20 ‘Cct ober 2005 MASTER CARRI ER FOR MAGNETI C TRANSFER BACKGROUND OF THE

| NVENTION Field of the Invention The present invention tes t ster
carrier for magnetic transfer carrying information t&a{{ e(%cgt e%n%fog}rﬂd
magnetically to a slave nmedium Description of the Related Art In a
magnetic transfer nethod, the surface of the substrate of a master

carrier, coated w%ﬁ a rraﬂc;]&gti c_material havi n%ea "l and/ groove" pattern
that corresponds &% nFdriefRoR FoR ACNERLE cFRBNSFEB brought into

intimate contact with the surface of a slave nmedi um having a nagnetic
recording portion. In this state, a transfer field is applied, and a
magneti zation pattern corres%ondi ng to information (for exanple, a servo
signal) carried by t heBR&EEFEEPUNRr PFedHEs INVENSHON ed and recorded on the
magnetic recording portion of the slave nmedium Such a nmagnetic transfer
nmet hod is disclosed, for Eakhlel the THpegrEon Unexani ned Pat ent

Publi cati on Nos. 63(1988)-183623, 10(1998)-40594, and 10(1998)-269566. The
‘master carrier tH Presgsédineenhbopadletantofemastexonstiact o of a
siflicon substrate, a glass substrate, or the like. The substrate has a

| and/ FESBRE atieés o Rarui 09 b faighetien nehat i b byaphbdeotéd hogr aphy,
sputtering, etching, etc. It is also possible to generate the

af or eMEARTIEP L R0 0@ ddarve ausiium.

Description of the Related Art

In a magnetic transfer method, the surface of the
substrate of a master carrier, coated with a magnetic material
having a “land/groove” pattern that corresponds to information
to.be transferred, is brought into intimate contact with the
surface of a slave medium having a magnetic recording portion.
In this state, a transfer field is applied, and a magnetization
pattern corresponding to information (for eXample, a servo
signal) carried by the master carrier is transferred and recorded
on the magnetic recording portion of the slave medium. Such a
magnetictransfern@thodjj;disclosed,jkn:example,jleapanese
Unexamined Patent Publication Nos. 63(1988)-183623,
10(1998)-40544, and 10(1998)-269566.

The master carrier that is used for magnetic transfer
is constructed of a silicon substrate, a glass substrate, or
the like. The substrate has a land/groove pattern formed with
a magnetic material by photolithogréphy, sputtering, etching,
.etc. |

It is also possible to generate the aforementioned




master carrier by utilizing the |lithography being used for sem conductor

device fabrication or the stanper generation techniq ei.n us;& 0
generate an optical disk stanper. To enhance the qual?§§95¥x$Fﬁh 8# in the
af orenenti oned nmagnetic transfer nethod, it is extrenmely inportant to
bring the master carrier and the slave nediuminto direct contact with

each otpher.w thout .a gap. |f .tthe contact between the two is poor, regions
- where n@%ﬁ%FFCCFFgﬁgfeggiEtﬁ&ﬁz&QETG&ﬁe&l%ﬁpgréééﬁrbelmg wgGeetfiar transfer
i'S not gertorngd, ms ing signals occur in the magnetic information
transf e TBYCPBURECS| HG81REdTGRTANE L 1PRePEf 6hE BhamPrgnalengualtiiop i s
reduced, In the cgsé where a signal recorded is a servo signal, the
trackin e?ﬂﬂ%ﬂ?%n EaRHotSeHe toupEnerahel gnopphinad, dasd staswerent|y, there
is a problem that reliability wil] be reduced. In addition, in the
magnet i ¢ transf er LAEPRBACEILNE Frehity af $apanéses loidxaafacdnPaténned
Publication No. 11 (1999) -117800, a magnetic recording nediumis

magnet i2EHF T hiadvaRRRL PR BRENOM r Bt i BreXTherebyt Brpontanst bp bainger with
a soft netic layer is brought into direct contact with the magnetic
recor di'fr%'g’q‘?‘i?&iedfn?a Ry rdidrerlayemedismapptpeatitert kondpwdsi th
direction.. ln this way, nore satisfactory transfer i's made possible. In

t he af oeraeCH:éﬁFSSHe"Hl?%%WéP @k ri &t thecoadaca bgtveen thestweds poond that in
the case where the |and/groove pattern on the substrate corresponding to

