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1 PROCESS FOR PRODUCI NG MAGNETI C RECORDI NG MEDI UM AND MAGNETI C GORDkNG\.
AND REPRODUCI NG DEVI CE BACKGROUND OF THE I NVENTION 5 Field of the Thventions
[ 0001] The present invention relates to a process for produci ng nagnetic
recording nedia which is used by HDDs, and a magnetic recorder and
reproduci ng device. Priority is clainedlon Japanese Patent Application No.
2006- 209643, filed August 10 1, 2006, t'he content of which is incorporated

herein by, ! cpRiRGs CRORIIRSHOLING ﬁﬁt}}@@cﬁ@coh%ﬁ@ il kg cover age

of magnetic re such ‘as magnetic Vi ces I'creased

significantly, and increa r kabl e
i nprovenent  of theﬁ%é&%&ﬁmﬁ@&@ﬁm Hﬁﬁgé Eﬁiespect to
magneti c storage nmedia used in these devices. I n particular, since MR head

and PRWML technol ogy have been introduced, a rise of facial recording
density has becone further significant, GVWR head, TMR head have been 20

further introduced recent| BAGKRGRONANIDD & PHEMTEVENIIIOW density continues to
increase at a pace of approximately 100% per year. These magnetic recording

medi a af e pRAVLFGE hRaliflsr €ase recording density further in the future, and
to increase coerclve Porce SN ratio (SNR), and resolving power of a

magneti c rﬁﬁ@ jjl ng layer. 25 In addition, in recent years, an effort of

i ncreasi ng ¢ recordi ng density by 2

The present invention relates to a process for producing magnetic recording media
which is used by HDDs, and a magnetic recorder and repreducing device.
Priority is claimed on Japanese Patent Application No. 2006-209643, filed August

10 1, 2006, the content of which is incorporated herein by reference.

Description of Related Art
[0002]
Recently, coverage of magnetic recorders such as magnetic disk devices, has
15  increased significantly, and as the importance thereof increases, remarkable improvement
of the recording density has been planned with respect to magnetic storage media used in
these devices.
In particular, since MR head and PRML technology have been introduced, a rise of
facial recording density has become further significant, GMR head, TMR head have been
20  further introduced recently, and the facial recording density continues to increase at a
pace of approximately 100% per year.
These magnetic recording media are required to increase recording density further
in the future, and to increase coercive force, SN ratio (SNR), and resolving power of a
magnetic recording layer.

25 In addition, in recent years, an effort of increasing facial recording density by



i ncreasing truck density has been continued, together with increasing of
linear recording density. [0003] 1In the |atest magnetic recorder, truck
density has reached 110 kTPI. However, if 5 truck density increases, then
magneti c recording information between adjacent trucks interferes with each
ot her, and a magnetization transition regi on of the boundary region serves
as a noi se source to cause deterioration“of SNR This directly leads to
deteriorati; i B t and. j Vi :
i ncrease relg%F %.fmr%ﬁ C&Eﬁé?ﬁy@l e[f 0 2‘][&&?’? ggééﬁeﬁzﬁglslggrre gﬁltl%&d@%n%é?egéﬁfuﬁﬁ)t her
the size of , each recording bit on a magnetic recording nmediumso as to
secure sat Lﬂeé{?lfyon magneti zation and nagnetic filmthickness as |large as
possible, in order to increase facial recording density. However, if
recordi ng HOP03ls downsi zed, then the magnetization smallest volune 15 per
bit becones small, and a problemthat recorded data will be |ost by
magnet i zati on Inuhelategt wagnetio recondemt tridkudehsied hasmeach@DOB] kTRIn &fbaketvegif, i f
truck density increases, then the distance between trucks will decrease,
and hence ariRUBRNHYGnéELRE 4Rin Mﬁ@&ti@%ééo?diﬁ% YnfbrnSHtlol bREFIN Alifacddt wekkser vo 20
technol ogy and a net hod of maki ng reproduction head width smaller than
recordi ng he w dth i.s generally used.in order to. repnve influence from an
i acent t et Wittat® o880 BAF maeSERLY kRN foBioh TR B B8 e ween
trucks can be suppressed at the minimum however, it is difficult to
produce sufSeTép et nolshiaecsctoicawseslistaperationnd S c elhindirectlydeadsdo a probl em 25
that it is difficult to secure SNR sufficiently.

deterioration of Bit Error Rate, and hence it serves as an obstacle to increase recording

density.
10 [0004]

It is necessary to downsize further the size of each recording bit on a magnetic
recording medium so as to secure saturation magnetization and magnetic film thickness
as large as possible, in order to increase facial recording density.

However, if recording bit is downsized, then the magnetization smallest volume

15  per bit becomes small, and a problem that recorded data will be lost by magnetization
turning due to a heat fluctuation.
[0005]

In addition, if truck density increases, then the distance between trucks will

decrease, and hence a magnetic recorder uses extremely highly accurate truck-servo

20  technology and a method of making reproduction head width smaller than recording head
width is generally used in order to remove influence from an adjacent truck as large as
possible.
In this approach, influence between trucks can be suppressed at the minimum, however,
it is difficult to produce sufficient reproduction output, and hence there can be a problem

25  thatitis difficult to secure SNR sufficiently.



3 [0006] As an approach to solve the problemof such a heat fluctuation, to
secure SNR or sufficient output, it has been attenpted to increase truck
density by form ng unevenness along a truck on the recordi ng nmedi um surface
so as to separate physically recording 5 trucks fromeach other. Such a
technology will be referred to as discrete truck nmethod, and a recording
medi um whi ch is produced thereby will be'referred to as discrete truck

medi um beI9§p6 [ 0007] As an exanple of a discrete truck medium a magnetic
recordi ng Je |Jn1mhich is 10 produced by formng a nmagnetic recording

medi um onto a npn-magnetic sybstrat havi n n upeven, pattern face so as
to be constitut ?&W”ﬁh)}%?@&?f Pééﬂ%ﬁl éw%%hﬂ’t“itﬂamé‘c@r%FWG%ﬁ%eks and
servo signal patterns is known (for exanple, Patent Docunent 1). The
magnet i ¢ r soBiciing gutpptitthas deeciteswetd tn iRseasa trutlodensin by formisg ungvshnessagnet i ¢
15 layer having plurality of projected portions and recesses on a

non- magnet iaforgaickasnathe adrdiy medinprmefaes iccas! tayefardt® phscalin réddrdiagf t
magnetic layer. In this nagnetic recording medium a perpendicul ar magnetic

recordi gg gﬂgﬁ; J LS physically separated from surroundings in the
pr oj ect gd mal ﬁo?l\galf%?trlrlglcsﬂ. In this magnetic recording nedium it is

e E S e R R, RO e O Rl
and there is no interference between adjacent signals, and hence a high
density maggdeem evhiddcis prdugedribgrelimvibl be mefefrediiorpsidéssretaudieme dpme Belopo008]
In addition, the discrete truck nethod includes a nethod of form ng tucks
after [0007]
As an example of a discrete truck medium, a magnetic recording medium which is
10 produced by forming a magnetic recording medium onto a non-magnetic substrate
having an uneven pattern surface so as to be constituted from physically separated
magnetic recording trucks and servo signal patterns is known (for example, Patent
Document 1).
The magnetic recording medium disclosed in Patent Document 1 has a soft magnetic
15  layer having plurality of projected portions and recesses on a non-magnetic substrate, and
a ferromagnetic layer formed on the soft magnetic layer.
In this magnetic recording medium, a perpendicular magnetic recording domain
which is physically separated from surroundings in the projected domain is formed.
In this magnetic recording medium, it is possible to suppress generation of the magnetic
20  domain wall in the soft magnetic layer, thus the influence of heat fluctuation is hardly
generate, and there is no interference between adjacent signals, and hence a high density
magnetic recording medium having few noise can be formed.
[6008]

In addition, the discrete truck method includes a method of forming tucks after

25  magnetic recording medium consisting of plurality of thin films formed, and a method of



25 magnetic recordi ng medi um consisting of plurality of thin filns forned,
and a nethod of 4 formng thin filns of magnetic recordi ng nedi um
previously and directly onto the substrate surface or after an uneven
pattern is formed onto a thin filmlayer for formng trucks (for exanple,
refer to Patent Docunent 2 and Patent Dogcunent 3). O these, the forner
nmethod is often called a rragneti c |layer Agrocessi ng-type, 5 which has a weak

poi nt that bhginiRth ifhd ot AN &eldlh%ﬁgd, ﬁﬁgl Capfr IyRipFgRs and  the

producti on process Is very |cat beca ceSS|ng to the

surface is for d after the mediumis.fo e oth and, the
Catter is oPPRRCHRGOTATCL AN ésfosmfcgﬁr%%%ﬁlarfﬂwayeg?m e ng

t he production process, however the uneven shape which is forned onto

the subst r dtuskikfpy exemple: sierrte Paieat Decurnent? apd Ralsai Rgcuraenidd, and hence there
was a problemthat floating posture and floating height of the recordi ng and
repr oduci ng heddf thede] thb fearct aretimdrie oficrdiatigd amahghetde Rstencproceswihpdtepe | oat i ng
above the nedium cannot be stabilized. [0009] 15 In addition, a method of

form ngsa deyrei ﬁ‘as%%é’éﬁ%??idﬁ%ﬁ{eirﬁe&iﬁxﬁ%&sﬂ% 86 16te& & @k groéuﬁﬁ'&i( r'i’i@égs'dﬁa by

i npl ant i ng ni trogen ions or oxygen ions into the magn tic layer previous

formed or I’agl at i ng.a laser t ertﬁrgp een O.SG? @8 t.0 Patent
Docunent 4) pagigen PSR é%‘WeCPmPPéS? RS S AL RETTRE 1 %f‘ﬁatter n
by ion irradi atlon t hrough . etching or converting a magnetic |layer into
anor phous iB§ pﬁ@e%ﬁsati@tm%hmms formed.cal | ed patterned media in which the
magnetic recording pattern is arranged per bit with a specific regularity
has been di scl d3mthe(thef band;, theNatterpaioften callod amembossimgigpRathactt is hardly

polluted during the production process, however the uneven shape which is formed onto

10 the substrate will be transferred to film upon being formed, and hence there was a
problem that floating posture and floating height of the recording and reproducing head
which performs recording and reproducing while floating above the medium cannot be
stabilized.

[0009]

15 In addition, a method of forming a domain between magnetic trucks of a discrete
truck medium by implanting nitrogen ions or oxygen ions into the magnetic layer
previous formed or by irradiating a laser thereon has been disclosed (refer to Patent
Document 4).

