
whi ch t he the outermost layer (at a side oppoOsing the medium) of

the non-transmissive portion. A purpose of providing 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



1o center of gravity of the outer pin was different fromthat of the
actuator. Accordingly, the accuracy of the servo pattern could not follow
t he demand of increasing track density. Therefore, it was difficult to

i nprove recording density of the magnetic recording device and to 15 reduce
cost. According to the present invention, however, a magnetic pattern of

hi gh out put of reproducing signals, |ow noises, high SSN and CN and smal |
nodul ati on can effectively be forned. -Ageordi ngly, the servo pattern 20 can
be fornmed accurately at a very low cost in a short tine in conparison with
t he conventiohaluaseryoypats eran floe mmgromtdod. For exanple, the track
density of the nediumcan be increased to 40 kTPl or nore. Accordingly, the
magneti c recordi by devase ofi hormieg nehk uili ofettiel @5lgyreasert dmyent i on can
perform high density recording. Further, when a phase shift servo systemis
used, cont i nueRIStn TSNS SEFfe P gl s idan heastidiifedo Lormpthepher eby
the track density can be increased. Since the tracking under the condition
of a width cfiglactmerlaves and Fssilblcon1gh-adérisia yavedorfdimd light

obt ai nabl e. As descri bed before, in the phase shift servo system 5 a
magnet i ¢ Spat $RAGL Kt BHF ERE L ¥V Xari®e, 1nitedr 15F35¢ &F J5YiSFue direction
wWth respect to the radial direction of the_disk fromits inner periphery
to an outer PEMPMESEER tRNe ARRACEGE cohti AuBBESt 85t REOVAREEY directi on
or a pattern obljque to the radius was difficult to formhy 1o the

convent i onal “R&r ul;faﬂti%‘rcn ’Taoq'efﬁ‘r?;l 5 R chher SO TRYSZeF3 VS gnal s for
each track while the di Sk has SO ai'tsesquveand 59 nIi((:_iatteecé (l:,lz:iLI %lél %tfi on or

syst em was R AL hg 10 he presé:)ncf invénti on, hhO\%ever, since it is
enough to pr : g i .t he , 0
irradiate en rgy@%xglggri %olr?cﬁ{n Cr?g{s (fesmd%ia%tgteé%ﬁ%aﬁllgﬁ%%géq g’retrcried.

Accor di ng| y,%ﬁ lrtiréf%{li‘ﬂ& usghle &1 & RhAsE Shiid REMRS¥elERzan easily

and econom ¢ produced i'n a short tinme. Further, a magnetic recording

devi ce of phasg s ddi eyt ema2o nehigagoermits high density recording
can be provided. In the widely used conventional servo pattern formng

met hod, a medi unih spBssSERDhE e @idBgnetic Iaanf dingdadiee (drive), and
then, a servo pattern is forned with a servo witer for exclusive use in a
cl ean 25 r omputihenineach attgen ,i sigtvcaeredrt ahché iker whomlidt ée. dbhe pin of
the servo witer is inserted into the opening fornmed in either a front
surface or &y emwmirmurd aeetadflichdargetiQ¥hereby the layer guality 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 is 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.



drive, and recording is conducted for each pattern along the track while
the magnetic head is noved nechanically. Accordingly, it takes nmuch tine as
about 15 to 20 min per drive. Since the servo witer of exclusive use and
‘the 5 opening is fornmed in the drive, these operations have to be conducted
» in a clean room and the processes were conplicated and manufacturing cost
increased. In the present invention, the servo pattern or the standard
pattern for recording the servo pattern ggn_be 1o recorded in a |unp by
irradi ating energy beans through the mask in which the pattern is

previ ously fornedrhdceaskli agl ¢xpldinaseraimoypat term meantdxeadlor med in t he
mediumin a short tinme by a very sinple manner. Thus, in the nmagnetic
recordi ng devamel ived mdtheomiedi uumtihe Wagte tis tdae tsemy & cpatitner mathddor med,

t he above-nenti oned servo pattern witing step is unnecessary. O in the
magneti c recdrdi rlslevicecha tioxrniee imediafma pattticotn theoer stnangdaridsgatt ern f or
recording a servo pattern is fornmed, a desired servo pattern can be witten
based on t he eratdimdamediam . eray ian Malsk denesal IThwsed foraBewement i oned
servo witer is unnecessary, and work in the clean roomis also
unnecessaby. IRAQGRFiNG tirn SamHmerekishoy ©oF flamitheryeénilng at rear side of
t he magnetic recordi ng device, and therefore) it _is 25 preferable fromthe
vi ewpoi nt of MRIVHIAQGURANShdeshrddpe -FuFRhBRICFHEBT t het mhgkswstablebr ought
to contact with the nedium_a danage of the magnetic_recording - 103

medi um by t hé Torft$eCafe 1P TarlGerdr PEOFGSEINEl thefBePPdech WBARGe™8Y t he
medi um due to the int EPOSi ion.of fi.ne dust or foreign nmatter can be
prevent ed t o AN S? YeEGr PéCe of a defect. 5 As descri bed above,
according to the resent ianveantei QY tt}_;lemrra Qﬁgiicc rre%%%rqdi Qﬁ,ﬁ‘d%m ce.capabl e
of recording with High derfsiTd g < 66t & ASHS By & SoMoHENEF ™ 1956 cost .
Vari ous kjnd et C a in, il e d, GWR
head, T bhegﬁgghgeggléﬁ&ﬁ%§ggk%ﬁgggaggym%ghgfﬁfug% %r?hggﬁeggg %@an

portion of the mpgnetdgdeadbyiher¥Bnedda aagpblici pak ckphensity of
signal can be obtained even in high density recording, and a magnetic

recordi ng dewceorefiny @ rtel@o;pc%@@@n@eaﬁk;teﬁt%ﬁ haybeel edhiizedegVier the
magneti c head is noved at a flying height of not less than 0.001 um but not
nore t han 0. @achimsulrtfaceuispudiceekivieqpabri Sornpbaredurdadeshe devi ce havi ng
a high S/N can be obtained. Then, a nmagnetic recording 20 device of |arge
capaci ty and shewdgameghlsyiyr &lyi alrlrengangbaapkevi éeerglfuitrirediawtien a si gnal
processing circuit according to a maxi num|likelihood record nethod is

combi ned}5t heyséemsdiang densist f orapprbdiiiher abe ekpronddmaportégafipked 25 a
sufficient S/N can_be obtained even when recording or reproducing is
perforned w & Bothaslkogensitt Fhef "¢3iKPPI or nore, a |inear recording

density of 250 kEClI or nore )
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 laver 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.



- 104 and a recording density of 3G bits ore nore per square inch.

Further, the intensity of signals can further be increased by constituting
t he reproducing portion of the 5 magnetic 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-magnetic |ayer or
| ayers 1o di sposed between the plurality7gf-conductive magnetic |ayers or a
GWR head utilizing a spin-valve effect. Wth use of such magnetic head, a
hi ghly desirabl e Aagbkti shadtoy db hateevieeh havé eprabe v Ui e deihsi ty of
10G bits or nore per square inch and a |inear recording density of 15 350
KFCl or nore sRerbbledataveendife ahtysabld sulaay dssmldapanese Pat ent
Applications No. 2001-238698 filed on August 7, 2001, No. 2001-326407 filed
on Qct ober 24eRpating. o disg4ueus Fhe enaioNdeaisor i mogerakd Wo.