t r ansf &r*9HHYT A oh Rao9ethedtranstsn dmdiet ikengewnedl witheostape of the

top of ch land in the_ | and/ groove pattern has influence on a transfer 2
20 Oct gﬁ:grm%@stlc transfer is not performed, missing signals occur

in the magnetic information transferred to the slave medium and
therefore the signal quality is reduced. In the case where a
signal recorded is a servo signal, the tracking function cannot
be sufficiently obtained, and consequently, there is a problem
that reliability will be reduced.
In addition, in the magnetic transfer method disclosed
in Japanese Unexamined Patent Publication No. 11 (1999)-117800,
a magnetic recording medium is magnetized in advance in one
direction. Thereafter, a master carrier with a soft magnetic
layer is brought into direct contact with the magnetic recording
- medium, anda transfer field is applied in the oppositedirection.
In this way, more satisfactory transfer is made possible.
In the aforementioned master carrier, incidentally,
‘ it has been found that in the case where the land/groove pattern
on the substrate corresponding to transfer information is formed
 from a magnetic material, the shape of the top of each land in

the land/groove pattern has influence on a transfer




characteristic. As indicated in experinents to be described |ater, a
plurality of different master carriers were generat ed,zoma)g:r%%tﬂe% 2t0r0%nsfer
was performed on a slave nmedium by enploying the mastér carriers, ‘and the
quality of transferred signals was confirned. As a result, it has been
found that there are cases where depending on the generating condition for
t he mast,er carrier,.the signal quality is inferior to the signal quality
in the Aot 5 SEbfiventi onal method in which signal's are recorded

directly on the slave nmediumby a magnetic head, etc. After the
confirmation of thR KHFESH tReCKRRILGLBEFeto Rt tessrdhachd afgey en

carrier . it has been found that the flat shape of the corner of each |and
in the %W&%@ef FhffeFanhae SteyFast ieasl te¥R geos raitgoal mggaetiy. For
exa-rrplng in Ehe case of slave disk nedium a |and/groove pattern for

i nf or metiYH Lo MASSBBREP RYS @ haselave slagiaim hasenp I ithy oistect angul ar
or square |ands el ongat ed in the direction of the track width (radial

di rect (BHTLe%r eRdstrasmalitgas peensfeunadisisindys washconfitmedd corners
is fornmed at right angles w thout being chanfered, it chips when the

mast er 57 FSSU q~51 } epeatharny fepradgtiat gb@réia@c@ase@wﬁl@m oependirg sl ave
medium__It _has al so been found that the chipped corner produces dust

par t i cl°8s thfi ERNGEPEIRuSeNEhklonuEeT thhelegsde@at conrokry r bhefsigmal si gnal s.
Judging fromthe fact nmentioned above, it is necessary to chanber the

cor ner g‘“@fll&‘(cﬁq aftf B Aheq dif grispval parakity imdoveverasétohas been
~found that in the case where the corner 20 October 2005 is chanfered into
the sh&P8VEFtddcmedhog dn vhéchaghorade are recorded directly on

the slave medium by a magnetic head, etc.

After the confirmation of the shape of the land/groove
pattern on the master carrier, it has been found that the flat
shape of the corner of each land in the land/groove pattern has
a great influence on signal quality. For example, in the case
of slave disk medium, a land/groove pattern for information
corresponding to a servo signal has a plurality of rectangular
Or square lands elongated in the direction of the track width
(radial direction). 1In this case, it has been found that if each
ofthe4cwrnersisformedatrightangleswithoutbeingchamfered,
itchipswhenthemastercarrierisrepeatedlybroughtintodirect
contact with the slave medium. It has also been found that the
chipped corner produces dust particles which will cause the
quality degradation of transferred signals.

Judgingfromiﬂuafactn@ntionedabove,ji:isnecessary
to chamber the corners of each land of the land/groove pattern;