[0010]

20 Moreover, formation of a magnetic recording pattern by ion irradiation through
etching or converting a magnetic layer into amorphous in the production of a so-called
patterned media in which the magnetic recording pattern is arranged per bit with a
specific regularity has been disclosed (refer to Non-patent Document 1 and Patent
Document 5)

25  [0011]



Docunment 5) 25 [0011] 5 1In such discrete truck nedia or patterned nedia, a
nmet hod whi ch includes formng a magnetic | ayer on a substrate, and
thereafter applying a resist to the surface, patterning the resultant
resi st using photolithography technol ogy, and patterning the magnetic |ayer
using the resist pattern has been adopted. 5 [0012] A spin coat nethod has
been suggested as a nethod for applying liquid miterial to magnetic

recordi ng disk s P : t 1]
Japanese Unex ar%nn %‘?é %gégtgﬁrlug}f) Bi%lﬁ%a rl%t%ﬁ%%(sépﬁg’?u %’Ielél)ggt%hg%; ﬁg&d%%m% 92
10 [ Pat ent Document9 2 Jagg)nese Unexam ned Patent Applicatipon, First

Publ i cat i oft TBICWOBYE PG psirt er ABPIYINg 2 T§SiHAR e UtARS RATTTREEPat ent
Application, First Publication No. 2004-178794 [ Patent Docunent 4] 15
Japanese Utheassiliagtrepiat waing phopolithegraphy, tetinobgy Fand| atemingr thivoagBetRUBRS 7

[ Patent Docunent 5] U.S. Patent No. 6,331,364 [Patent Docunment 6] Japanese

Unexam ned yFap &Y refipiiattent hadeerFidoptedPubl i cat i on No. 2004- 306032 20
[ Non- pat ent Docunent 1] SH NGAKU- G HOU, The Institute of El ectronics,

| nf or rragi og%(ggﬁi Communi cation Engineers, |EICE Technical Report
MR2005- 55( -02), page 21 - page 26

A spin coat method has been suggested as a method for applying a liquid material
to magnetic recording disks (for example, see Patent Document 6).
[Patent Document 1]
Japanese Unexamined Patent Application, First Publication No. 2004-164692
10 [Patent Document 2]
Japanese Unexamined Patent Application, First Publication No. 2004-178793
[Patent Document 3]
Japanese Unexamined Patent Application, First Publication No. 2004-178794
[Patent Document 4]
15  Japanese Unexamined Patent Application, First Publication No. 5-205257
[Patent Document 5]
U.S. Patent No. 6,331,364
[Patent Document 6]
Japanese Unexamined Patent Application, First Publication No. 2004-306032
20  [Non-patent Document 1]
SHINGAKU-GIHOU, The Institute of Electronics, Information and Communication
Engineers, IEICE Technical Report MR2005-55(2006-02), page 21 - page 26
[0013]
However, in the case in which a liquid material is applied to a magnetic recording

25  disk using the coating method disclosed in Patent Document 6, it has been a problem that



[0013] However, in the case in which a liquid material is applied to a
magnetic recording 25 disk using the coating nethod disclosed in Patent
Docunent 6, it has been a problemthat 6 <coating irregularity easily
occurs. Since coating irregularity has a bad influence on the |ater process,
it becones a factor to deteriorate yie“g. [0014] 5 It is an object of the
present invention to provide a process for producing a magnetic recording

medi um whi ghairaNReussvi-adlwoddggd for production of a discrete truck medium
or a patter naegglrﬂrled?’t‘ﬁnmyanﬂ }\y/\%i ch can increase significantly yield

productivity. .n_addi.tion, 4t i.s anoth obj ec f. the present invention to
b ovi de. & mugnatiee alits et SRR HlueRE FEbe deeteibedty oMHemBe o
recordi ng medi um produced by the process 10 for producing a magnetic

recordi ng AEEPUAUBIETIPRE Yelsent i nvention. SUMMARY OF THE | NVENTI ON [ 0015]
In order to solve the problens, inventors of the present invention have

t hor oughl y [013]researched, and as a result, they have found that in the case
in which a substrate having an opening part at the center is imersed in a

resi st sol uti ont gnd obRtRéAAe pRs@R it@nBRPloYproVi8s h prock M’P?x‘oﬁu@iﬁg%ur face of
the substrate, coating irregularity easily occurs even if the “substrate is

rotated, b | St | | i f 1 ing is
nardly scartabaf fdREsh buni B RRBTL R SERVBIRIN T s el Rk
ot her words, the present jnvention provides the follow ng. inventigns. (1) A
process foMm§iBHAL? H@W%ﬁgwcar}de‘eﬁlﬁ@ FafyinFReaTE e Heantlyl ivirdd PEPdvEHEE i ¢
| ayer

Y In addition, it is another object of the present invention to provide a magnetic recorder

and reproducing device having a magnetic recording medium produced by the process

10  for producing a magnetic recording medium of the present invention.

SUMMARY OF THE INVENTION
[0015]
In order to solve the problems, inventors of the present invention have thoroughly
15  researched, and as a result, they have found that in the case in which a substrate having
an opening part at the center is immersed in a resist solution and rotated so as to apply
resist to whole of surface of the substrate, coating irregularity easily occurs even if the
substrate is rotated, because the resist solution applied to periphery of the opening is
hardly scattered, thereby completing the present invention.
20 [0016]
In other words, the present invention provides the following inventions.
(1) A process for producing a magnetic recording medium including: a magnetic layer
forming step of forming a magnetic layer which serves as a magnetic recording pattern
onto a disc-like non-magnetic substrate having an opening part at the center, a troidal

25  data recording domain, an inner circular domain located between the data recording



formng step of formng a magnetic |ayer which serves as a nagnetic
recording pattern onto a disc-like non-magnetic substrate having an opening
part at the center, a troidal 25 data recording domain, an inner circular
domai n | ocated between the data recording 7 donmain and the opening part, a
resist layer formng step of formng a rfsist | ayer on the non-magnetic
substrate on which the magnetic layer is forned, and a pattern formng step

of form ng iR i W ; di'm!ih"‘g. LS : i whi ch
t he resi st dbfhgi/er P@ér%llger% steﬁbg%rlf%?%yrsegg an |§rew%e(§ﬁs}i€%%lﬁ tazr%m%?%?%gglrtﬁsbi ng a
part of the non- netic 5 substrate in the resist solution sq that at |east
Phe peri pnerl ieRRAS s f Vil B Belghed Bt lepbed Soite wleotBee ace. o
the resist solution and a part of the data recording domain is arranged
under the Bieg@f&revng te amagnetigecordingnatisn usingdhe rt‘éﬁglaaerstrewh@h theaiepisly out
step of taking the non-magnetic substrate out fromthe resist solution,

whi | e r ot afldyegfdriméng stemeormgizes aic irsmbisingatep dfimmressng 4 part bfthe @snshagneliat i on
around a rotation axis extending 10 in the direction of the thickness of the

non- magpet isghstrdRsh et i@sibtboRHDRA sb Mat GERAR theOferiPRery PSR d}RnR@Part i dorankd@
process for producing a magnetic recording nediumas set forth in (1), in

whi ch the'gqgﬁ s i ] rSi t e - pagneti c
substrate |alr31 t ééh{.f‘%% ii{sut%)cse Ocﬁ‘ltj?% %%I?PSO |tlloélr£g§ta§)taﬁ %)Sﬁ%eﬁag'ianrgg&d} deot%igl)d(?:n ggjbst rate
around the rotation axis. .15 [0017]. (3). The process for_producing a_magnetic
recordi ng AEEREHHUA erb N entiose qfthe wpist spfutionpand ghitemof NESUBEFRRT of t he
non- magneti c substrate around the rotation axis is perforned continuously
after the takmgthgnen-nmgsetirsiubatrae pst firerk e resist sohuwsions While edatiig thol uti on. (4)
The process for producing a nmagnetic recording nmediumas set forth in ( 3),

in which 26nhhenéd subbtede Rhmeied Bfhe FREN S8lLGoPaAtBaRd AfRatRmkie:dARlingt at i on
axis after the non-magnetic substrate is taken out fromthe resist solution

i's perf@r madyRldiReddd FthOMidAts M n-mBGRtic substrate through the center of an

opening patt.
(2) The process for producing a magnetic recording medium as set forth in (1), in which
the immersing step is a step of immersing a part of the non-magnetic substrate in the
resist solution, while rotating the non-magnetic substrate around the rotation axis.

15 [0017]
(3) The process for producing a magnetic recording medium as set forth in (1) or (2), in
which the rotation of the non-magnetic substrate around the rotation axis is performed
continuvously after the non-magnetic substrate is taken out from the resist solution.
(4) The process for producing a magnetic recording medium as set forth in ( 3), in which

20  the rotation of the non-magnetic substrate around the rotation axis after the non-magnetic
substrate is taken out from the resist solution is performed at a rotation rate higher than
that of during the non-magnetic substrate is immersed in the resist solution.
(5) The process for producing a magnetic recording medium as set forth in (3) or (4), in
which the rotation of the non-magnetic substrate during the non-magnetic substrate is

25  immersed in the resist solution is performed at a rotation rate ranging from 350 to 500 r



that of during the non-magnetic substrate is imersed in the resist
solution. (5) The process for producing a magnetic recordi ng nedi um as set
forth in (3) or (4), in which the rotation of the non-magnetic substrate
during the non-magnetic substrate is 25 imersed in the resist solution is
performed at a rotation rate ranging fr2?1350 to 500 r 8 pm and the
rotation of the non-magnetic substrate ter the non-magnetic substrate is

taken out fro j . rangi ng
from 5000 F5° BpUE DERMTHERT kb Bilpbst QRLHEL IRE B o hLAHICAILGRLET SNT, 1O
recordi ng dium as set fort in an one of 1 the

ons mgnot TR aBLETaE 1St ORISR A t}%@%ﬂ%ﬂ%ﬁ‘%ﬁﬂ%ﬁm and the
di stance between the data recording donmain and the opening part in the
direction &00@mm.di aneter of the non-nagnetic substrate ranges from2 mmto
3 mm (7) The process for producing a nmagnetic recording nmediumas set forth

in any one[0f18(1) 10 to (6), in which the resist layer formng step is a
step of arranging a plurality of non- magnetic substrates in the direction

f th h
gr odugl ?\gl d§gnet |r(2€er3§e{;bgpgﬂﬂgﬂ%%3ﬂ£n9%§%§§dq (gg?l%rtﬁ Qﬁﬁgﬁf&f(l)
plurality

Pher chet wedh(l1 %@a@%‘n‘égﬁr‘faﬁt“atﬁftfa?aﬁ@scaoﬁ“ St E‘F’eﬁlg" hde g i ce,

conprising: a magnet_l c recordi medi um_ a drivi ng part which drives the
magnet i ¢ r &EBraAAAGe Hslgneerhetye dtp svoording Bemainapd the apgning paeldnds ¢ head

havi ng a recording part and a reproducing part, a neans for noving the
magnet i ¢ hdaectioal e thevdiatetet bitheragmataigneticcsmbstetite cangediromm? mmdod mecor di ng 20
and reproduci ng signal treating neans for inputting a signal into the

magnet i ¢ hepdrigiflocess for producing a magnetic recording medium as set forth in any one of (1)

10 to (6), in which the resist layer forming step is a step of arranging a plurality of
non-magnetic substrates in the direction of the thickness of the non-magnetic substrate.
{8) The process for producing magnetic recording medium as set forth in (7), in which
the plurality of non-magnetic substrates has a distance of not less than 12 mm
therebetween.

15 {0019]
(9) A magnetic recorder and reproducing device, comprising: a magnetic recording
medium, a driving part which drives the magnetic recording medium in the direction of
recording, a magnetic head having a recording part and a reproducing part, a means for
moving the magnetic head relative to the magnetic recording medium, and a recording

20  and reproducing signal treating means for inputting a signal into the magnetic head and
reproducing an output signal from the magnetic head, in which the magnetic recording
medium is one produced by the process for producing a magnetic recording medium as

set forth in any one of (1) to (8).