2002- 099124 filed on 20 April 1, 2002 incIudLn% speci fication, clains,
drawi ng and sifffary HeWeviercoltpeirat 88 RefeitRTBR r@géﬁénéénﬁﬁaﬁﬁ§ BReLrety.
(EXAMPLES) Now, the present invention will be described in 25 further

detail wi Bh r&f drith @RI HEdEdDIs eneRmel dieans WisHaRY e Mas&siCod t hat
the present invention is by no nmeans restricted to such specifi¢ Exanples.

- 105 EXAMPIRRYCSFIN S praf latend Soh nﬁﬁF&Fﬁ&?giﬁbs?rQFEeHéQFnﬁaHlHHaneter of

3.5 inches was shed and dried, .and 60 of _Ni Al 10 .nm of Cr9oMdl o, 12
nm of Co64Cr % T o Frii ity | Rﬁ%%%cgtrweatrybosﬁm as

(di anond- | i ke, carbon a pratective layer re fornmed.thereon under such
condi tions tﬁCar[, d i(;nliat e vlasg um ergrreedef xf@vée %@rﬁ,ngsl?&satt{rea'te t enper at ur e:

?g?ﬁ bias vol t age),eg0PY. 4 SPMIA {0 PJA5 e N i AN LA PSSP W £ 3x10-3
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 technigque, 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 imaging optical system).
When the energy beams emitted from the light source

are passed through the mask, the intensity distribution



1o As a lubricant layer, a fluorine type lubricant was coated in a

t hi ckness of 0.5 nm and baked at 100C for 40 mnutes to obtain a

| ongi tudi nal nagnetic recording disk having a static coercive force of
3,600 Ce and a saturated nagnetization of 310 enu/cc at room tenperature.
s5 The di sk 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 nmagnetic field by a perngnent nmagnet woul d be the sanme as
the direction of rotating the disk. 20 A substrate of quartz glass having a
squar e shape of t12¥ emergyl Xeams arsl charndeknesd ofrhBarinwesyaisied for a
phot omask. 75 nm of chrom um and 25 mm of chrom um oxi de were successively
formed on t hefsumddiom ofhe heedubs taatfmdeadimgpudie ati skyagindy areaarea f or
etching (a pattern area) 25 was etched to forma non-transm ssive portion
havi ng t he nmisuglurasivah hingagatersrn Ghe) i8agm (@n8 mavf be aelfiemeegotioi on
and a space portion). An area other than the - 106 area for etching
(pattern areds i REGUALEFANSHAES| A drhe gredusigst i iglaas e’ & omi um | ayer
and the chrom um oxide |ayer. The reflectivity of the thus obtained

phot onask 5t o X8&STHREA pif 5 1Ay UeRH Ry W SEidengt h of 5 248 nm was 16% at
the non-transm ssive portion and 5% at_the transm ssive portion. Then, a
non- phot osensi t i VE€Pol yinF dREFESTH vt i depanf T mMScanfiang HiekiHEss of

i ckmeon of ol i TS SR B e SO0 B e e e
irradi ated for brgad band exposure through mask for.formng projgections.
Then, devel oprment t%%%sl’tk]é?t?%e 1 Jdis r%‘%ij%%%i%egc%q@%%%ﬂ]c‘g‘éoéfand t he
remai ni ng phqtoresis . vied t I projectj.ons.. .Then, the

phot omask wa% ea%?f éaetnwgéﬁye%léb%s S_?rﬁon%u %%o{@p c{:aSJrs% ;L)erl%r%c i°ons Of rlp_ol yi m de
resin. The d Uhd HH N RILIRALQRP MBS i gh dpdled igee i@y m having a

di anet er of about 3.5 1 nch wherein noncircul ar transm ssive portions having

a di ameter ofrZQrdimp erefidandesy alt iantagalspala, 1A mMHIr A ea of
47 to 48 mMmin radius. Thus, there was obtainable the photonmask wherein the

pattern areaawaddrdlsstirata i exwefl 118 dsedtS mm bedeadtdSobaAin a
substantially circular projections (spacers) having a height of 2.5 pm and
a 25 di anet ersudfff ix( e weireel dairtivange o iddr dtritoersy,altheoft Hi@knems mfa the
circunferential portion of the pattern area, i.e., in the range of 47 to 48
mMmm i n radi us safistdravess isn oeferably 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 Al 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



- 107 periphery other than the pattern area. The photonmask was rotated
integrally with the magnetic disk at a speed of 3.2 sec per revol ution.
Then, the printing of magnetic pattern was conducted under the 5 foll ow ng
rcondi tions. An excimer pulse |laser 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 mm x 30 mm (a di aneter corresponding to
1/e2 of the peak energy); a shading platesfer form ng the 1o beam shape
into a sectorial shape having an angle of 12 was di sposed at the | aser

i rradi ation portresdmd fps édhel asewpeasti ofadioated Wheh 32sphstestat a
repetitive frequency of 10 Hz (irradiation period: 100 nsec), and at the
sanme tinme, amagetl gliissl d swaseshpltbed expehstiha 05 padgeetied firekddagpl yi ng
means shown in Fig. 3. In obtaining the heating tenperature by sinulation,
it was found tchathe Hereghipdigruod wasrbvopeamsucan7de soppgesseNanel y, it
was found that a magnetic field of about 1.7k Gauss in an inner

ci r cunf er enc®acagisen 9lasisobasi én speldrrathggmad epPnducEancst wherepry¥k and
about 1.9k Gauss in an outer circunferential regiaon (a | ocation of a radius
of 46.5 nhk) RadiReKayeIassiice®att g cCPBukfefORI'ELl: direction of the
magneti c di sk, and a _direction opposite to the unifor, neti zati,on by the
presence of the 31 tandiehdy trafq hayigg Pu%ﬂgér%%ﬁénfﬁﬁpring a
pul se-1i ke current %%I7OOV to the ir-é%re %oils 28a %ﬁbw a_pul se-1ike
magnetic - » {08 QCSHTARBGE PI7R E8GSSTin®af i nAef 1&1r Rlinfer enti al
region (a Ioca%%pn OE ath%dh%sngkiélrgn%rgfnth%egkaﬁ %ng %gout 1.9k Gauss
in an outer &TETTerdntial rgglon (aloca Fdn"6F+d"r &di'usof 46.5 nm) of

t he di sk was r.at-e it p L.d of, . 350 . a0 coils.
At this nnneﬁ%?gﬁﬁgséglggggfup%g éhﬁﬁe%%;ﬁﬁﬁ R

magnetic,fi elg a3 35610 QPR hefBInAS AUEHrafnd D¢, 1 khadi athognperdod of the
energy beans. As shown in Fig. 3(b), since the magnetic field by 1o the

air-core coilgnt2@an 380 rsubservemelinenmagaetie thakdchy hBexkpesnanent
magnets 22a to 22d, the maxi mum magnetic field of about 3.4k Gauss in an

i nner ci r cunfriethitalintegicontakctt ke tti ske( aabaeatcofeebraingdmadiafh, 21 nm
and about 3.8k Gauss in an outer circunferential region of 15 the disk (a
| ocation of dtrddi psedersedstoniseas apghietdci metordling 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. In 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,



|

v

Fig. 6 shows a tenporal relation between the pulse of magnetic field and
the trigger pulse for laser in Exanple 1. In Exanple 1, exciner pulse |aser
was 20 irradi ated about 4 usec after the emttance of the trigger pulse for