However, it has been found that in the case where the corner




of the radius of the rounded corner has influence on the quality of
transferred signals. That is, master carriers with a gif%e%eﬁt I ggded
corner were generated and various experinents were madd O eFeéﬁ t to
the radius of the rounded corner having influence on signal quality. As a
result, it has been found that if the radius R of the rounded corner is
“increased, the_rounded corner _causes recording loss to occur in a transfer
field appl FRamhRERd #BEAethe shameref AsCpHerndAred @i t Rhehwagndtudecarri er
and the _slave nediumheld in direct contact with each other. Because of
this, the thggrediyst pbihmreundeforperebhashanslueacat e guadibsy

inconpl ete, and distinct signals cannot be recorded. If the radius R of the
r oundedPEbraBe fes redduics ls r e@badiity Tasker sarsiaredidid dhéfeteont t he
quality of transferred signals is enhanced. In this case, if magnetic

t r ansf ORI GaIgreesepienal d tgd gind Vassoby enpenyindre: srvstrer mader i er.,
signal quality is reduced. Fromthis fact it has been found that (1) the
cor ner YBfth fesrasd ta thseradieg? gfobve neamdechncehigs havang thEéluanpped
pieces remain on the |and/groove pattern, and (3) m ssing signals occur
due t o Poorigarheual ittansfera Paseltul B Ihas Hearhdosndr ahetcagathey of the
slave nmedium.is increased, the |ands and grooves in the |and/groove

pat t er FFHUH&K péstlee raidest cososmelfi erreBerdhusdeofotuhilsd cormhémbility
must be enhanced while ensuring the conpatibility between the conflicting
requi r ETEHISS deadislipaetensi on asfcwadage tians fdre flisdd apphéed winen he

I'and/ groove pattern and the reduction 4 20 Gctober 2005 in recording | oss.
magnetic transfer is performed with the master carrier and the

slave medium held in direct contact with each other. Because
of this, the magnetization pattern formed on the slave medium
becomes incomplete, and distinct signals cannot be recorded.
If the radius R of the rounded corner is reduced,
recording 1loss is reduced and therefore the qualityof transferred
signals is enhanced. In this case, if magnetic transfer is
performedapluralityof timesbyusing the master carrier, signal
quality is reduced. From this fact it has been found that (1)
the corner of the land in the land/groove pattern chips, (2)
the chipped pieces remain on the land/groove pattern, and (3)
missing signals occur due to poor magnetic transfer.
Particularly, if the storage capacity of the slave
medium is increased, the lands and grooves in the land/groove
pattern on the master carrier become finer. Because of this,
reliability must be enhanced while ensuring the compatibility
between the conflicting requirements of the prevention of damage

to the land corners in the land/groove pattern and the reduction




The present invention has been made in view of the problens nentioned
above. According, it is an object of the present invention to provide a
master carrier for magnetic transfer which is capablg%opcgﬁhgﬁc?ﬁé5the
quality of transferred signals by a reduction in recording |oss, also
enhancing durability by the prevention of damage to a | and/ groove pattern -
formed on the ster_carrier, and preventing poor magnetic transfer, when

per f or m*hg" Tegret?E t93%sfer by applying a transfer field to the master
carrier and the s|ave nmediumbeing held in direct contact with each other.

In addition, in tHe RersmndiBredtmydeas Peemnetds in disewpafttlees have
to be rerrcﬁ%/ed at a high level, because one or two flat master carrier are
br oughtPTRIER MRt bk dhcabareh AeFerslidg orithdish adi g esft &l the medi um
| f dust particles are present on the intimte contact portion, stable
magnet iRE 5% Hs Ve Rttt t D e patids nednaieer | perebex i Bor magnetis a
possibility that the master carrier or slave nmediumitself will be
damaged s istevhaghets eapabhe pérenhataing dhe arabity pfasmansfersedppl i ed
on the nmaster carrier and the slave nediumto perform whole-surface
cont actS1Blaudy of wafuction dagragdardinmsiess, islsepusharcangar ge nunber
of times, and the nunber of intimate contacts is increased, the soft
magnet i@ MR thoPiekh o Preven tders of adanage depar hard/ gnoohe Patep:n The"
separated portion on the intimte contact portion reduces the quantity of
tr ansf &8I Singridies Masdede GRadFdevhandumaisventying pover mesgrettarri er. 20
Cct ober 2005 Based on the result of an analysis perfornmed on the separated
por t i o TGP SERE 1 s e mEgFdoraingy eegnet isad drewfeniw applying a

transfer field to the master carrier and the slave medium being

held in direct contact with each other.