25 EFFECT OF THE INVENTION



reproduci ng an out put signal fromthe nmagnetic head, in which the nagnetic
recording nediumis one produced by the process for producing a nmagnetic
recording mediumas set forth in any one of (1) to (8). 25 EFFECT OF THE
| NVENTION 9 [0020] In accordance with the process for produci ng a nmagnet
recordi ng nmedium of the present inventi%on, the resist layer formng step
has an imersing step of imersing a par of the non-nmagnetic substrate in
t he resi st é@jﬁﬁ'ti on so that at |east the periphery of the 5 opening part is
arranged algove the liquid surface of the resist solution and a part of the

data recording . domaipn is arranged under the liquid surface of. the resist
sol ution, and 4" 3CSOEfmes Witélg? 0BTt ?(frtpéo‘i’d‘iﬁl et gece ng lémoflﬁtf‘?rom t he

resist solution, while rotating the non-magnetic substrate imrersed in the
resi st sol prasent iavestionl the resistieyerrforaring stephagamimmensingtskep dfiimasriiega partt he
t hi ckness of the non-magnetic substrate through the 10 center of the opening

part. And beétdraoaardgnegc subkege ithetrysiasidtiyn QCthul & 1@dtthetpetipheppsbinbl € to
forma magnetic recording pattern with high accuracy by using the resultant

resist sla - f i r ; ; oo a
resi st s ! AUBknnd A RaAhfcd dRoRE FRTHANEGrES br hbResR QGRS &l PILHGE N0

esent 1 nvention, a nmagnetic recording
medi um whi gh,_can provi de high recording.and reproduci ng char.acter, stics
such as o drecrarEng fobknde drmeed ERACT BT i G st 8T HEF T e B R e b auced a
a high yield. p&oo_zl] Moreover, the recorder and reproducing device of the
present i nvenof tkingouethginepanagngtie pihskiate oy fremithe resisbsaduting, bbe wetiprdduced
by the process for producing a nagnetic recording nmediumof the present
i nvent i on, tlentbnhrangetit substrhte ideeesad inthieeksistaolupibe wictad a@otatighaxiecor di ng and
reproduci ng characteristics.
extending in the direction of the thickness of the non-magnetic substrate through the
10 center of the opening part. And hence coating irregularity hardly occurs and it is possible
to form a magnetic recording pattern with high accuracy by using the resultant resist
layer. Therefore, in accordance with the process for producing a magnetic recording
medium of the present invention, a magnetic recording medium which can provide high
recording and reproducing characteristics such as a discrete truck medium or a patterned
15 medium can be produced at a high yield.
[0021]}
Moreover, the recorder and reproducing device of the present invention is equipped
with the magnetic recording medium produced by the process for producing a magnetic

recording medium of the present invention, and hence it will be one which can provide

20  high recording and reproducing characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]
FIG. 1 is a sectional view that shows an example of magnetic recording medium

25  produced by the process for producing of the present invention.



BRI EF DESCRI PTION OF THE DRAWNGS [0022] FIG | is a sectional viewthat
shows an exanpl e of magnetic recording nmedium 25 produced by the process
for producing of the present invention. 10 FIG 2 is a plane viewthat
shows an exanple of a non-magnetic substrate 31 used for nagnetic recording
media shown in FIG1l. FIG3Ais a figurﬁ for explaining an exanple of an
imersing step of a resist layer form 8 step. 5 FIG 3B is a figure for

expl ai ni ng pjf £xamhe ﬁéw%@tgﬁw ié}gmﬁfee&}% @%xﬁﬁ%@ﬁ%?ﬁtgh@%g_ﬂ %sEc‘.?%P ng step.

FIG 4 is a schematic view for explainihg an et1c recording
and reproducing device of ..the present,invention. 10 DETAI LED DESCRI PTI ON OF
THE | NVENTPEICTQisingnedie 5 @ﬁﬁ@ﬂknent" An expl anation will be given

w th respect to enbodiments of the present invention below, while referring
t o dr awi ngSIGHWs\aligure fs explgppingodn qxlamphr Wsaimmersiag step af & gesirdlayens |imited
to the follow ng enbodinents. FIG 1 is a sectional view which shows an
exanpl e of faniagsepi c recording mnmedi um produced by the process for
produci ng of the present invention typically. In this enbodinent, an

expl anasi oy I8 isherdiry &b exphiriid dd\kahPlCoMMARRidrsing SEH ¥ I\Qsistlagium of a
di screte truck-tl)?pel%%‘r %ieé recgror di ng%trucks aré Ir}r%gng%&cal ISI;S/ 2
di sconti nu usl.é%%éanged. A magnetic recordi ng nmedium 30 showmn in FIG 1 is

read and writ ing a

FIG. 4 is a schematic view for explaining an example of a magnetic recording and

reproducing device of the present invention.

10 DETAILED DESCRIPTION OF THE INVENTION
[0023]
"The first embodiment"

An explanation will be given with respect to embodiments of the present invention

below, while referring to drawings. However, the scope of the present invention is not
15  limited to the following embodiments.

FIG. 1 is a sectional view which shows an example of a magnetic recording
medium produced by the process for producing of the present invention typically.

In this embodiment, an explanation will be given, referring to a magnetic recording
medium of a discrete truck-type of which recording trucks are magnetically
20  discontinuously arranged.

A magnetic recording medium 30 shown in FIG. 1 is read and written using a
magnetic head. The magnetic recording medium 30 is constituted from a non-magnetic
substrate 31, a soft-magnetic layer 32a, an intermediate layer 32b, a magnetic recording
layer 33a consisting of a magnetic recording pattern 33 made of a magnetic layer and a

25 non-magnetized layer 34 arranged alternately, a protective film layer 35, and a



magneti c head. The magnetic recording nmedium 30 is constituted froma
non-magnetic substrate 31, a soft-magnetic |ayer 32a, an internedi ate | ayer
32b, a magnetic recording |ayer 33a consisting of a magnetic recording
pattern 33 nmade of a magnetic |layer and a 25 non-nmagnetized | ayer 34
arranged alternately, a protective film/layer 35, and a 11 |[lubrication

| ayer 36 forned successively onto the sdtface of the non- magnetic substrate

ol e, 1 Mgl BRRS e EEl S r iR e D ReBRREGL SRR ' 7 &

pl ane view_that shows an exanple of the non-magnetic substrate 31 used in

t he nagnetﬁé-recording medi um shown in FIG 1. The non-magnetic substrate 31
shown in FIG 2 is a disc-like one having a circular opening part 37
perforated[@24 he center thereof, and as shown in FIG 2, the non-nagnetic

10 substrate 31 has a data recording domain 4 having a shape like a ring

which is a conggnhé hén-faghdtR sbstidie3 DRRAIRhiP@hbodirient forieRiapleCthecul ar
dormain 3 | ocated between the data recording donain 4 and the opening part

37, a”dza” rrllgH-tgﬁr Gid %BLt?a&%gf lwh i FIECRiGled DEHEEST 4 ﬁlﬁgéj@i%% tEéj%BBQE a9

domai n a eriphery e 1 nner circul ar donal I'S a donmal n which

i s used when the netic 15 recordin diumis attached to a spindle of a
ot or - Tho CORTRE oL GO RSG5 3 Ao HOmRAISI FEOTIng A Ra8 ST whi ch
it is inpossible toread and wite using a magnetic head, for exanple, a
certai n domFKx lhavi ng a di stance between the periphery 38 and the data
recording domain 4 in the direction of the dianeter of the non-nmagnetic

ﬁ Ub?i trate 31 wihehohSnagapicostubsmiteRY sHdven Bf FIG2D ist hdisoMiklé bneofiavirpea ciagikat i C
ead.

opening part 37 perforated at the center thereof, and as shown in FIG.2, the non-magnetic
10 substrate 31 has a data recording domain 4 having a shape like a ring which is a
concentric circle of the opening part 37, an inner circular domain 3 located between the
data recording domain 4 and the opening part 37, and an outer circular domain 2 located
between the data recording domain 4 and a periphery 38.
The inner circular domain 3 is a domain which is used when the magnetic
15  recording medium is attached to a spindle of a motor.

The outer circular domain 2 is a certain domain in the case in which it is
impossible to read and write using a magnetic head, for example, a certain domain
having a distance between the periphery 38 and the data recording domain 4 in the
direction of the diameter of the non-magnetic substrate 31 which is approximately 1./2 of

20  the width of the magnetic head.
[0025]

In this embodiment, for example, a non-magnetic substrate having a diameter
ranging from 15 mm to 100 mm, and a distance between the data recording domain 4 and
the opening part 37 in the direction of the diameter of the non-magnetic substrate 31

25  (width of the inner circular domain 3) ranging from 2 mm to 3 mm is preferably used.



[0025] In this enbodi nent, for exanple, a non-nmagnetic substrate having a
dianeter ranging from1l5 nmto 100 mm and a di stance between the data
recording domain 4 and the opening part 37 in the direction of the dianeter
of the non-magnetic substrate 31 25 (width of the inner circular donmain 3)
ranging from2 mmto 3 nmis preferably]%;ed. 12 As a material for the

non- magnetic substrate 31, an arbitrary terial of a non-magnetic material,

O] poxam! & Al nfld Y iR WA A ERLARSURILS | TR Abkead] pfiferiaPED 25 A~ N

al I oys, ordinal ss, arumnosilicate-type glass, crystallized
glass, silicon, titanjum .ceramcs, various resin can.he d. In
Phese, i+ monpamngts AR 16 HEBRE i AL bR bTSisERE BBindh oRAT by
substrate or crystallized glass or a silicon_ substrate. In addition,

aver age suriddevg @lé@ﬁn@@glagwdtﬁﬂén%lﬁssﬁa@mqsclwgtwym glags, srysiadlizeggddsar abl y

not nore than 1 nm nore preferably not nore than 0.5 nm and the nost

pref erabl y sitafonntitesiuin) egrafdick, amh vatioud R6idGkn ba usdil. s IetHesdiinie picferablehoof FeCoB
| ayer as a soft magnetic |layer 32a and Ru layer as an internediate |ayer is
formed ent Qust BelSEIRERe Shotl RANNAMIBRIARKLE o URSIaNIRE ghils or d GiRAL 11
addition, in this enbodi nent, although the magretic I’gCOI’dI ng | ayer 33a may
be 15 eitheB an i n-pl ane magnetic recording |layer, or a vertical nmagnetic
recordi ng ISHYEIC

. preferably the magnetic layer 33 a is a vertical nagnetic
recording layer., sQ as to attain higher recording density. It _should be
noted that it il8agdiiparaysrage syiacsronghnessor theprarmagnetie sehsglgdll iSyers from an
all oy which consists mainly of Co. [0028]

preferably not more than 1 nm, more preferably not more than 0.5 nm, and the most

preferably not more than 0.1 nm.

10 [0026]

In this embodiment, each of FeCoB layer as a soft magnetic layer 32a and Ru layer
as an intermediate layer is formed onto the surface of the non-magnetic substrate 31.
[0027]

In addition, in this embodiment, although the magnetic recording layer 33a may be

15  either an in-plane magnetic recording layer, or a vertical magnetic recording layer,
preferably the magnetic layer 33a is a vertical magnetic recording layer so as to attain
higher recording density. It should be noted that it is preferable to form these magnetic
recording layers from an alloy which consists mainly of Co.

[0028]

20 As a magnetic-recording layer for use in an in-plane magnetic recording medium,
for example, a laminate structure consisting of a non-magnetic CrMo ground layer and a
ferromagnetic CoCrPtTa magnetic layer can be used.

[0029]
In addition, as a magnetic recording layer for use in a vertical magnetic recording

25  medium, for example, those produced by laminating a backing layer consisting of an



20 As a magnetic-recording |layer for use in an in-plane magnetic recording
medium for exanple, a |amnate structure consisting of a non-nmagnetic Cr M
ground | ayer and a ferronmagnetic CoCrPtTa magnetic |ayer can be used.