-laser. As understood fromFig. 6, timng was adjusted so that the pul se

| aser was irradiated when the intensity of the magnetic field becane the
maxi mum 25 The structure of the optical systemfor |aser irradiation used
inthis Exanple is as follows. The pulseghlaser oscillated froman excimer
pul se | aser - 109 source is passed through a programmabl e shutter which
serves to takesbihy angr ddetiecmamedgeusiel lof cpukied dbnomihherbBasetosour ce.
Laser selected by the programmabl e shutter is 5 subjected to adjustnment of
power to havesaureecdehesiveaesponwér eathehayehe | aser i s passed through a
prismarray in which the laser is divided into three portions in a short
axis direction afdth aeprifsmtamiay ianmabnelt icheecagdingsméidviuged i nto seven
portions in a long axis direction, 1o and then, the | aser reaches a

proj ecti on | eesor@hegpitios her pagsehanéniventiondi i vetahdisupayenpegeht he

| aser so as to equalize the intensity distribution of energy. These prism
arrays are sesebiiResNidfiepre§heolakehpapgbfi fervedThe rhsesubstpassed
through a shading plate, if required, s5 to have a predeterm ned shape of
beam and isSpa$s€& -t hrough a photomask in which the intensity distribution

i s changed according_to the na%netic pattern, to be proéected onto the
di sk. CCNPARATIV@SE%NﬁPEEtfoﬂo RIMEGRBLRE GrskMG&e L prEpaP¥ETi ndt he sane

manner as Exanple.l. The surface of the disk was netized uniformy by
2ppl Y ng. a MAGREPLEURI 60d APERLBZ08r BT LABgRREh 8ot At SLRECEF FESE] on of
t he magnetic Hi%Lg was h% same g%tghQndi&g ﬁg n of roﬁa&igg ghe gisk and
the 25 nmagnePir&“td & ﬁé& an |ﬁPenS|Fy of agou 10 Kt fabou? 10k %%uss).
Then, the, priathag,of &vBRiKcRAA! §hA UBSOACNGYCLEdused. 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, in

consideration of productivity for a magnetic recording

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

preferably, 10 um or less.

Further, it is desirable to form the metallic layer
on the entire substrate surface. However, it 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 is 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,



- 110 in the sanme manner as Exanple 1 except that a magnetic field of
about 2.1k Gauss in an inner circunferential region of the disk (a | ocation
of a radius of 21 mm) and about 2.7k Gauss in an outer circunferenti al
-region of 5 the disk (a location of a radius of 46.5 m), 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 1o On the magrmati-c di sks obtained in Exanple 1
and Conparative Exanple 1, magnetic patterns were reproduced with the MR
head for hardedhskihali hgxauwidghwothphagbatkaletasene ofaindandnaand C N
and the nodul ation of reproducing signals were neasured. A results is shown
in 15 Tabl e texTabketap€/ Nogdbh®bdutakieniie) Exahpteng laser beams,
120. 213Conpar ati vel6. 555Exanpl e 1 EXAMPLE 2
or by the combination of these techniques.
The mechanical texturing is generally conducted to
5 provide anisotropy in the magnetic layer in its
longitudinal 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 beams is
10 generally conducted to improve CSS (contact-start-and-
stop) characteristics. It is 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 1s preferably 2 nm or less, more



A N P-plated alum nosilicate glass substrate having 20 a dianeter of 2.5

i nches was prepared, and a magnetic di sk having a dianmeter of 2.5 inches
was prepared by formng the recording |layer and so on according to the sane
-procedure as in Exanple 1. As a lubricant layer, a fluorine type |ubricant
was - 111 coated on the disk in a thickness of 0.5 nmand baked at 100C
for 40 mnutes to obtain a |ongitudinal magnetic recordi ng di sk having a
static coercive force of 3,800 Ce and .a gaturated magneti zati on of 310
enu/cc at room5 tenperature. The disk surface was uniformy magneti zed by
appl yi ng a negeéeirebfiyel @ wnt hrahebsnt ensrtycolaabpuprébek&elyabdut 40 k
Gauss) to this disk so that the direction of magnetic field by a per manent
magneti ¢ woubd Besthe The samef ase ttheughness ikm i a ctatiephtE iy A
doughnut -1i ke substrate of quartz glass having an outer dianeter of 95 mm
an inner di ameeenrdhgld henghd aft APGknessibh 2. Gonmhawkst usedr foypea

phot omask. 100 nmof silicon and 30 nmof Si Oz were successively fornmed on
the z5 surfaeerdicehcovghsesat vefari agdt heldisatinndtha neesufed etching (a
pattern area) was etched to forma nontransm ssive portion having the

m ni mum wi dt Haéfepacecerdiny Do33IGNEPO0R3 UM fdrisa dasm gdra iemd &fd a space
portion). The area other than the area for etching 20 (pattern area) is a
non-transm s&R9ePpBPEi AT cBRPFIELRG tHeCEi®iThhe| Al efPanE ¢ he W 01 | ayer.
The reflectiviéx of the thus obtained photomask to exciner pul se |aser
havi ng a waveP8hYfh of 248 nmwas 30% at the nontransmi ssive portion and 5%

at the transm ssive rtion. 25 Then, .a_spacgr,of Cr _Jayer was.provided in
a circunferentia anBBFS agFrtﬂgyngtg?ﬁmgaegeBVeﬁnlFk?-%??nﬁéfﬁod. Nanel y,
the mask in TQ&%P gHgséﬁgtégﬁggrgkéguLfHe underlayer is 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 V, 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.



- 112 projections (spacer) having a height of 0.5 umand a ' dianeter of
50 umwere arranged at intervals of 100 umin an area of 32.3 to 32.5 mmin
radius in an outer circunferential portion other than the pattern area) was
- 5 obtained. The photonask was overlaid on the magnetic disk. Air between

t he photomask and the magnetic di sk was sucked with a vacuum pressure of
-40 kPa to bring the photonmask into close contact with the nagnetic di sk,
and they were to rotated at a speed of- 332 sec per revolution. Then, the
printing of magnetic pattern was conducted under the foll ow ng conditions.
An exci mer pul seThasehihiueng afwaliel endehlaye?48honldabeconffotliedtt o have
a pulse width of 25 nsec) a power (energy density) of 53 mJ/cnR and a s5
beam shape ofto5ohnhain3then {aiddareper @odresponaieggbby 10 e obd Shenpeak
energy); a shading plate for form ng the beam shape into a sectorial shape
havi ng an angbre opréfemably spdsddtat3 ¢ ham| aberther goiiat¢omblortQ. ando pul sed
| aser was irradiated with 64 pulses at a repetitive 20 frequency of 20 Hz
(irradi ationlperiod WM ridec undayd spen [serdgidinoer asmddwetiecdioi el d was
applied with the nagnetic field applying means shown in Fig. 3. In

obt ai ni n@ t heohpreReRy ienperaedr etlhy Iubstraioermay tbewer freandiehaeet he

tenperature was from about 170C to 200C. 25 Nanely, it was found that a
nmagneti c fi dreeleed sy yhe formation of the underlayer.