In addition, in the aforementioned magnetic transfer,

dust particles have to be removed at a high level, because one

or two flat master carrier are brought into direct contact with

one side or both sides of a slave medium. If dust particles are

present on the intimate contact portion, stablemagnetic transfer

cannot be performed and, in addition, there is a possibility

that the master carrier or slave medium itself will be damaged,

In the magnetic transfer, relatively strong pressure

is applied on the master carrier and the slave medium to perform

whole-surface contact. Because of this, if magnetic transfer

is repeated a large number of times, and the number of intimate

contacts is increased, the soft magnetic layer formed on the

substrate is separated in this .step. The separated portion on

the intimate contact portion reduces the quantity of transferred

signals and degrades the durability of the master carrier.




that the master carrier is considerably deformed during the intimte

contact between the master carrier and the slave nedi EE\ 0 gng th?Q1
separation of the softmagnetic |ayer occurs particul arly c&f grp 88 wher e
t he amount of deformation is great. Furthernore, in the magnetic transfer,
relatively strong pressure is applied on the master carrier and the slave

nmedium and in the whol e--surface_.contact state,. a transfer , fiel is
appl i ed. Thereaf t]?‘(i?}‘g,eqoﬁ’é1 EFSB4 r?tra%n@ﬁ%&sﬁ d?/%rﬁ%ﬂ?%%o%rtg‘e
nmechanically separated from.each gQther, or pressuri.zed air is_introduced
througrﬁql?‘?e‘-yétﬁﬁ PGt CinP Eridift SR TpBRESh Bet e lt%:hg‘aﬁalé‘?%?fcoé’r‘} er and

the slave nediumto separate themfrom . ea other. Next, the ster

carri erthfd thfe Mashe RAERRAS SRVES % %ﬁ%ﬁ(o‘i‘%n%yt cuum
suction. Because of this, if magnetic transfer ia r@g&it ed a great nunber
of ti medtimade rapheftLatapen Hor Mg ten e KhsPHd fi-rle wear ,
abrasi on, separation, chipping, and edge deformation during the

af or emétitd Belusspapstienmdethr At fy mag SR HPEEPEMRTHI DA tthe shape
~of a pattern to be transferred will change and the uality of transferred
si gnal €twid PlFCe athfed the prpadt OTFR G i1t iR cont act portion
w Il cause mssing signals and reduce the quality of transferred signals,
and (3) the dur aBAFtb@rmerey hd ddifePagrrtier Whans ise ddgiidded s hbr e
specifically, the magnetic layer forned on the ".l|lands" on the substrate
of . 't hEtHRSCePTeaPHIEr 1 BARIMESSH MThIFEF BASERFoBRF I 28552t 1% Séd® and
abrasion, or is separated fromthe substrate. In addjtion tr%e_ dge of the
magnet e dPerandiipsths e TG COPLFeF PtiFined HERRSRET . her nor e,

dust particles adhere to . .
' is applied. Thereafter, the master carrier and the slave medium

are mechanically separated from each other, or pressurized air
is introduced through the outer circumferential portion. between
the master carrier and the slave medium to separate them from
each other. Next, the master carrier and the slave medium are
moved away from each other by vacuum suction. Because of this,
if magnetic transfer is repeated a great number of times, the
magnetic layer formedon the substratewill undergowear, abrasion,
separation, chipping, and edge deformation during the
aforementioned steps. Consequently, there is aproblemthat (1}
the shape of a pattern to be transferred will change and the
quality of transferred signals will be reduced, (2) wear powder
on the intimate contact portion will cause missing signals and
reduce the guality of transferred signals, and (3} the durability
of the master carrier will be degraded.

More specifically, the magnetic layer formed on the

“lands” on the substrate of. the master carrier becomes thinner




the direct contact portion between the nmagnetic |ayer and the slave nmedium

and cause scores to occur in the nmagnetic |ayer. Ther%agt er, -ROogp,eont act
i G CThoSeTi 0B
occurs between the naster carrier and the slave nedi dm “Thus, i cones