[0029] In addition, as a nmagnetic recording |layer for use in a vertical
magnetic recording 25 nedium for exan?ge, t hose produced by | am nating a
backi ng | ayer consisting of an 13 FeCo alloy such as FeCoB, FeCoSi B,

recozr. FeRREL Boy SRSt Plllon Sicko iﬁw&@?ﬁge@é}g@, FoD ey fed al rhgTac

etc.,and a oy such as r, etc.; an ofrirentation

control filmsuch a Ni Cr, N Fe etc.; .i e n

i nt er nedi a?@g’y ?WCF & Eﬁﬁ[u\!afgq‘% Cteypd 2 (g’r?gog S%%@?M’a@gﬂkﬁs indmof
60Co- 15Cr-1 5Pt ‘alloy or 5 70Co-5Cr-15Pt-1 OSi Q2 all oy can be utilized.
[0030] Theonewjaiean enirakidlnysuel as By &id, Baar, Makelrectt o Hineecssay 48 intormgdigiere a
sufficient head output and input, corresponding to the kind and | ayered

structure dimautipgial, er.;aht aymdgpetibRyeis@asistliy 0o Ess- 18Pt hikey sragnet i ¢
recording layer 33a is preferably not less than 3 nmand not nore than 20

nm nore pﬁ@é@-@@g-llgPtUFUSib%ﬁo J?aﬁrbe%tiﬂ% and not nore than 15nm The magnetic
recording layer 33a necessitdtes a thickness of not |less than a certain

L\E\e/ﬁl r ien Equ%il t oonacquihr e aR ou';]pu'sj 01;) not |ess than a predeter 31 ned val ue
recordi ﬁgjoandl r gior oduci[ ng ?5 gLar th ér i gf?g:euzgg}al Sagggg iei)falt _2 ;(s:az)lu?gut
i ncreases, it ilge pugadiicaegordmgdater P32 may he fumed$o agfo aqquirpragwiicient heador di ng
| ayer 33a to be optimum [0031] |In addition, in order to increase recording
density, asutphomud inputfdo@esgondinpeto itegined and layered structure of a magnetic alloy to
be used.
10 Thickness of the magnetic recording layer 33a is preferably not less than 3 nm and
not more than 20 nm, more preferably not less than 5 nm and not more than 15nm. The
magnetic recording layer 33a necessitates a thickness of not less than a certain level in
order to acquire an output of not less than a predetermined value when reproducing. On
the other hand, because some parameters indicating recording and reproducing
15 - characteristics usually deteriorate as output increases, it is necessary to set film thickness
of the magnetic recording layer 33a to be optimum.
[0031]
In addition, in order to increase recording density, as shown in F1G.1, the magnetic
part width W of the magnetic recording pattern 33 is preferably not more than 200 nm,
20  and the non-magnetic part width L of the non-magnetized layer 34 is preferably not more
than 100 nm. The truck pitch P (= W + L) is preferably not more than 300 nm, and is
preferable to be as small as possible in order to increase recording density.
[0032]

In addition, as protective film 35, materials ordinarily used as a material of

25  protective films, e.g. carbonaceous layer such as carbon (C), hydrogenated carbon (HxC),



part width Wof the nmagnetic recording pattern 33 is preferably not nore
than 200 nm 20 and the non-magnetic part width L of the non-nmagnetized

| ayer 34 is preferably not nore than 100 nm The truck pitch P (= W L) is
preferably not nore than 300 nm and is preferable to be as snmall as
possible in order to increase recording gensity. [0032] In addition, as
protective film35, materials ordinaril§ used as a material of 25 protective

films, e.g g 1€ . . r t cafrfon
(15, 14 el BRRATEENT cniions LaiboRifith aibidcbicy, WET BESIR, P05 D).
etc., or Si02 r203, TiN,..etc, canbe used,_ln addition,. th rotective
film 35 na?tﬁeda(?i%fel’r’é?d'a Tojafiditign, the protesyive gﬁﬂé? M cf"}’?roefﬁ‘fl%?@l%r%r e |layers.
[0033] 5 The thickness of the protective film35 is preferably less than 10
nm |f thiexpstbsed iemprooesre/keysrsi m 35 is nore than 10 nm then when a
magneti c recorder and reproducing device is produced using such a magnetic

recordi ng [@33pm the distance between the magnetic head and the nmagnetic
recording pattern 33 will be large, and sufficiently intensity of output

and inpyt si gnghe PRYkIRY oMBe Bt NEHIm %9is{;991%ﬁb1f§s§tﬁhﬁ'% hi2ntr ge8dedor the

lubrication layer 36, a fluorine type [ubricant ~hydrocarbon type
| ayer 36 i & GaBRITS AR HETGR ti i e Spdiy e GRS 4 T E ol o
be noted that, , onto the protective film35, the lubrication layer 36 is
pr ef er abl yd¢'éeanis grodugedensing such e magneipiererdinggnedivpethe digjanss betyecen dhered.
[ 0035] Next, an explanation will be given below, with respect to an exanple
of the magnetic head and the magnetic recording pattern 33 will be large, and sufficiently
intensity of output and input signal may not be obtained.

10 [0034]

As a lubricant used for the lubrication layer 36, a fluorine type lubricant, a
hydrocarbon type lubricant and mixtures thereof are exemplary. The distance Lubrication
layer 36 is usually formed at a thickness ranging from 1 to 4 nm. [t should be noted that,
onto the protective film 35, the lubrication layer 36 is preferably formed, however, the

15  lubrication layer may not be formed.
[0035]

Next, an explanation will be given below, with respect to an example of the
process for producing a magnetic recording medium shown in FIG.1.

In the production of the magnetic recording medium shown in FIG. 1, at first, onto

20  the data recording domain 4 of the non-magnetic substrate 31 shown in FIG. 2, magnetic
layers each of which will serve as a soft magnetic layer 32a, an intermediate layer 32b,
and a magnetic recording layer 33a are formed sequentially, using a sputtering method
(magnetic layer forming step).

Subsequently, the protective film 35 is formed on the surface of the magnetic layer

25  which will serve as the magnetic recording layer 33a, using a sputtering method or CVD



process for producing a magnetic recordi ng nmediumshown in FIG 1. In the
production of the magnetic recordi ng nediumshown in FIG 1, at first, onto
20 the data recording domain 4 of the non-nagnetic substrate 31 shown in FIG
2, magnetic |ayers each of which will serve as a soft magnetic |ayer 32a,
an internediate layer 32b, and a nagneﬁ%c recording |layer 33a are forned
sequentially, using a sputtering nethod - (magnetic |ayer form ng step).
Subsequent | yupdsne protective film35 is formed on the surface of the
magnetic layer 25 which will serve as the nmmgnetic recording |ayer 33a,
using a spﬁwb iing met hod or CVvD 15 nethod. [0036] Thereafter, as shown
bel ow, the 3 etic layer which will serve as the magnetic recording |ayer
33a is nade to be the magnetic recording pattern 33 and non-magneti zed 5

| ayer 34 which Ta‘wﬁ@afmrgm%iom hejow, sl magngtie layier whidh williserve ag ghengagnetic

phot ol i t hography technology. At first, a resist layer is formed on the
surface of rédoeding Riye&cIJavenatlt 0 Bbhé kRghaic reeotting pfatedil 33¢ind heAImagnbtitdde
resist layer formng step, at first, a non-magnetic substrate 31 is

installed 1R8e34 $RichAR A ARRBF RbHRd Wt BadhDthgW itk i ndl e part
which is ro@gt ed fa dfrniglllng ?%pparat us. In tﬁg’ul:lns alo}ﬁ? ng ?%Iﬁﬁ}cki ng) of
t he non- magng%ilc substrate 31 to the spindle part, as shown in FK z3A,

t hree piec EUBFO 1 od- 1 i ke member which constitute a chuck 41 of the

spi ndl e part arefpenetrat ed through the opening part 37 of the non-magnetic
substrate 31, ¥8 fuside fasist laerds formed o8 th surfase pbihe pratectivs ey 3 Sfresig kayshded
fromthe center outwardly, thereby making the three pieces of the rod-Iike

menber suppanting ftep)i nsi de end of the
In the resist layer forming step, at first, a non-magnetic substrate 31 is installed to a
10  coating apparatus which is equipped with a spindle part which is rotated by a driving
apparatus.

In the installing (chucking) of the non-magnetic substrate 31 to the spindle part, as
shown in FIG.3A, three pieces of a rod-like member which constitute a chuck 41 of the
spindle part are penetrated through the opening part 37 of the non-magnetic substrate 31,

15  and the three pieces of the rod-like member are extended from the center outwardly,
thereby making the three pieces of the rod-like member support the inside end of the
opening 37 of the non-magnetic substrate 31 to fix the non-magnetic substrate 31.
Subsequently, as shown in FIG 3A, a part of the non-magnetic substrate 31 is
immersed in a resist solution 11, such that an inner circular domain 3 of the non-magnetic
20  substrate 31 is arranged above the liguid surface 11a of the resist solution 11, and a part
of the data recording domain 4 of the non-magnetic substrate 31 is arranged under the
liquid surface 11a of the resist solution 11(immersing step).
{0037]
The resist solution 11 is not limited particularly, however, for example, a solution

25  which consists of an organic application glass {SOG) and has a viscosity ranging from



opening 37 of the non-magnetic substrate 31 to fix the non-magnetic
substrate 31. Subsequently, as shown in FIG 3A, a part of the non-nmagnetic
substrate 31 is immersed in a resist solution 11, such that an inner
circular domain 3 of the non-magnetic 20 substrate 31 is arranged above the
liquid surface 11 a of the resist solutigon 11, and a part of the data
recordi ng donmain 4 of the non-nagnetic égbstrate 31 is arranged under the

| i quid surface, .l t resi ste.selution 11 (imersing step). [0037] The
resi st sol B)ﬁic nto]11?aqufprfgpfplafsﬁg[perafeﬁaalll?‘i cularly, however, for exanple, a
solution 25 which consists of an organic application glass (SO5 and has a
Vi scosity [%&ﬂ ng from16 0.1 cPto 10 cP(1P=0.1Pa.s) is preferable. [0038]
Preferably, the imersion of the non-nagnetic substrate 31 into the resist
solution 11 i $rgferably thedmmwhdidreof the avn-mpghéte snbstratmhmte thegedstspktion31
around the rotation axis 5 37a extending in the direction of thickness of

t he non- magnef pesfottBis twitledofiling HetidatmidiRtic S@RErek 30fardun@ tRPOMtdEG aRay t 37 of
t he non-nmagnetic substrate 3 1. Rotation of the non-magnetic substrate 31

oo ot 1o, S bO ol el e Bk RRL o RafalhaR RS ChroBELTY,

substrate 31 . is rotated after t non- magnetj c supstrate, 31 is imersed in
the resi st CBFLAtER CPETIme B T quﬁ%n%@émqﬁw{}st&a " Hatiogtdie sol ution 11
may be scattered by an inpact generated when the rotation of the

non- magnet nen-sugsetrcaubstgate B b isqresfornoel] by ridatingraeipindle part ¢fen drivieg devieeced ar
domain 3 of the non-magnetic substrate 31. 15 In addition, in the beginning
of rotati ngodting apparatii®gneti ¢ substrate 31, the nunber

[0039]

10 For example, in the case in which the non-magnetic substrate 31 is rotated after the
non-magnetic substrate 31 is immersed in the resist solution 11, there is a possibility that
the resist solution 11 may be scattered by an impact generated when the rotation of the
non-magnetic substrate 31 is started, and adhered to the inner circular domain 3 of the
non-magnetic substrate 31.

15 In addition, in the beginning of rotating the non-magnetic substrate 31, the number
of revolution is low and centrifugal force is small, thereby the resist solution 11 applied
to the non-magnetic substrate 31 may drip downwardly due to gravity, and hence there is
a possibility that the resist solution 11 may be adhered to the inner circular domain 3 of
the non-magnetic substrate 31.

20 In respond to this, it is possible to prevent the resist solution 11 from adhering to
the inner circular domain 3 of the non-magnetic substrate 31, by immersing the
non-magnetic substrate 31 into the resist solution 11, while rotating the non-magnetic
substrate 31.