A soft magnetic layer may be formed between 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, is 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 CoCr series
interlayer is formed, it is easy to control

crystallization of the magnetic layer.



1.4 k Gauss in an inner circunferential region of the disk (a location of a
radius of 17 mm and about 1.4 k - 113 Gauss in an outer circunferenti al
region of the disk (a location of a radius of 30 mM was always applied in
-a circunferential direction of the magnetic disk in a direction opposite to
the uni form magnetization by the 5 presence of the permanent nagnets 22a to
22d. Further, by supplying a pulse-like current of 900 Vto the air-core
coils 28a, 28b, a pulse-like magnetic figid-of about 2.4 k Gauss in an
inner circunferential region of the disk (a |ocation of a radius of 17 nm
and 1o about 2.5 I Gaussinion tdre outoerrdiinge Urfyerre niaginetdgl dryedr )t,he di sk (a
| ocation of a radius of 30 nm was generated with a pulse width of 90 usec
around t he cdiadyer Anvtinigs tiensame mhéevableasf thiee updieséd awedt brof the
second external magnetic field was 9/5,000 tines as nuch 15 as the
irradi ati on peotbgérohonhmagnetdy hedrsiaAsmgiiolr intErgosgfbpetwierce t he
magnetic field by the air-core coils 28a, 28b subserves the magnetic field
by the pernaftdet reagméisg?2ayes 22d, splié maghruacmagretri.c When the
5 recording layer is formed, the substrate may be or may
not be heated. As the recording layer, a Co alloy
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 SiO;
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.



field of about 3.8 k Gauss in an inner circunferential 20 region of the
disk (a location of a radius of 17 nm and about 3.9 k Gauss in an outer
circunferential region of the disk (a |ocation of a radius of 32 mm) was
applied in total. The tenporal relation between the pul se of the 25
magnetic field and the trigger pulse for laser light is the sane as in
Exanple 1, and the construction of the optical systemused was the sane as
in Exanple 1. - 114 COVPARATI VE EXAMBEE-2 A magnetic di sk was prepared
in the sane manner as Exanple 2. The printing of a nask pattern was
conducted in theA5 gamegnannermaseExahpfer 2a exgepteshah tiwe space between
the magnetic disk and the nask was kept to be 0.5 umw thout sucking air
bet ween t he magmetic biwkr amd géremmbky wertl andtzserapowerh gfs ORI was
irradi ated. Evaluation so On the nagnetic disks obtained in Exanple 2 and
Conpar at i ve ElBapd e DyFeRgnethie par t draisl e enae pgreoduwedi anad. t A, MR head
for hard disk having a width of playback elenent of 0.4 umto neasure the
rate of occubyepeeiofosutheul Bes. man Rk added Xo thech atareofeaxdur r ence of
sub 15 pul ses was 12~ and in Conparative Exanple 2, the rate of occurrence
of sub-pdl sezli@g. 22%, PHuer Bt Way Eenkiddeed tion PEeaepite thet hat t he
occurrence of sub-pul ses could be suppressed. Accordi n%_to t he present

i nvention, sTfERritEA bl X Eatertal  Aagherrd fibel dhaskngsgube- | i ke
magnetic field conponent, a heated area can be nmagnetized well w thout

af fecti ng adv? setyP £HoM! HoRB AUt 1 diFR e ERft'EdHred even when the
]P(L)”r (S:Z- la.![ kreogl%%{]cét Ie@%sfa![?e# gf-lpoomnpa noeurg é StoI alr(g)ernn'{ r}.aé:n L}srhealsfyatl.{scedc.oer cive
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/Pd,
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



25 Further, there is little possibility that noises are generated in an
area which is previously magnetized uniformy or that a nagnetic pattern
once fornmed is - 115 erased. A fine magnetic pattern having a high

out put of reproducing signal, high SSN and CN and a snmall nodul ati on can
effectively be formed even in a nedium5 having a | arge dynam c coercive
force which is usable for high density recording. Further, a magnetic
recordi ng medi um and a magnetic recordinggdevi ce capabl e of high density
recordi ng can be produced econonmically in a short tine. - 116 CLAIMS: 1.
" A met hod for Torod ngn aa hdgnesth cltpats emgtilnadppl yungharfi the axiednal
magnetic field to a magnetic recordi ng nedi um having a magnetic |ayer to
magnet i ze unifayen ynaheos qgretaed dfaydrden car proedetkemdisned diatectiiedn and
heating | ocally the nmagnetic | ayer while a second external magnetic field
is applied thesetle o etgauiheesheated portion is magnetized in the
direction opposite to the predeterm ned direction, wherein the second
external 1o magnein cti¢ abxesert alpigntelan kdhmgiradardifie| lgyssnpgonent . 2.
The method for form ng a nmagnetic pattern according to Caim1, wherein the
pul se w déh dfrefirrahlwdhike ﬂiﬁgﬁg?i gerpEiang ohpvRENL Sofhifk, second
external magnetic field is 100 nsec or less. 15 3. The nethod for formng a
nmagneti ¢ pat t@rF e SFAINF Hercia @ FRisfeessn I EeCHdrse 1 #ERLANTIt he

pul se-1i ke magnetic field conponent of the second_external magnetic field
is 10 nsec ortHS%gEcHF A% iHod S §°For ARy SXCREGRELT BagRELeZA4E80r di ng

20 to any ong of QP chi'dnka WEHELRELPE, "BANCHL CokAYEE 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 obtainable. 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



is heated locally by energy beans. 5. The nmethod for form ng a magnetic
pattern according to Claim4, wherein the energy beans are irradiated to
the magnetic |layer through a mask. 25 6. The nethod for form ng a magnetic
pattern according to Caimb5, wherein the energy beans are irradiated in a
state that the mask is in contact with at | east a portion - 117 of the
magnetic recording nmedium 7. The nethod for formng a magnetic pattern
according to any one of Clains 4 to 6, .Werein the energy beans are
pul se-1i ke energy beans. 5 8. The nethod for formng a nagnetic pattern
accordi ng to chadhdimgwhamhe i tatd Pulose cdivet Ifoalcet He peedadadiiensal field
is 1/2 times or less as large as the irradiation period of the pul se-like
ener gy beans.k@e dhelawt hasbforpfatatalglya mMegrieie c pattern according 1o to
Claim7 or 8, wherein the pulse width of the pulse |ike energy beans is 2
usec or |ess. 10.D&hberipthad woI1 floe Mmade sasraignethe Ptisr t@ooorwk ng to
any one of Clains 1 to 9, wherein the magnetic recording nediumis a
di sk-1i ke naghet¢e okcdrelimpris nediaygr t Heaiirer tiempegfathvhe fhia st and
second external nmagnetic fields is a circunferential or radial direction of
the medi um ofod¢al peopeimti andrthe iHenmsidivumis itfeacecomdd exterialect i on of
the first external magnetic field is opposite to the direction of the
second ext er nedgneigietiielrd f Ferdexamplehe ipeehBgdivn havinegaashaghetic
pattern according to any one of Cains 1 to 10, wherein the second external
nmagneti c fi el Pl txsifesifs |3y HipIied 1A% e &t inoeTs hemmes adfuticehe
mediumto forma magnetic pattern. zb J]t%fYT e nethod _for formng a nmagnetic
e

pattern accordiffid T EE MOFEE vitfe 84 FESES lddsedildg afediumi s a

di sk-1i ke nmagnetic recordi ng nmedj.um havi ng a di amet er , of - 118
rate of 10 to I5 Oe/°C with te&mperature rise. For

10 example, it decreases to about 2,000 Oe at 150°C. Since

it 1s 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,

20 i.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 1s excessively
large, a large magnetic field intensity is needed for

magnetization by the second external magnetic field.