[0040]

25 Thereafter, the non-magnetic substrate 31 immersed in the resist solution 11 is



of revolution is low and centrifugal force is small, thereby the resist
solution 11 applied to the non-nmagnetic substrate 31 may drip downwardly
due to gravity, and hence there is a possibility that the resist solution
11 may be adhered to the inner circular domain 3 of the non-nagnetic
substrate 31. 20 In respond to this, itlis possible to prevent the resist
solution 11 from adhering to the inner-circular domain 3 of the

non- magnet i : ' rsih . = tic rate 31 into
Tho resi ot sl RO A Pl S0 iRy IR A BB o 1
[0040] 25 Thereafter, the non-nmagnetic substrate 31 i Mmersed in the resist
sol ution 13ubskrate’ ] gropnd therotationspHs Ha (REMEOUt #8Plut i on 11, whil e conti nui ng

to rotate the non-magnetic substrate 31 around the rotation axis 37a
(taki ng out st &ykn meveparieoda |y dr the podsantl epbodimariteroation ef theewbodagnetic,
rotation of the non-magnetic substrate 31 is kept on rotating around the

rotation axilstrdiéd 1iiskenbhirsetg abled the hetatbornfis FRORebhEmRdAgEF ke 31 from
the resist solution 11. Thus, It is possible to apply the resist solution 11

to the gat guph. gi‘—‘%%ﬂd??%ﬂfr?‘f tH@YésﬁgscﬁutfHHﬁ. uni formt hi ckness, without

adhering the resist so to the inner circular domain 3 of the
non- magnetic sybstrate 31.. The resist.soluLio can be appli,ed .tp data
recordi ng dona;’lﬁ'uﬁr 1§ 15 POSH %Forﬁﬂph %ﬁr‘?ﬁls(st, R{LEN \[/]\h ﬁ%ﬁamﬁﬁ%oﬁ‘ggg demafn Agol ution
11 10 adhere to inner circular donain 3 of the non-magnetic substrate 31.
[0041] Thebpdngeimate prifasmahicknessiwithons adering thaussist sodwiozal lite the iahetr abl y
i ncreased after the non-nmagnetic substrate 31 is taken out fromthe resist
sol ution 1girsdaradomiain def thegbaimdghatic subb@ite #heThetbdistrsotutivadn et e appldddr at e 31
is imrersed in the resist solution 11.
to data recording domain 4 in uniform film thickness without making resist solution 11
10 adhere to inner circular domain 3 of the non-magnetic substrate 31.
[0041]
The rotation rate of the non-magnetic substrate 31 is preferably increased after the
non-magnetic substrate 31 is taken out from the resist solution 11 so as to be higher than
that when the non-magnetic substrate 31 is immersed in the resist solution 11.
15 The rotation rate of the non-magnetic substrate 31 during immersing the
non-magnetic substrate 31 in the resist solution 11 is determined so as to obtain
centrifugal force which can prevent the applied resist solution 11 from dripping
downward by gravity to adhere to the inner circular domain 3 of the non-magnetic
substrate 31.
20 If the rotation rate (number of revolutions) during immersing the non-magnetic
substrate 31 in the resist solution 11 is increased excessively, then adhering of the resist
solution 11 to the non-magnetic substrate 31 is inhibited, and the liquid surface of the
resist solution 11 is shaken to promote the resist solution 11 to adhere to the inner

circular domain 3 of the non-magnetic substrate 31.

25 [0042]



15 The rotation rate of the non-magnetic substrate 31 during imrersing the

non- magnetic substrate 31 in the resist solution 11 is determned so as to

obtain centrifugal force which can prevent the applied resist solution 11

fromdripping downward by gravity to adhere to the inner circular domain 3
of the non-magnetic substrate 31. 20 If the rotation rate (nunber of

revol utions) during innersing the non-mafnetic substrate 31 in the resist

12 to the non. SRHFARheuEs ?*ﬂ@@fﬂ%é “rmer%ﬁ*E@* A bere® TR U B hce. of
the resist solution 11 .is sh en to te the_resist solution 11 to

adher e to {HecrifBIton | OEATSIADRIABE BPTbFq Hin Ko Orfgh atich capbespisatly 31. 25
[0042] 18 Specifically, the rotation rate during i mrersi ng the non-nagnetic
substrat e 3deteimingdbasedon she wsadasity ohthe reshyt edlatiaml iy or singyefsthé nomnBE0eticom t 0 500
rpm which can be suitably determ ned based on the viscosity of the resist
sol ution 13ustragizde of the non-magnetic substrate 3 1. 5 [0043] Moreover,

t he rotation rate which is increased after the non-magnetic substrate 31 is
t aken oyt [ the resist solution 11 is determned so as to obtain a
centrlfugal ce which can scatter unnecessary resist solution 11, in

addltlontopr ent the applied resist . solutign 11 fromdripping . d war d
by gravity to MEPEBe HRGTAEEPh (R iPGFai B IS noR g HRORE Ahgnet |
substrate 31. In addition, if the rotation rate which is increased after the
non- nagnet ictakabst fgmethe pasist olutiee bl tidetarminedish @s teehtain agshiifugal farge i s
i ncreased excessively, then the thickness of the resist will be thin
remar kabl y whikh daa ssh@k img:cedshryatsisthelutienil$} in addiiotind peeseititye &fplied resist
solution 11 from dripping downward by gravity to adhere to the inner circular domain 3
10 of the non-magnetic substrate 31.
In addition, if the rotation rate which is increased after the non-magnetic substrate
31 is taken out from the resist solution 11 is increased excessively, then the thickness of
the resist will be thin remarkably due to shaking off of the resist, and uniformity of
thickness will deteriorate.
15 Specifically, the rotation rate which is increased after the non-magnetic substrate
31 is taken out from the resist solution 11 preferably ranges from 5000 rpm to 6000 r pm,

which can be suitably determined based on the viscosity of the resist solution 11 or size

of the non-magnetic substrate 31.
[0044]

20 in addition, in the case in which a non-magnetic substrate 31 having a diameter
ranging from 15 mm to 100 mm and a distance (width of inner circular domain 3) in the
direction of diameter of non-magnetic substrate 31 between the data recording domain 4
and the opening part 37 ranging from 2 mm to 3 mm, and a resist solution 11 having a
viscosity, ¢.g. a general value ranging from 0.1 ¢P to 10 cP, is used, the rotation rate

25  during immersing the non-magnetic substrate 31 in the resist solution 11 is set within the



thickness will deteriorate. 15 Specifically, the rotation rate which is

i ncreased after the non-magnetic substrate 31 is taken out fromthe resist
solution 11 preferably ranges from 5000 rpmto 6000 r pm which can be
suitably determ ned based on the viscosity of the resist solution 11 or size
of the non-magnetic substrate 31. [0044]9 20 In addition, in the case in

whi ch a non-nagnetic substrate 31 having’a dianeter ranging from1l5 mnto

100 mm and .3, 'o?ft3§-6' 66 fhnfland {Héprfataggﬁ ECH% %ﬁn&&{éﬁ&% g‘%a.n 8 /e s0dd Jpga(c)t I on

of di anet er non- |c subs rate e data recordl n main 4

Paving a @@gﬁ%waﬂ%%rr?o%grégﬁéléﬁ%m%?l RIEREoR Brrois Sabivn 'o“%'p"”i s

used, the rotation rate 25 during |m'rer5|fg)the non- magneti c substrate 31 in
t he resi st posiibleiiopreveantcertaiply the xcpistsolioniiom péhegiagéd thegonargirceler 500 rpm
and the rotation rate is increased to a range from 5000 rpm to 6000 rpm

after the romairdofthe aosulaghetatmb@iaté 31,taal @napplpthetrbdstisoRitioh 1$ob teidam 11, it
is possible to prevent certainly the resist solution fromadhering to the

i nner ckr cqé&qdlngg&ﬁhﬁ@&g#ﬂmﬁnﬁg Acfdegnetic substrate 31, and to apply the
resist solution 11 to the ta 5 recording domain 4 at a uniformthickness.

[ 0045] g giSl ng the resist layer applied in this way, a magnetic
recordi ng E % rnis formed (pattern form ng step). Speci fically, a resist
| ayer is patterned usin phot ol i t hogr aphy technol o t hereby partially
reduci ng the t H¥e%knisEg by resitlayagipglicd ythis wayjpmagn lérmnr Hge PRdendsi st | ayer
partially. Subsequently, atons are irradiated fromthe surface side of the
resi st | aydormedy(pattelnn Soroney si¢p)on Spanificailgm tesisi lapdranpatbrmalrtsirg |y i nto the
part of the magnetic |ayer having a
photolithography technology, thereby partially reducing the thickness of the resist layer,
10 or removing the resist layer partially.
Subsequently, atoms are irradiated from the surface side of the resist layer. By
this operation, an atom is implanted partially into the part of the magnetic layer having a
thin resist layer or no resist layer to form a non-magnetized layer 34, and simultaneously,
the magnetic recording pattern 33 consisting of a magnetic layer in which no atoms have
15  been implanted is formed onto a part where the resist layer is present, thereby forming
the magnetic recording layer 34 in which each of the magnetic recording pattern 33 and
the non-magnetized layer 34 is arranged alternately.
As the atoms to be implanted into magnetic layer, for example, B, F, Si, P, Ar, Kr,
In, Xe are exemplary.
20 By implanting atoms into magnetic layer at this step, the crystal structure of the
magnetic layer becomes amorphous, and the magnetic layer becomes non-magnetic.
Thereafter, all of the resist layer removed, the lubrication layer 36 is formed on the
protective film 35 to form the magnetic recording medium 30 shown in FIG 1.
[0046]

25 In this embodiment, the data recording domain 4 of the non-magnetic substrate 31



thin resist layer or no resist layer to forma non-nmagnetized | ayer 34, and
si mul taneously, the magnetic recording pattern 33 consisting of a nmagnetic
| ayer in which no atons have 15 been inplanted is forned onto a part where

the resist layer is present, thereby formng the nagnetic recording |ayer

34 in which each of the magnetic recording pattern 33 and the

non- magneti zed | ayer 34 is arranged alt nately As the atons to be

| ol anted g4 00 BRORG! € Y SH 01| AT Sl Koo S Fwsfﬁygl’%t%%%@ttt’ﬁe e

exenpl ary. at ons yer at

crystal structure of t he, C er, beco S ho ,_a the magneti c
| ayer becort&”eﬁﬁrnﬂﬁd@%ﬂrﬁ“ a‘g%{'é‘?‘géflf t ImLparse f‘mPE]ée g’é utjoz renoved,
the lubrication layer 36 is formed on the protective film35 to form t he
magnet i ¢ r eBuwsdiha esist siilutieBDl isipostenied fnEdming g0 46htagtsvitinthe minsr eiwdda ment |

t he data recording domain 4 of the non-magnetic substrate 31 20 is i mer sed

in the residm#o8uhéreby preveinghRe til¥escitig Stfedn @dmiddEnfo@dhett Witk €fe f or m ng
step, however, the inner circular domain 3 is not imrersed into the resist

solutior 1 lution 11 is prevented fromconming into
cont act I3W|t en}ﬁ%@;o%%l%ﬁop%ﬁi?%? 37 domain 3, thereby preventing the resist

| ut 11 f tact t.he 5
art 37, in adoPgHon R s glﬁﬁe%%mé“ﬂtmwfewes PR X RORe o

resist layer formng step, the non-magnetic substrate 3l is taken out from
the resist s, thei I@n-magneumubétratgﬁaltlt taljen euidramo theregisteplugon ibsvhile retaging
imersed in the resist solution 11 around a rotation axis 37a, and hence it
i S possi bl gh¢ aoiseapiaic shysteedd I inimgatd mahe esisnsodat@msHr aroureld otatioalasts on 11
10 adhered to the non-negnetic substrate 31, and to apply the resist
sol ution 11370addRencd @t FRUBRLD GeattdPE) Egigdl foRlefRhfde¥sary resist solution 11
10 adhered to the non-magnetic substrate 31, and to apply the resist solution 11 to the
non-magnetic substrate 31 uniformly.
[0047]
Thus, in accordance with the process for producing a magnetic recording medium,
itis possible to form a magnetic recording pattern accurately, using the resultant resist
15 layer, and to produce a discrete truck-type magnetic recording medium which can
provide excellent recording and reproducing characteristics, at a high yield.
f0048]
In contrast, for example, in the case in which the resist solution 11 is applied to the
periphery of the opening part 37, even if the non-magnetic substrate 31 is rotated around
20  the rotation axis 37a after applying the resist solution 11, the centrifugal force which
generates at the periphery of the opening part 37 is small, and hence the resist solution 11
applied to the periphery of the opening part 37 is hardly scattered.
And as a result, in the case in which the resist solution 11 is applied to the

periphery of the opening part 37, coating irregularity easily occurs.

25 The resist layer is finally removed in the production process of magnetic recording



[0047] Thus, in accordance with the process for producing a nmagnetic
recording medium it is possible to forma magnetic recording pattern
accurately, using the resultant resist 15 layer, and to produce a discrete
truck-type magnetic recordi ng nedi um whi ch can provide excellent recording
and reproduci ng characteristics, at a h?ph yield. [0048] In contrast, for
exanple, in the case in which the resist solution 11 is applied to the

periphery %eﬁﬁﬂﬁé@%%ﬁgc {n%n%@ ulﬁ%ﬁgglhfer{a St sOfitoflt g'tht ﬁ’eéérhgs. £iCx 3l is

rotated ar the’ ro S er app yin sol ution

11, the ce forc i tes at f openi n
part 37 is {?ﬁ?ﬂ‘%rgﬂﬂvﬂgﬁﬁe@sl{ﬁ@eg Oré‘t’)lct?}tsie ﬁ @eea ghit %‘Hﬁ’taBef) = Ber: pgery

of the opening part 37 is hardl scattered And as a result, in the case in
whi ch t he meaghetic reeprdingaatiam. and epgiing istegilsritihel thpeastspﬁémtyorbtl deteriaspleni ng
part 37, coating irregularity easily occurs. 25 The resist layer is finally
renoved i nptdicsroduictdfahe poaees secofdinggediune recording 21  nmedi um however,
a coating irregularity of the resist solution 11 in the producing step
before ?he gewgpval of resist layer is a factor to cause bad influence in the
shape ot a  magnetic recording pattern and coating irregularity of the

resist solutio erlo t.es tio ield of the, ma LC recording
nmedi um 5 [0043 ]htotﬂ%s ‘ﬁ{%%t if g E‘Ffﬁ’fr‘ep HP% magRdii SHBf‘Ffaq? ﬁi} Yhon- magnetic
substrate 31 is inmersed in the reS| st layer 11 such that the inner
ci rcul ar ddparemed ibthe rerist e Wagneh that thesinpancingplar damais eafthmeemageslic t he
| iquid surface 1lla of the resist solution 11, however, it is not always
necessary substmtedrige ambhigedfabtvecthe higraid suifzceuillanf therresist salutibn t hehavaavendignet i ¢
10 substrate 31 above the liquid surface 1la of the resist solution 11, at
| east the peddtBR@IVY neéessary to arrange all of the inner circular domain 3 of the non-magnetic
10 substrate 31 above the liquid surface 11a of the resist solution 11, at least the periphery of
the opening part 37 should be arranged above the liquid surface 11a of the resist solution
1.
[0050]
"The second embodiment”
15 Although in the process for producing in the above first embodiment, an
explanation was given referring to the case of forming a resist layer onto one
non-magnetic substrate, as shown in FIG. 3B, a resist layer may be formed onto a
plurality of non-magnetic substrates at atime. FIG. 3B is a drawing for explaining other
examples of the immersing step of the resist layer forming step, and a schematic
20  perspective view which shows only the non-magnetic substrate 31 and the resist solution
11. Inthe process for producing a magnetic recording medium of this embodiment,
what is different from the first embodiment is only the number of the non-magnetic
substrates 31 onto which the resist solution is applied in the resist layer forming step, and

hence explanations of the other is omitted.

25 [0051]



t he opening part 37 should be arranged above the liquid surface | I a of the
resist solution 11. [0050] "The second enbodi nent” 15 Although in the
process for producing in the above first enbodi nent, an explanation was
given referring to the case of formng a resist |layer onto one non-magnetic
substrate, as shown in FIG 3B, a resis& | ayer may be fornmed onto a
plurality of non-magnetic substrates at Ztime. FIG 3B is a draw ng for

expl ai ning oth f. the i i . 23] : r form ng
top. and a schole oS e pRiautilg a L. R PRl 15 diCelnpbaiRiel DO O
substrate 31 . and the resist solution 1. Ip the process for producing a
magneti c rﬁi%’rogg% e %’ftﬁsflmemagn@wb%%ﬁtr?éﬁg Lis £¢ 4 ?f‘hff"e‘?rt’é’Fito(?]t m t he
first enmbodinent is only the nunber of the non-magnetic substrates 31 onto
whi ch the thdekngss of dhamdnomagnstia sphstiets 31n apdrefromgiach othay erA distanindgbggvepn  and

hence expl anations of the other is omtted. 25 [0051] 22 1In the process for

produci ng aadhagi@iripieceeoithentgnimgdétiBubitrdté 31 shabadh FEGI3B eadt saftablour
pi eces of the non-nagnetic substrate 31 is arranged in the direction of the

t hi ckness glrefnliGeBPHERGP ?ﬁ“ P‘E: n%'dg?zgeén@ﬁ@ sw%pstt.rﬁt%@a}[ for feﬁ%ﬂ%l%?‘ccf" i u%ljaferrablf‘

di st anced between ‘each o our tes o e non-nagneti c substrates 31

shown in FIG . 3B.ca e suitably.5 determ ned the size of. th on- magneti c
Substrare B ISR RR B hecped jow b APt e e acmddeEn Bhbsste I " e
case in which dianmeter of the non-nagnetic substrate 31 is 1.89 ((p48 M),
and for exadpi(e48 ma), and for eaanis|"¢" Worelewmbly rdidess thamd mm ipHke eas8én i n whi ch
the di anmeter of the non-magnetic substrate 31 is 0.85 ((p21 mm. If the

di st ance " dhidhehembemetehef tht noaimdpyetnf substrater@ ) iecd.BE (@ilhatmat es 31 is smal |,

If the distance "d" between the plurality of non-magnetic substrates 31 is small,

10 then fluidity of the resist solution between the non-magnetic substrate 31 and
non-magnetic substrate 31 becomes insufficient, and coating irregularity of the resist
solution 11 may become large.

In the process for producing a magnetic recording medium of this embodiment, the
non-magnetic substrate 31 is installed to the coating device, similar to the first

15 embodiment.

In other words, as shown in FIG. 3B, in the installing (chucking) of the four pieces
of the non-magnetic substrate 31 to the spindle part, three pieces of a rod-like member
which constitute a chuck 41 of the spindle part are penetrated through the opening part
37 of the four pieces of the non-magnetic substrate 31, and the three pieces of the

20 rod-like member are extended from the center outwardly, thereby making the three pieces
of the rod-like member support the inside end of the opening 37 of the non-magnetic
substrate 31 to fix the non-magnetic substrate 31.

[0052]
In the process for producing a magnetic recording medium of this embodiment,

25  similar to the first embodiment, in the resist forming step, a part of the non-magnetic



10 then fluidity of the resist solution between the non-nmagnetic substrate
31 and non-magnetic substrate 31 becones insufficient, and coating
irregularity of the resist solution 11 nay beconme large. In the process for
produci ng a magnetic recordi ng nedium of this enbodi nent, the non-magnetic
substrate 31 is installed to the coating device, simlar to the first 15
enbodi nent. I n other words, as shown in &IG 3B, in the installing (chucking)

of the foug,Rksees is %me%ed E}Pﬁ&e'?&%@ mﬁ%ﬁmb%ﬁé §ttﬁé—1rﬁ191j]i 1a§mo@gh§%89rt,

three pieces of a rod-like rre constitute

spi ndl e parpt. are ope t he .f our pieces
of the nonﬂ}?&?ﬁémg g @Ef H?Pl%‘}% tﬁ? B&“‘ﬁ S&'&? df‘l OlfHE BHY 0d-1i ke
menber are extended fromthe center outwardly, thereby nmaking the three

pi eces of sel4eon bly-apgd ﬁ@aﬁ@mdaﬁfswmngtdﬁ@aim% pﬁ@e@ﬁa-m@@%swem Ad 187 of
t he non-magnetic substrate 31 to fix the non-magnetic substrate 31. [0052]
I n the proeesmelandpartbelliguidgudaceddaef the resstaoliting 1 gdmemninf stegli andenbodi nent ,
25 simlar to the first enbodinent, in the resist formng step, a part of

the nons magRedier, A% nchURRCRE BuiealeS 1| TN ke fe6t SoRioRt 15Okauebh B¢ 11,
such that the inner circular domain 3 of the non-nagnetic substrate 31 is

arranged agyesl b L, FE h%ﬁ%o%%%@qg{gm% BERbRrac Rl iy 1y and a

part of the a recording doha e non- rragne C Su 3l is
arranged under .the liquid surf | a of the resist solution 11(i mrersing
step), anda@u{l@]g}eé%ap@?ax&s%gaﬂg]ﬁ ch substrate 31 imersed in the
resist solution 11 is taken out fromthe resist solution 11, while

cont i nui ngThus, irothat enbddemenntheaepist solotien bk tsraeendd fram comihgtihte gootaat | on axi s
37a (taking out step). Thus, in this enbodinent, the resist solution 11 is
prevent ed Hiprihe PikNdrdubt dof@ii Beliereby preventing the resist solution 11 from coming
10 into contact with the periphery of the opening part 37.
In addition, in this embodiment, unnecessary resist solution 11 adhered to the
non-magnetic substrate 31 can be scattered by centrifugal force, and hence it is possible
to apply the resist solution 11 to the non-magnetic substrate 31 uniformly.
[0053]
15 Moreover, in the process for producing a magnetic recording medium in this
embodiment, each of the plurality of non-magnetic substrates 31 is arranged apart from
each other in the direction of the thickness of the non-magnetic substrate 31, and hence a
process which excels in productivity is provided.
In addition, in the process for producing of this embodiment, it is possible to
20  prevent coating irregularity in the case in which the plurality of non-magnetic substrates
31 is arranged, by adjusting the distance between one non-magnetic substrate 31 and
another non-magnetic substrate 31 to be not less than 12 mm of the plurality of
non-magnetic substrates 31,

Thus, in the process for producing a magnetic recording medium of this

25  embodiment, it is possible to form a magnetic recording pattern accurately using the



with the inner circular domain 3, thereby preventing the resist solution 11
fromcomng 10 into contact with the periphery of the opening part 37. In
addition, in this enbodi nent, unnecessary resist solution 11 adhered to the
non- magneti ¢ substrate 31 can be scattered by centrifugal force, and hence
it is possible to apply the resist soluytion 11 to the non-nmagnetic
substrate 31 uniformy. [0053] 15 Moredver, in the process for producing a

magnetic r i.ng.: e ' [ erhodi = . | ural.i ty of
o magnet etk iseP et Al R bitsBec £ TR sy Rl KABd Frull
direction of .the thickness of the non-pagnetic substrate 31, and hence a
process mwmdbeaeéargwsﬁewﬁm}dﬁmhpg avg?ear?%\wg&ﬁaqaﬁtea%}ms{ farhish Heithe
process for producing of this enbodinent, it is possible to 20 prevent
coating irf@pdlarity in the case in which the plurality of non-magnetic
substrates 31 is arranged, by adjusting the distance between one

non- magneti ¢ subshouht i mledhek, irﬁﬁh@?F@Entﬁ@%nﬁ@ﬂ,ﬂﬁisip@efémbﬁ:ttb&’fhﬁw%b th® be not
| ess than 12 mmof the plurality o non- magneti ¢ substrates 31. Thus, in

the proges %ﬁgﬁ%&@%ﬂﬁ%ﬂ?ﬂe 31 IPORGLLG sél‘ﬁg&‘i i ,%ifé"rg{aHH% e ﬁolﬂi-rﬁa;/grétis mbodi ment ,

it is possi rma nmagnetic recordrng pattern atcurate using the 24
resultant resis ayer, and to produce di screte truck-type nmagnetic
recor di ng ﬁ@iﬁt{*}fﬁil ﬁm"‘é T ‘?1“?)‘}'8\5‘%“310 ﬁﬁalteeﬁ mAY, b Ffptge 2 %cfh? epr oduci ng
characteristics, at a_high i[eld. [0054] It should be noted that, in the
present i nvieatmagnetiq substgatp B bissimanireed: ip thawesiskwlutia 115 non- magnetic substrate
31 in the resist solution 11, while rotating the non-nmagnetic substrate 31,
however, the ndnaddigogtihchesdbosé erabedidibntyehe rbsdstriafenfaching step nahde
non- magneti c substrate 31 is imersed in the resist solution 11.
performed after the protective film 35 is formed and before the lubrication layer is
10 formed, however, the resist layer forming step may be performed at any step as far as it is
after the magnetic layer which serves as a magnetic layer is formed, for example, it may
be formed either immediately after the magnetic layer which serves as a magnetic
recording layer is formed, or after the lubrication layer is formed.
Moreover, in the example shown in FIG. 3B, an explanation was given referring to
15  the case of forming a resist layer onto four pieces of non-magnetic substrate at a time, the
number of pieces of the non-magnetic substrate may be any number, and is not
particularly limited.
[0055]
"Magnetic recorder and reproducing device"
20 Next, an explanation will be given with respect to the magnetic recorder and
reproducing device of the present invention.
FIG. 4 is a schematic view for explaining an example of the magnetic recorder and
reproducing device of the present invention.