2.5 inches or less. 13. The nethod for form ng a nmagnetic pattern according
to any one of Clains 1 to 12, wherein the maximumintensity of the second
external magnetic field is at 5 least 2/3 times as nmuch as the static
coercive force of the magnetic recording nediumat roomtenperature. 14.
The nethod for form ng a magnetic pattern according to any one of Clains 1
to 13, wherein the magnetic recordi ng nedium has at | east two nagnetic

| ayers. 10 15. The method for form ng a pagnetic pattern according to any
one of Clains 1 to 14, wherein the second external magnetic field is

appl i ed wit h BRtededfaste arp Gelkdnt rconegret .isl@referaidtehod for formng a
magnetic pattern according to Caim 15, wherein the second externa
magnetic field 151 stheppialedbvmynaoni rergule dppllic stdarerafe afst ati c
magnetic field with use of a permanent magnet or an el ectromagnet and the
appl i cati on dfeasysinge-Uhek virggiat iaeericalvig Wioriseuddhef caerelivet foragnet .
17. The method for form ng a _nmagnetic pattern according 20 to O aim 16,
wher ei n t he iaft &fsi Mpgsetife lpaGretisc thiceFG¢ oMYA Nghd ay&rmawén® magnet i s

| ower than the static coercive force of the nmagnetic recordi ng medi um at
room t enpér afiydRetig rRGOIMET o MEGAT deniSHGWA -magnet i ¢ pattern accordi ng
25 to Caim16, wherein the intensity of the magnetic field wth the

per manent nadnet TRe |SRE@C MRt F GRu@ledih g aretiar Mg dedgridts CEItdamn in a
heat ed portioQ of ég? - 119 magnetic recor ing n%diunl 19. The net hod
for forning &mEHREtCE PEL ErffCadcordiSG &5 &My 20RE%f Cainms 1 to 18,

wherein the magnelt.ilc pattern i.g %igogt rgl | i ng pattern avi ggei]r formation
repr g )

for 5 controllinga r ecor flﬁgt]:}l tcr mﬁﬁgne]f‘i ¢oHBga 2 e method for

formng a magnetic iRQf (kN KRRGOLY NPhqed AmA nMRSLE! B! BecGRakEo! ing
pattern contalns a

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 Ml.

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



servo pattern for controlling the position of the recordi ng/reproducing
magneti c head or a standard pattern 1o for recording the servo pattern. 21
The nethod for formng a magnetic pattern according to any one of Cains 15
to 18, wherein the magnetic recording nediumis a |ongitudi nal magnetic
recordi ng nmedium a conductive coil is disposed at a single side or 15 both
sides of the nmagnetic layer in parallel, and the second external nmagnetic
field is formed by applying a pulse-like§§lgctric current to the conductive
|

coil. 22. The nethod for form ng a magnetic pattern according to any one of
Cainms 15 to A8y pher eldyddie manet a12R meeondi ReRBAidHM | 8nasl ongi tudi na
magneti c recordi ng nmediunm a conductive coil is disposed at a single side

of the nmagnetddiAdca¥findd) RAMRMd @loerd iGRNGUGHY & It MeL re 1S RESRY: athd he
reverse side in parallel, and the second external mnagnetic field is applied
by suppl yi ng careulSerof idgpialeatitne tauwe ent1 ot @elche conductive coil. 23.
The nmethod for formng a magnetic pattern according to any one of Cains 15
to 18, whereion t hEhdrapiEtication Hthe recior didthgetlidemd s sederpndaul ar

magneti c recording medi um a conductive coil is disposed at both sides of
t he magneti c drdy &0,0 ard,t heids ecartrexieeitndls wagdekited i@l dhes sapel | ed by
supplying a pulse-like electric 5 current to the conductive coil. 24. The

met hod for foaney aoredietine epatt eoeradver diomget atCeaichn hbpdrick2,ionsher ei n
t he magnetic recording nediumis a disk-like |ongitudinal nmagnetic
recordi ng nediima.
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 is
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.



havi ng the central opening; a conductive nenber is passed 10 through the
central opening so that the conductive nenber extends in the direction

per pendi cular to the nmedium and the second external nagnetic field is
applied in a circunferential direction of the nedium by supplying an
electric current to the conductive nmenber. i5 25. The nethod for formng a
magnetic pattern according to any one of Clains 1 to 24, wherein the
heating tenperature for the heated portHﬁg of the magnetic layer is at nost
Curie tenperature of the nmagnetic |ayer 6. The nmethod for formng a

magneti ¢ pat TNE A %ECQédHBQ %%BQ Thos> &{L %@Aﬂsl 1%\% % £y pdherein the

rragnet| C recor I ng neadl um as a I’I cant ayer rragneef| c | ayer and

the heating heBREEaLUAEnhona Q@ayegmpeé&bgpaeﬁrgh HEQ“EB'Be'ﬁxﬁr i's not
nore than the Thermal deconposition tenperature o | ubricant |ayer. 25

27. The met hggrfev\hrg@é%ﬂg a Eﬁgn%fn?e%%%” Q%@E"d”&t}&(}gﬁ{y - 0N, Of
Clains 1 to ) erelnt gmaxumm ntensity of the secon Xt erna
magnetic fielfesathsli figng, - théleehBerReLoy TENLLOREMLL) $B-d Dr
5 lower because when the magnetic layer is heated
excessively, it may be deformed.

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



|

(1) The magnetic |layer, when applied with the second external magnetic
field, maintains a magnetic force in a predetermned direction in a room
tenperature range, and 5 the magnitude of magnetization is at |least 0.70
times as nuch as the saturated magneti zation, and (2) The heated portion of
the magnetic | ayer, when applied with the second external magnetic field,
is magnetized in the reverse direction with respect to the 1o predeterm ned
direction, and the magnitude of nagneti-zation is at |least 0.70 tines as
much as the saturated nagnetization. 28. A magnetic recording nediumin

whi ch a magnetdagnegatzarion sid orlfedeny/ achemetded f Bowkwem nghannagaeetic i 5
pattern according to any one of Clains 1 to 27. 29. A magnetic recording
devi ce char actarized ¢y et isdatg an ey reetdes siesdnilaygesditing i n which a
magnetic pattern is formed by the nmethod for form ng a nmagnetic pattern
accor di ng t o fmmateornfo il tFigrgnanes 128 bar( exrdriisvidig fgenliton for dri vi ng
the magnetic recording nediumin a recording direction, a magnetic head
havi ng a recdtRuEREPeR 1 iidh Hrile g > ddu @y 5ot digssneans for novi ng
relatively the magnetic head with respect, to the nagnetic recordi ng medi um
and a recérdi ng/ r'¥peRduRe MR st G et C PFrHEESs 197 Wearfs anhi ch supplies a
recording signal to_the nagnetic head and .receives a reprqducing signal
fromthe magmREREHELG1ar Magietiq refod Ragh SIS WedgEdiend @evi ce
according to Caim?29, wherein after the _magnetic recordi ng nedi um hags been
assenbl ed i n M Hegh g T Tt Irin Q£%ﬁ%%¥;qﬁﬁgen€§%eﬁiBnﬁgaﬁoﬂgﬂﬁoﬁgces a
magneti c pattern totprod %g.si naHg, % an%_fi%%] Servo bur st siggals
produced basél "BIFIHe SRS are eSS ded Dy AERS 167 MREVFESRESTC head.
31. A nethod r.odyci i.C . recordi i hayi a ghetic