The magnetic recorder and reproducing device shown in FIG. 4 is equipped with

25  the magnetic recording medium 30, a driving part 21 which drives the magnetic



In addition, in the above enbodi nent, the resist |layer formng step may be
performed after the protective film35 is fornmed and before the |ubrication
| ayer is 10 fornmed, however, the resist layer form ng step nay be perforned
at any step as far as it is after the magnetic |ayer which serves as a
magnetic |ayer is fornmed, for exanple, bg may be forned either i mediately
after the nmagnetic |ayer which serves aS a nagnetic recording |layer is

formed, or r&btdh hi%ﬁiuhvmth@a&é&fan'o@%;d@,fa%a@aiq N9\ Bhsisting dfye exanpl e
shown in FIG 3B, an explanation was given referring to 15 the case of

formng a resi I ont ur pi.eces .of. non- et.i hstrate at a tine,
the nunbef &:%Fcﬁé# 8@%5’5‘%’1‘ repg()ecfu% ﬁ-pﬁgg%g?@cé@%ﬁmwﬁﬁ@r%%{lvghy%ﬁ‘{fﬁgl&, and
is not particul arlcy1 limted. [Q055] . "Magnetic recorder_and reproducing
devi ce" 20 MNRERetic head 4 40 thsapaggticyracprding mediem 3 1kl ¢ weprding and repredwsig@iet i c
recorder and reproducing device of the present invention. FIG 4 is a
schemat i ¢ vigeal tfaating rghes 11 fog irputtergasngplats ioto thdumagregio deadandaeprodecingnd
reproduci ng device of the present invention. The magnetic recorder and

repr odugi ngiglell oGustiomnthé mahdacthehd 2B UnRREMHapietid recdeder BRd FepaRRIc

recordi ng rreggi um?o, a dri vi% part 21 which dgk} ves the magnetic 21%

recordi ng I Lo djr i . - d] . I

consi sti ng’&gﬂhggﬂo@c%tfggn% agg{retlﬁg%lgﬁgger%gﬁ%g?ﬂ% ﬁ%%@ﬁﬁg%gﬁﬁzﬁ ng part
28 which relatively driyes th netic head 27 .tq the magnetic recording
medi um 30, “'éfﬁ&l‘%gh%’ﬁfb‘l“cﬁiﬁ‘gl awﬁw%qfo@ﬁemssafgw RAICIRG L HRERYICTECHLINEY f or

i nputting si%nals into the magnetic head and reproducing 5 signals output

fromthe am i thegboy27s used. t he nagnetic recorder and reproduci ng device
shown in FIG 4, as the magnetic recording nmedium 30, the magnetic recording
[0056]
10 The magnetic recorder and reproducing device shown in FIG. 4 is equipped with

the discrete truck-type magnetic recording medium shown in FIG. 4 having excellent
recording and reproducing characteristics, and hence which serves as a recording and
reproducing device having a high recording density.
In addition, since the magnetic recorder and reproducing device shown in FIG. 4 is
15  equipped with a magnetic recording medium on which recording trucks are arranged
discontinuously, it is possible to operate even if the width of the reproducing head is
made equivalent to that of the recording head, although hitherto the width of the
reproducing head should be made smaller than the width of the recording head in order to
avoid the influence of magnetization transition domain of the truck edge part. Thereby,
20 it is possible to provide a sufficient reproducing output and a high SNR.
[0057]
The present invention will be explained below by examples more in detail,
however the scope of the present invention is not limited to only these examples.
(Example)

25 A non-magnetic substrate 31 shown in FIG 2 which is made of crystallized glass



medi um shown in FIG 1 produced by the process for producing a magnetic
recording nediumin the above is used. [0056] 10 The magnetic recorder and
reproduci ng device shown in FIG 4 is equipped with the discrete truck-type
magneti c recordi ng nedium shown in FIG 4 having excellent recording and
reproduci ng characteristics, and hence ich serves as a recording and
r epr oduci ng devi ce having a high recording density. In addition, since the
magnetic r : r Ct i | 1pi { S i pped with
a magnet | o oauaioFEReLOR ALk, ARY-K307 NtEPi Oy bt nd BrBaehPR
di sconti nuQus it .0s possjble to operate even if the width of  the
r epr oduci ngmf‘de%({%f (:Hé))hﬁﬁ aéiﬁﬂ'{“?fﬁrl ‘gﬁt g@ﬁﬁg{m)owastmgpqrgct gREHE  al t hough
hitherto the width of the reproducing head should be nade smaller than the
wi dt h of t Wecyugrehagibagofresyttemnoinperatusoandihetedfietthe vatuumeehambet was
magneti zation transition donmain of the truck edge part. Thereby, 20 it is
possi bl e t evauai datilaths plekived Brvame ept editcthag | out ptiPaand a hi gh SNR. [ 0057]
The present invention wll be explained bel ow by exanples nore in detail,
homeverSth?O@ggpe of the present invention is not limted to only these
exanples. “(Exanple) 25 A non-magnetic substrate 31 shown in FIG 2 which is
made of crystalljzed gl as 6 onsi sting of Li2Si 205, Al1203- K20, 203- K20,
VGO PaCs.  and- SHESUeTle Tp Bdet Rearding by 2ot FRpPBARYS SR e of
1.89" ((p48 mm)_ was prepared and arranged in a vacuum chanber of a
sput t er i ng cagrfraseiisnagastic lepari2acorsistingol FacoBnaintammediatgdayer d¢hcuat ed untii |
the pressure becane not nore than 1. Ox 10-5 Pa. 5 [0058]

consisting of Ru, and a magnetic layer consisting of a 70Co-5Cr-15Pt-108i0; alloy

(magnetic layer forming step) was formed sequentially, using a sputtering method.

10 Subsequently, onto the surface of the magnetic layer, each of a protective film 35
consisting of C (carbon) and a lubrication layer 36 consisting of a fluorine-type lubricant
was formed sequentially, using a CVD method.

As for the thickness of each layer, soft magnetic layer was 600 A, intermediate
layer was 100 A, magnetic layer was 150 A, protective film was 4 nm, and lubrication

15  layer was 2 nm, respectively.

[0059]

Thereafter, a resist layer was formed on the surface of the lubrication layer 36
(resist layer forming step).

In the resist layer forming step, at first, an inner circular domain 3 of the

20  non-magnetic substrate 31 was installed to a parallel spindle, the non-magnetic substrate
31 was arranged so that a liquid surface 11a of a resist solution 11 should come to a
position under the inner circular domain 3 of the non-magnetic substrate 31 by 2 to 3 mm,
and a part of the non-magnetic substrate 31 was immersed in the resist solution for 10
seconds, while rotating the non-magnetic substrate 31 around a rotation axis 37a at a

25  rotation rate ranging from 350 rpm to 500 rpm (immersing step).



Subsequently, onto the data recording domain 4 of the non-magnetic substrate
31, each of a soft magnetic |ayer 32a consisting of FeCoB, an internedi ate
| ayer 32b consisting of Ru, and a nagnetic |ayer consisting of a
70Co-5Cr-15Pt-10Si 2 alloy (nmagnetic |layer form ng step) was forned
sequentially, using a sputtering nmethod,,10 Subsequently, onto the surface
of the magnetic |ayer, each of a protecg7ve film35 consisting of C
(carbon) apfheg;! ubrication layer 36 consisting of a fluorine-type |ubricant
was fornmed seqLentiaIIy, using a CVD nethod. As for the thickness of each

| ayer, soft ma ic | r. 600 A,. inter er was .10

magnetic | ayer ][5 ?@’6@&?‘1‘5’@%’? preaniciappls asﬁ?%ﬁl(})hﬁ g ¥FPRlt (}(}rFrP 15

| ayer was 2 nm respectively. [0059] Thereafter, a resist |ayer was forned
on the surPatBsedf the |ubrication |ayer 36 (reS| st layer formng step). In
the resist layer formng step, at first, an inner circular domain 3 of the

20 non- magf®bilE substrate 31 was instal led to a paral |l el spindle, the
non- magneti ¢ substrate 31 was arranged so that a liquid surface 11 a of a

resist sol uti omhdrkaSdiouhite BN t8 rotRRThd ﬁ&“mﬂ%‘&@% shb@ratd W eirofnd (! ar
domain 3 of the non-nagnetic substrate 31 by 2 and apart of the

ceconde,  wiA BB torl i RORER o bl eﬁ)@ B e on axi s
37a at a 25 rotation rate ranging from 350 rpmto 500 r (I mTEI‘SI ng step).
27 [ 0060] Sykstretre | ipgmested é‘bﬂl‘}tfP%ﬁ solutiog 41 o\fagéakﬁe ofblsemd J@ﬁlé%%) YOG havi ng
viscosity of 1 cP was used. [0061]
11(taking out step).
Moreover, after the non-magnetic substrate 31 was taken out from the resist
10 solution 11, the rotation of the non-magnetic substrate 31 around the rotation axis 37a at
a rotation rate ranging from 350 rpm to 500 rpm was continued for 15 seconds, and
thereafter the rotation rate was increased to a range from 5000 rpm to 6000 rpm and then
the rotation was continued for 12 seconds further.
[0062]
15 Using the resist layer obtained by being applying and drying in this way, as shown
below, a magnetic recording pattern was formed (pattern forming step).
That is, the resist layer is patterned using photolithography technology, thereby removing
the resist layer partially.
Thereafter, Ar was irradiated as an atom from the surface of the resist layer, and an
20 atom was implanted partially into the magnetic layer of the part of the magnetic layer
without the resist layer 11 to form a non-magnetized layer 34, thereby forming a
magnetic recording layer 33a in which each of the magnetic recording pattern 33 and the
non-magnetized layer 34 was arranged alternately.

Thereafter, all of the resist layer removed to obtain a magnetic recording medium

25 30 shownin FIG 1.



5 Thereafter, while continuing to rotate the non-nmagnetic substrate 31
around the rotation axis 37a at a rotation rate ranging from 350 rpmto 500
rpm the non-nagnetic substrate 31 inmersed in the resist solution 11 was
taken out fromthe resist solution 11 (taking out step). Moreover, after

t he non-nmagnetic substrate 31 was taken ?ut fromthe resist 10 solution 11,
the rotation of the non-nmagnetic substrg e 31 around the rotation axis 37a
at a rotaE@)m rate ranging from 350 rpmto 500 rpmwas continued for 15
seconds, and ghereafter the rotation rate was increased to a range from
5000 rpmto 60 romand then the r on was.continued, f 12 seconds
further . [0062) herBRRogf rephie mefub oahir ShiBls RELCWIHH WEh asBedihg and
drying in this way, as shown below, a magnetic recording pattern was forned
(pattern f&lsirpgagnetisconvigsgion pharagtersties 85 showmbelpw; sApdas areiul, 1si ng

phot ol i t hography technol ogy, thereby renmoving the resist |ayer partially.
Ther eaf t er magnetiacondirdindtreptodisimnchatetarstionwede@bsarvédinelloff thérmapeeticst

| ayer, and an 20 atomwas inplanted partially into the magnetic |ayer of

the par§ ofredoRfingBHNCtIhGhd AaRiatiodbf he WlectrbRafREcThnt A¥BA cHakadtbriftRER&d
non- magneti zed | ayer 34, thereby formng a nmagnetic recording layer 33a in

Vayer oa wi e ATREE By hEESH AR CF Bt B R I SRP " o7

removed to ﬂéﬁ{gg a magBeti c recording nedium 25 30 shown in FIG 1. 28
[0063] TheS eI B¥6r di ng medi um 30 t hus obtai ned was eval uated with

respect to electromagnetic conversion characteristics, as shown bel ow. And
as a resul As foherecording and reproducing head, a GMR head was used.