| ayer, a proﬁ%%(%£é%1g%é?ggﬁﬁgggﬁﬁgkﬁfgﬁ%a%%?@%tggg§g§ho%gaggﬁb§g?ate in

this ordgp sQMARr &k & JTRENRIJHE ABLIE U !esfffe%rtrTEdThﬂst@Pe&@&é‘eﬁ(jﬁfsééyer’,
t he net hod being characterized by conprising a step of formng the nagnetic

layer and t heydd Aeacdd Msr-d raerern filiel SHRRH afte el 15 @k i0funf OF MoR@viche
| ubricant |ayer on the protective layer, and a step of applying a 15 first
ext ernal magngid pdddnt timvErgien rked fier fogstibde to record
preferably in such medium by using the combination of the
soft magnetic layer and the underlayver.

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 is generally



magnetic layer in a predeterm ned direction, and heating locally the
magnetic | ayer while applying a second external nagnetic field having a

pul se-1i ke magnetic field conponent to magneti ze the heated portion in the
20 direction opposite to the predeterm ned direction whereby a magnetic
pattern is forned. 32. The nethod for producing a magnetic recordi ng nedi um
according to Claim31l, wherein the nmagnetic pattern is a controlling
pattern having information for controlligg a 25 recordi ng/reproduci ng
magneti c head. 33. A magnetic recording nmedi um characterized by being
produced by tewesiet hod desxct,i ked itheCoaiida31oor i32accedetd8ed3dy A magnetic
recordi ng device characterized by conprising a nmagnetic recordi ng nmedi um
produced by teetnethodIdesbei bedsent CavenBilonr 8ca the viiagneoiei on for
driving the nmagnetic recording nediumin a recording 5 direction, a
magnet i ¢ headayavri ng daceddwdiegtpdr bvosnandyabeapsoduti hg gesikohleneans
for nmoving relatively the magnetic head with respect to the magnetic
recor di ng nmediha® téed pxoteséndiendpvepr ddubikr RY1ohghHl fprvedssnnghaeans which
supplies a recording signal to the magnetic so head and receives a
reproduci hg SPGRECICr dRVERe 1RngREErc tReRESVSBE Fhe augfeEielrecording

devi ce according to Claim 34, wherein after the nmagnetic recordi ng nmedi um

has been assenbl &8s thee MAGTiCe 1A¥ESr dPnGoRsF L EEtefh8Y ndgnetic i 5 head
reproduces a netic pattern to oduce signals, and fjnal _servo burst
signal s prodﬁgg%a§&§¥d°%naﬁﬁgr§rgggﬁspﬁPEng&B?déﬂy8§ ﬁ%ﬁﬂido?ethe magneti c
head. 36. A netic pattern formng_device for form a netjc pattern
ina nagneti%gggggr8anhﬁeﬂﬁaﬁft9ﬁegﬁgeﬁaaﬁgf?EFpg?Fégg ?ngfﬂﬁs evi ce

bei ng characteri-zed by,£ONpLLsL0Y & ”%&é&mxﬁ‘aﬁ\% PG JEANS ({ioﬁec'koﬂﬁﬂ'o@ the
magneti c recording rredi um ™ an ener gy m sour ce f'or "em tting energy beans,

a proj ect on feansghar or 9Leet ngrandy i ptahahbAdulhe, eopEaY; eags from the

energy beam 25 source to tﬁe magnetic”recordi ng nmedi um gnetic
field generathgg-mBaNS nkOBnaRALYI BAnatMBANLLI €nki 8hfet Bebierangnetic

recordi ng nmedi um wherein the magnetic field
A part of energy beams is 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 1 nm or more.

The protective layer should be hard and durable to

oxidation. Generally, as the protective layer, a



- 124 generating neans generates a magnetic field having a pul se-1ike
magnetic field conponent. 37. The magnetic pattern form ng device accordi ng
to Caim36, wherein a mask is disposed between the energy 5 beam source
-and the nmagnetic recording mediumso as to change the intensity

di stribution of the energy beans depending on a pattern to be forned. 38.
The magnetic pattern form ng device according to Caim36 or 37, wherein
the magnetic field generating 1o neans-has an el ectromagnet. 39. The
magneti c pattern form ng device according to Caim 38, wherein the magnetic
fi el d gener atdaygpareian snd et ivedle s p ersnanseriioma dnetr agahadre e laegtocormagnet i n
conbi nation. 15 . A
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alca]ca]?@'E%ﬁﬁ%ﬁ§§ﬂ§l§%$part1cu1ar, 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 layer 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 carbonaceocus 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
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Desirably, the surface undulation Wa of the medium
after the formation of the magnetic pattern is kept to 5
nm or less. Wa is an amount of undulation in the medium
surface without having the lubricant layer, and is a
value obtained 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)
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
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
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
such as a DC (magnetron) sputtering method, a high-
frequency (magnetron) sputtering method, an ECR

sputtering method, a vacuum deposition method and so on
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ultimate vacuum degree of 5X10°® Torr or less, a
substrate temperature of from room temperature to 400°C,

10 a sputtering gas pressure of from 1X10™2 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 is 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
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7—}0P1!X§§F"%Q%§§ng%&b@)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
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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. In 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 is 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
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5 reproducing data, an arm attached with the head and an
actuator for moving the head via the head arm to a
desired position on the magnetic 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 servo
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
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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
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the disk from its inner periphery to an outer periphery
is used. A pattern continuous to the radial direction or
a pattern obligque 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
magnetic recording device of phase shift servo system
20 which permits high density recording can be provided.
In the widely used conventiconal 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
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complicated and manufacturing cost increased.
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 in a short time by a very simple manner. Thus, in
the magnetic recording device with the medium in which

15 the servo pattern is 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 is not brought to contact

with the medium, a damage of the magnetic recording



10!sS . "109%& ()-"!';. "109%& ()- !s33"10%& ()-8"IwWU3PL1!!! Ns%
"109& ()-!'sY"10%& ()-sS!'NsY"109%&' ()-s! XsY"10%&' ()-s!f%Y"10%=& ()-s! XsY"10%
& ()-sq}oPl! 1 Ns% "109& ' 10%& ()- 10 10 10! Ss% "10%& ()-! N s% "109%& ()-! Ds%
"109%& ()-CzX6P1!!!11S9%5"10%& ()-!L4"10% ()-! @Q.4"10988& ()-!SL4"10%& ()-9'1
0%& ()-'9'10%&' ()-9:;<CrS1LII XX L!'10%& ()-VY:10%& ()- 10 10
10! 1 9% 109%&' ()-!' N 9%5' 109%&' () - 9% 10%&' ()-=& wWJ3rS1!!!; "  F'10%t& ()-s!'L
Z"10%& ()-!'NL Z"109%& ()-'aL Z"109& ()-1 14309& ()-!D=" L!109%& () -
Zg~r Pl L&G 10%& () - '\ L&G 10%##& () - 19109 ()- 10PP 10PP
10PP! * . F" 109RR&A{)m shyd t e 10@ER: { )wistlO another structural member or a
5nJzX6r P1! ! DO%G' 109%&' () -! N9%G' 109&' () - L&G' 10% & () - ! DbL&G'10%&' () - '\ L&G'1
0%t Z#Z&' () - | dSh& 10Bpp&e (Ded b Sd td 0B (1) A& o) -dF 104’ () - 10
10 10! X9%5' 109" () -!9%5" 10%&' () - Fwi dEr S4!'f ~ 10SI MLO%H&E' () - S10%H& () -
dust or foreign matter can be prevented to thereby
prevent occurrence of a defect.
5 As described above, according to the present
invention, the magnetic recording device capable of
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
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and a recording density of 3G bits ore more per sdguare
inch.
Further, the intensity of signals can further be
increased by constituting the reproducing portion of the
5 magnetic head by a plurality of conductive magnetic
layers which cause a large change of resistance due to a
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 kKFCI 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 detail with reference to Examples. However, it

should be understood that the present invention is by no

means restricted to such specific Examples.
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NiAl, 10 nm of CrgegMoig, 12 nm of CogCri6Pt12Bg as a
5 recording layer and 5 nm of carbon (diamond-like carbon)
as a protective layer were formed thereon under such
conditions that ultimate vacuum degree: 1X10~’ 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 um (0.8 um for a line

portion and a space portion). An area other than the
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oxide layer. The reflectivity of the thus obtained
photomask to excimer pulse layer having a wavelength of
5 248 nm was 16% at the non-transmissive portion and 5% at
the transmissive portion.

Then, a non-photosensitive polyimide resin was
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 ym. Then, light from a high pressure
mercury lamp was irradiated for broad band exposure
through a mask for forming projections. Then,
development with alkaline liquid 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-1like
form having a diameter of about 3.5 inch wherein non-
circular transmissive portions having a diameter of 50 um

20 were arranged at intervals of 100 um 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 um and a

25 diameter of 50 pm 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
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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
frequency 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 22d.
Further, by supplying a pulse-like current of 700V

to the air-core coils 28a, 28b, a pulse-like magnetic
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this moment, the value of the pulse width of the
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
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Laser selected by the programmable shutter is
5 subjected to adjustment of power to have a predetermined
power. Then, the laser is passed through a prism 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
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the disk (a location of a radius of %%15 mm) , which 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 pm, 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
Exanple 1 16.5 55
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



0
10%&' ()-"a6q@ Tl Mt/ | @%&! 109%&' ()-g3"10%& ()-T! D3"10%& ()-T!!10%z& ()-! S3!
10%&' ()-!ax! 109&' ()- 10TrP/! @%&! 10%& ()-g!ks3"10%&' ()- 10RR 10RR

10RR! XD. ! 109RR&' () - ! X. 110%z& ()-" YU&! 10%& ()-gwx6P/! @1 sl %" 109%& ()-gs
Y'10%& ()-S! Xs

Y'109%&' ()-S! fs3"10%h& ()-!'k@3"109%& ()-!s3"10% ! & ()-2rS1@\ " F'10%& ()-F: 1
0% ()- 10 10 - 111 -

10! Xs. Y"10%&' ()-"!Ss. Y'10%& ()- sl %" 10%&' ()-g ?rS1@\ F" s! 10%& ()-x! X s!'1
0%&' () - x10%&'coptel' bAY@hE) AiXX Ehl@Y&hirknEsE0WELO( b- TioVaxd<b@xed a6/"
1071 3" 10980 & () -tla . 3"10%& ()-t! 1 .3"10%& ()-t | 9% 10%& ()-T!1 1% 10%& (
) - TVWA [ uV71@00°¢ 0% (%0 1098 ( $s 108@OHralfYR' (InYlOsRi a1 YRAMRE {J -

10" [ d<dE71@\ 4109%& () - LS10%&' ()- ml0%&' ()- F10%& () -

@LO%& () - F10%RcEyrdNingd E25@® havingy@ EratitouRetyi@el09&ee) of 3,800 Oe
T109& () - Y%g10%& () - #! 109& ()-) <tdE71@\ y810%& ()- 6f

1098 () - 410v&nE) 22 FeyRrELed]l DeEMEr1zataor Cf- 8P u@T! AE1D9PME ()-1) &
10% "] "& ()-1t& 109'N'& ()-F910% & ()- 10 10 10l: 109%&' ()-wi[9~\: @\! Sa&%
"10% - & () - ! NEYPeTOHEE ()-!1 D&% "10% " & ()-& ! 10%r& ()-S!' 1 & | 10%#" #" & () - S&
109% & () - <=>?F& P. @\ ! Sa&% , ,

"10% - | k. &8Z" 109@HEng ek sdere yoe prgioyrrlyo FegRgtired1 88r 6r

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 magnetic would be the

10 same as the direction of rotating the disk.

A doughnut-like substrate of quartz 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 Si1i0; 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 pm (0.33 um for a line portion and a space
portion). The area other than the area for etching

20 (pattern area) is a non-transmissive portion comprising
the silicon layer and the SiO,; 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
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e&f()-S'DF3"10%&&%E %hotomask was overlaid on the magnetic disk. air

between the photomask and the magnetic disk was sucked
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 toc 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 in an inner circumferential region of the

disk (a location of a radius of 17 mm) and about 1.4 k



"109% ()-'a "109%&k ()-!3 9 10%& ()->rS4@ 310%&' ()- @&10%& ()- 10 10
10! 1s/3"10%&' ()-"!Ss/3"10%& ()- s¥B"10%& ()-S
YdEr S4@ 31010%& () - nLO%&' ()-: 109%&' ()-109%& ()-Z10%& () -,
@O0%&' ()-{dErS4@ 31010%& ()-109%& ()-10%& ()- ,10%& ()-L10%& ()-110%& ()-1W
dEr S4@ 310+109&' ()-,) 109 ()-19%0%& ()-19%d0%& ()- #109&' ()-!Z10% ()-, ZaB74
@
10Y: 109%&' () -! KLs6109%BW8&' () -410%&' () -2109%&' () -. 10% ()-L,!10% ()-.zdB4@
10\ s!109%&' ()-'as!109& ()-! 1109 ()-! '109%& ()- @L0%& ()- 10 10zCdz[9B4@
1'1s31!'10% & G9duss in an outer circumferential region of the disk (a
@9l0%&' ()- W10 ()-g!' X %8 10%,& ()-g!Ds! 10%& ()-! Sas! 10%&' () -dr PA@
'l s31! 10% ! f IBdD9hor&’ ¢f) -a : dei¥UBl g Jof BOY YO W sl GViwa vs3 Hok0%ek' i) a
las31! 109 () -
WX6P4@ ! | 9%V Qip9@an( fje 189 00/l {jec t igxo 21 (g (Magnedgiz 10%dkp (1e8'a) - * 1\ g9Z" 10
Ut#H& () - 'k)9Z"109R22& () - 2345<z| "P1@B910%&' ()- 10mm
direction opposite to the uniform magnetization by the
5 presence of the permanent magnets 22a to 22d.
Further, by supplying a pulse-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 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 psec 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 in Example 1, and the construction of the

optical system used was the same as in Example 1.
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The printing of a mask pattern was conducted in the