[0064]
10 (Comparative Example)
Onto the data recording domain 4 of the non-magnetic substrate 31 which is
similar to the Example, each of a soft magnetic layer 32a, an intermediate layer 32b, a
magnetic layer, a protective film 35, and a lubrication layer 36 were formed, by the same
as in the Example.
15 Thereafter, the same resist solution as in the Example was applied to the whole of
the non-magnetic substrate 31, by the method shown below.
A substrate was immersed in a resist solution up to a chucking position of an
opening part of the substrate, thereby applying the resist to the substrate at 400 rpm for
10 seconds.
20 Thereafter, the substrate was taken out from the resist, and the substrate was
rotated at 500 rpm for 12 seconds to shake the resist off.
[0065]
After the resist was applied in this way, a magnetic recording pattern was formed
similarly to the Example. Thereafter, all of the resist layer removed to obtain a

25  magnetic recording medium 30 shown in FIG. 1.



magneti c recording and reproduci ng characteristics were observed in all of
the magnetic 5 recording bits. In the evaluation of the el ectromagnetic
conversion characteristics, Read Wight Analyzer 1632 produced by GJZI K
Co., Ltd. in U S. A and a spin stand 51701 MP were used. As for a recording
and reproduci ng head, a GVR head was usgﬁ. [ 0064] 10 (Conparative Exanpl e)
Onto the data recording domain 4 of the"non-magnetic substrate 31 which is
simlar to[@ﬂ% Exanpl e, each of a soft nmgnetic |ayer 32a, an internediate
| ayer 32b, "a gnetic layer, a protective film35, and a lubrication |ayer

36 were forned,,by the.sane .as int ampl.e. .15 Thereafter, the sane
osi st Csol ut | ot magets BB tueme ot BT Plai e, Wn AR G reshf 1

non- magneti ¢ substrate 31, by the nethod shown bel ow. A substrate was

i mrer sed i §legtrpmagnetic senvaryion chgsacterisics Mydhe segnepua as is theoltxample.opdnd Ay part
of the substrate, thereby applying the resist to the substrate at 400 rpm

for 10 seaaecudt, a R of Hefeeta bt the, mighetisrdositdimgt dtswase bdeevedau theftri@iinh de resi st
and the substrate was rotated at 500 rpmfor 12 seconds to shake the resi st

of 1. 10965iciily! Siind et Edubdr dbRBLPBE 8 loh Andafibck dBYrares frognet i ¢ 1 ecor di ng

pattern was formed simlarly to the Exanple erearter, all of the resist
e S e s P BRI AR R RS 0,
respect 10 thickness of the resist solution applied to the vicinity of the inner circular domain 3 of the
non-magnetic substrate 31, and hence the accuracy of developing of magnetic recording
pattern in the photolithography became insufficient, thereby forming no magnetic
10 recording pattern having a specific shape.

[Industrial applicability]

[0067]

The present invention is applicable to a process for producing a magnetic recording
medium for use in a hard disc drive apparatus and a magnetic recorder and reproducing

15  device.

While preferred embodiments of the invention have been described and illustrated
above, it should be understood that these are exemplary of the invention and are not to be
considered as limiting.

Additions, omissions, substitutions, and other modifications can be made without

20  departing from the spirit or scope of the present invention.

Accordingly, the invention is not to be considered as being limited by the foregoing

description, and is only limited by the scope of the appended claims.



el ectromagneti c conversion characteristics, by the same way as in the
Exanple. And as a result, a lot of defects of the nagnetic recording bits
were observed at the truck in the 5 vicinity of the inner circular domain 3
of the non-magnetic substrate 31. The cause of defects of these nagnetic
recording bits was unevenness in the fi% t hi ckness of the resist solution
applied to the vicinity of the inner cifcular domain 3 of the non-nagnetic
substrate 3paiandaiieage the accuracy of devel opi ng of magnetic recording
pattern in the photolithography becane insufficient, thereby form ng no
magneti c 10 recording pattern having a specific shape. [Industri al
applicability] [0067] The present invention is applicable to a process for
pr oduci ng magneti ¢ recording nediumfor use in a hard disc drive

appar at us 3n6 PEOGRELIRE PrOdUsing & ARASReUGISCOTdMEGBe IR SOMPESing A magnapsilpxer
preferred enbodi nents of the invention have been described and illustrated
above, it dbomihglstopofifutmingt omdgriehatayehebichacwesxeamhgneyic oécordiag ipaweant i on and
are not to be considered as limting. Additions, om ssions, substitutions,
and ot her R { dis@likORsh-Fasndie siBIRteMalviidtin opéRing pRAGE thEGehtbO Mt SPi rit or
scope of the present invention. Accordingly, the invention is not to be
consi dered i L, 4.e . f i i oL i

T ted by PRCErie dbebn kol yBhER0R: TR G B 1o ARng Solle)
process for producing a magnetic recardin di ym conprising: a nmagnetic

| ayer for AP Slesqpéﬁmgpawr%ﬁlﬁ'gla@rﬁawgg SEB PhJmIng: ERTLBIal e o magnet i ¢
recording pattern 5 onto a disc-like non-nagnetic substrate having an
openi ng pampn-amagngiéc sibsirate on avhiohahelmiagnetic layer is formed, and a pattern forming

step of forming the magnetic recording pattern using the resist layer, wherein
10 the resist layer forming step comprises an immersing step of immersing a part of the
non-magnetic substrate in the resist solution so that at least a periphery of the opening
part is arranged above a liquid surface of the resist solution and a part of the data
recording domain is arranged under the liquid surface of the resist solution, and
a taking out step of taking the non-magnetic substrate out from the resist solution, while
15  rotating the non-magnetic substrate immersed in the resist solution around a rotation axis
extending in the direction of the thickness of the non-magnetic substrate through the

center of an opening part.

2. The process for producing a magnetic recording medium as set forth in claim 1,
20  wherein the immersing step is a step of immersing a part of the non-magnetic substrate in

the resist solution, while rotating the non-magnetic substrate around a rotation axis.

3. The process for producing a magnetic recording medium as set forth in claim 1 or 2,
wherein the rotation of the non-magnetic substrate around the rotation axis is performed

25  continuously after the non-magnetic substrate is taken out from the resist solution.



data recordi ng domain, inner circular domain | ocated between the data
recordi ng donain and the opening part, a resist |layer formng step of
formng a resist |layer on the non-magnetic substrate on which the nagnetic
| ayer is fornmed, and a pattern formng step of formng the magnetic
recording pattern using the resist |aye 1 wherein 10 the resist |ayer
formng step conprises an i mrersing steB of immersing a part of the

non- magneti ¢ substrate in the resist solution so that at | east a periphery
of the opening part is arranged above a liquid surface of the resist

sol ution and art of the data recording donmgin is ranged .under the
Caui o sur Aabte BB%s Prnrefl Smab el recafing Rt whIBRE SRS aki ng-t he
non-magneti ¢ substrate out fromthe resist solution, while 15 rotating the
non- magnet "etibtheretadon phthe serrmagnetiresubgizate aroynd theiretation axindfter thet at i on
axis extending in the direction of the thickness of the non-nmagnetic
substrat e nbn-omighetidsbstenisaakedfoudfroopharasist palution B peffbendd naesatiboFate
produci ng a magnetic recording nediumas set forth in claiml, 20 wherein
the | Mmer sh{iGeShaR tab o AadingRh@hord-MABA I bAraRAfs imAerded &n R HTRIDRkILA.
substrate in the resist solution, while rotating the non-nmagnetic substrate
around a rotation axis. 3. The process for producing a magnetic recording
medium as set forth in claiml or 2, wherein the rotation of the

non- magneti_c_substrate around the rotation axis_ is perforned. .25

cont i nuous Py B prasess Fr presicHghargnetis resrording mefim agsshiasthinclaym he resi st
solution. 31 4. The process for producing a magnetic recordi ng nedi um as
set forth wherimihnr@atiomblthe non-tiagnetat substeate diiringhthe nom-nmaggetét substsatbid r at e
around the rotation axis after the non-magnetic substrate is taken out from

the resi st japlkribd QNthé SesREEIIAIGRH pRifornéddtatrb@fioh M€ ranghigdhen 35Mansdcat  of
during the non-magnetic substrate is inmersed in the resist solution.

5.
The proges ' nekLi e i.um in claim
e G e L e Rt L
non-magnet Itzﬁ(ersl ‘63[5 (gn’af tt.lrlee I'IeSSiSt solution is performed at a rotation rate ranging from 5000 to

6000 rpm.

6. The process for producing a magnetic recording medium as set forth in any one of
15  claims 1 to 5, wherein the non-magnetic substrate has a diameter ranging from 15 mm to
100 mm, and distance between the data recording domain and the opening part in the

direction of diameter of the non-magnetic substrate ranges from 2 mm to 3 mm.

7. The process for producing a magnetic recording medium as set forth in claim 1 or 2,
20  wherein the resist layer forming step is a step of arranging a plurality of non-magnetic

substrates in the direction of the thickness of the non-magnetic substrate.

8. The process for producing a magnetic recording medium as set forth in claim 7,
wherein the plurality of non-magnetic substrates has a distance of not less than 12 mm

25  therebetween.



imersed in the resist solution is perforned at a rotation rate ranging from
350 to 500 10 rpm and the rotation of the non-magnetic substrate after the
non- magneti ¢ substrate is taken out fromthe resist solution is perforned
at arotation rate ranging from5000 to 6000 rpm 6. The process for

produci ng a magnetic recordi ng nmedi um ag,set forth in any one of 15 clains 1
to 5, wherein the non-magnetic substraté™has a dianeter ranging from 15 nm
to 100 nm and di stance between the data recordi ng donain and the opening
part in the direction of dianeter of the non-magnetic substrate ranges from
2 Mmto 3 m 7. Theegr%cess for pr.odﬁci.n a_magnetic recordi ng nmedi um as
set forth P CrPRIQrEGPrIsT andgPafiying AR cPRET SRS ARG HoNY Bt ep i s a
step of arranging a plurality of non-magnetic substrates in the direction

of the thi Exd8ER agdrivipgpHbhichghaes the smagaeticareeordimg merkumyip ghesdiracpn pf oduci ng
a magnetic recording nediumas set forth in claim7, wherein the plurality
of non- magprEbrding Whabgretie hedildmvmgdi ist@dmg paft andta regrsdudihgparl, 2 means 2&r

t herebetween. 32 9. A mmgnetic recorder and reproduci ng device, conpri sing:

a magned i C{Remy b %@M&&el&ti@rtbmﬂaé}ﬁﬁ& réabdifle AlelNRS ahB 8 rBRamagi C
recording mediumin the direction of retording, a magnetic head having a

recording past._and a reproducin art, .a neans .for . vin h netic
nead el ot Pob Pt e ERLrEng BacBt o a R o o ot B s B
reproduci ng signal treating nmeans for inputting a signal into the nagnetic
head and FOBEPGEIE HPUPHt Signalfrom thpyapgaetic head @hsisimet i ¢ head, wherein the

magneti c recording nmediumis one produced by the process for producing a
magnet i ¢ r ethenagngticredouingrsedien if ond prodnced| tyi the prosessZor producing a

magnetic recording medium as set forth in claim 1 or 2.