5 same manner as Example 2 except that the space between
the magnetic disk and the mask was kept to be 0.5 pm
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 pm 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 is previously magnetized

uniformly or that a magnetic pattern once formed ig
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reproducing signal, high S/N and C/N and a small
modulation can effectively be formed even in a medium

5 having a large dynamic coercive force which is usable for
high density recording. Further, a magnetic recording
medium and a magnetic recording device capable of high
density recording can be produced economically in a short

time.
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locally the magnetic layer while a second external

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 in a

state that the mask is in contact with at least a portion
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pulse-like energy beams.

s 8. The method for forming a magnetic pattern according
to Claim 7, wherein the pulse width of the second
external field is 1/2 times 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 9, wherein the magnetic
recording medium is a disk-like magnetic recording
15 medium; the direction of the first and second external
magnetic fields i1s a circumferential or radial direction
of the medium, or is perpendicular to the medium surface,
and the direction of the first external magnetic field is
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 10, 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
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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



& ()- ~310%" & ()-101[!1101[!1101[!1 . "10%A[!1& ()-"1"=|[:uT310 °
Y04 10% 1 & ()-S “"3"10% ' ()-T ~3"10%8q"S& ()-T s9110%"& ()-g
S9! 10%8q" S& ()-g s9!10% Ff & ()-gDvU410 " 10% ()- " 310%"& ()-10g" 109" 10q""

SV L1109 & () -0 L 110981 S& () -1\ Y9109 & ()-Scit][:vUal0
109" & ()-7 17109 & ()- 109" & ()- @109 & ()- ° 109K& ()-
S10%"& ()-tt][:vUa10 T, 100"& ()-0 19%40%"& ()- 1 9%40% & ()-

#1009 & ()- © 10% ! & ()-s " @0%g" & 19=>?G obU410
109 & ()-10q"10q"10q" "VY:10%" & ()- " f810%"& ()-  s6L10%" & ()-
10%" & () - G@drdtitUsERordingl o8& uf).- ~ Y10% & ()- "yZ10% & ()- @

16%’&' ()- ° 109& ()- “:10% & ()-!'~.i|[:bU410 ~ “)109%& ()- "9 F10% & ()-
*Y06 109 & () -19. BHRIm0%el (for TLO%i&d - Magned it %k yern@aciordiago
L4:110%p& ()- "2-10% & ()- " 010% & ()- 910% & ()- "L, MLO% & () -

") 1096 & () - | g4 EOY @wel@Of&C(l)um*sslo@zq 4:8() wheredni ghe msgme%i& ()-

©S8s109% & ()- “L4:110% & () - E vW410 a - 10% f& ()-T s& 10%k ()-

s& 109D D& (pagtteg&l 11@%34 &op)tr@ hngomt&e(fp h@vrtmgtyan&w;nam{zp\ [fPIKlA410

10f q"f10fq"f 10f q"f " Y'10% g"f& ()-t . Y'109%Ng"N& ()-t > " 191098 & ()-T
19 10% sPl &C(O)Il Olélngomr&CerdwaB%rePdeNAwe megnem%ghgad() T
10%!& ()-9g ° 10(@ -9 9110%& ()- D9!'10% & ()- ~310% & ()-]gw [: NA410
10 L. ! 10%& @t “The I od &op) Lormifgogy reoppidc PEltd;@rfo%C&O(fﬁl?g

1 (i/%wé?g@(? ‘ sté@dmaﬁ;/ B ke RO S RE S0BRE G ] L1 PY0be RESER( FOBLPORE. GLt10

F"10% ! ; & % 10% % 109 % &
Islocy@ Q@L ()(S) V& ?S&éeén( Oﬁv&%ro L1L é% ?Oggtliﬁcf’é %B D (12)%@3&5()-

1000 ()1 D T0WE TS LROR R fn%%sifi‘ %s‘ﬁﬁ?f 15t PRt Rl
"Heading,43] ¢y 'ik”e%gzr'&g.n ke sEeadl BgcBa ﬁ "Heading 43]c" "Heading 53]c”
"Headi ng 63]c" "Headi ng gﬁ gl ng 83 "Headi ng 93] c"A "Default

Par agr aph FO@TV\bHéAHgﬁ@odAE%¥<@M&%@E@|%Whhﬁﬁékgg|bgttern according
- v#P) | X493?DI JOBU[ " 4f kJav} | Q " V>TAW Ale’ E- 2=8m=CHi NS Y] 6¢chnsRuz>[ R

"$&(*, . 02468 &> @RHFIBHNBRTY XL fisbdEhibnpet visapra(Ri LR’ HZ&dXxhé#*J_kvRUT
*=1($- %.& | (,/<2>47-93<>A; DOFH KK" M Nf PSUJXZ] 7_bdegi | oj quwz| B
F*} & D9<i j q0xr@cekEdAngRuEA8)0, 12284637yt nd 2602 DAREGHE VEORU3Xbding
A cehj npsBu" y{{xCh: 0! " TV[) t &g\ >gzd<FX WI* $9@! ; #Y$% +COt 258>;
>n@ BFHKMy QSiAijuint @ qudvlf:&gi\fHktn@pé]tsv@cm}DSqd@tDh] Ringle side or
"HSUR ()*+,-./0123456789:
>’>@\BC%FG]:HO}NLW@P@?S‘fUVWY%FGPetlﬁbéééﬁéhFPkPﬁﬁ@ﬂ)é?%t udnly ERel ~  6Ti nes

New RomanAri al Courjer New'h Root Ent ry rgDocurre nt,
"HSUR () *+, sgpg?ﬁgggéﬁggal magnetlc 1d is formed by applying a

<= >? @BCDEFGH, | KEMYORORITUMVRYZL L] 2 BRC ST oL kLiTRoRas sLuyyxyz{l }~

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 is
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
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recording medium is a perpendicular magnetic recording
medium; a conductive coil is disposed at both sides of
the magnetic layer, and the second external magnetic
field is applied by supplying a pulse-like electric
current to the conductive coil.
24. The method for forming a magnetic pattern according
to Claim 11 or 12, wherein the magnetic recording medium
is a disk-like longitudinal magnetic recording medium
having the central opening; a conductive member is passed
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.
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
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.
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
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the below-mentioned (1) and (2):
(1) The magnetic layer, when applied with the second
external magnetic field, maintains a magnetic force in a
predetermined direction in a room temperature range, and
the magnitude of magnetization is at least 0.70 times as
much as the saturated magnetization, and
(2) The heated portion of the magnetic layer, when
applied with the second external magnetic field, is
magnetized in the reverse direction with respect to the
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
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,
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
signal processing means which supplies a recording signal
to the magnetic head and recelves a reproducing signal

from the magnetic head.
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30. The magnetic recording device according to Claim 29,
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.
31. A method for producing a magnetic recording medium
having a magnetic layer, a protective layer and a
lubricant layer formed on a substrate in this order
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
first external magnetic field to magnetize uniformly the
maghetic layer in a predetermined direction, and heating
locally the magnetic layer while applying a second
external magnetic field having a pulse-1ike magnetic
field component to magnetize the heated portion in the
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
recording/reproducing magnetic head.
33. A magnetic recording medium characterized by being

produced by the method described in Claim 31 or 32.
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34. A magnetic recording device characterized by
comprising a magnetic recording medium produced by the
method described in Claim 31 or 32, 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 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
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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.