difficult to performstable .nmagnetic transfer repeatedly. The present
i nvention has been made in view of the problens nentioned above.
Accordi ngly, another object of the present invention is to provide a
nmast er Sa¢rierwear anmdtiasiamanst és whbelatsdcipahl ehef spbsyeaténg t he
wear, abrasion, separation, chipping, edge deformation, etc., of the
magnet i €0 aKdghiéd onal gee edenet nhedwrgidtid Yayvandhipevenditig pagrictiansf er,
when perform ng magnetic transfer by applying a transfer field wth the
mast er tRYer drecomes hergsiowes .neHiinthbéehdre p digte gl radntiact adneth €ach
other. In addition, in the magnetic transfer nethod nentioned above, the
i nf | uerfeee ofizeate ragristdtzipeg thicel dedwetche thegnayheticetaydirngnaegham i s
slight because of the application of a static field, as conpared with a
convents g reetivon wrid eaomer atdoare swhicc bebarpenf ohaadagise Dic a1 apgnet i ¢
head. However, in the case where a transfer field is applied after the
i nitialTI3Teadpet ipcati oonthca caguesiloetesat dhrgnmaedicdntagsieh andagnetic
transfer nethod disclosed in Japanese Unexam ned Patent Publication No.
11(199%hel $180€, mefigvm. | STraisedd bectmks diker i Gt pbeFo 205 4n1fd uence of
a demagnetizing field on the magnetic |ayer of the magnetic recording
medi ummagne tian i arsffd mcedentreatior di ng  nedi a for | ongi t udi nal
magneti zation, there is a tendency for

The present invention has been made in view of the

problems mentioned above. Accordingly, another object of the
present invention is to provide a master carrier for magnetic
transfer which is capable of preventing the wear, abrasion,

separation, chipping, edge deformation, etc., of the magnetic
layer, also enhancing durability, and preventing poor transfer,
when performing magnetic transfer by applying a transfer field
with themaster carrier and the slavemediumheld in direct contact
with each other.

Inaddition, in the magnetic transfer method mentioned
above, the infiuence of a demagnetizing field on the magnétic
recording medium is slight because of the application of a static
field, as compared with a conventional servo write operation
which is performed using’a.magnétic head. However, in the case
where a transfer field is applied after the initial DC
Imagnetization of a magnetic recording medium, as in a magnetic
transfer method disclosed in Japanese Unexamined Patent

Publication No. 11(1999}-117800, there is a need to take the




~a magnetization transition region interval to shorten to neet the
hi gh-density requirenent of storage capacity. In recordi di a.Lp which
t he magneti zation transition region interval has sho%geﬁgtPﬁgfeggp cases
where because of the influence of a denagnetizing field during magnetic
transfer, a shift wll occur between a pattern on a master carrier for
magnetic transfer and a magnetization pattern on a magnetic recording
medi umirhialuence odcardenagneor ding fiethenpaheanagodtihd apest ef caeri er.
That is, there are cases where a desired nmagneti zation pattern cannot be
r ecor derhgrosiur @t sdgo oii g megrhetn cinec ocdn npdearat iom andin theref@tey each
magneti zation transition region wll be shifted fromits original
posi t i emedikhef chilfongdft uidie aingrefrictdtziadn oy, abietrieon sphatendéhay fos, the
shift of a magnetization pattern fromits original position wll have a
great ianflagewds zait ildre taeeuiacorofregdenr dntgrand tbephoduehi 68 mdat are
performed through a magnetic recording nedium Particularly, in the case
wher e itfeohighi-dantotberequnshent ed sSopageroapaiignal , Thr sekofging
performance is reduced and reliability is reduced. The present invention
has beerdimdéniwhidiewhef mhdre tibClioRt BNOES] oMt irergdrabavervacaes i ngl y,
still another object of the present invention is to provide a master
car r i eshdmrenmdnietrec dreansfsass tadird beapaid e dfthHechitlivgnee desided 8 20
COct ober 2005 for magnetic transfer that is capable of recording a desired
magnet deataigore tiatiner Hi ©hd alurveigrehbgneedorciaigs fedi areivd £hwa 1hi gdcudegr ee of
accuracy.
' between a pattern on a master carrier for magnetic transfer and

a magnetization pattern on a magnetic recording medium that is
recorded according to the pattern of the master carrier. That
is, there are cases where a desired magnetization pattern cannot
be recorded accurately on a magnetic recording medium and
therefore each magnetization transition region will be shifted
from its original position. | )

The shift of the magnetization transition place, that
is, theshiftof amagnetizationpatternfromitsoriginalposition
will have a great influence on the accuracy of recording and
reproduction that are performed through a magnetic recording
medium. Particularly, in the case where information to be
transferred is a servo signal, tracking performance is reduced
and reliability is reduced.

The present invention has been made in view of the
circumstances mentioned above. Accordingly, still another
object of .the present invention is to provide a master carrier

for magnetic transfer that is capable of recording a desired




SUMVARY OF THE | NVENTI ON According to a first aspect of the present

invention, there is provided a master carrier for magnet.i ransf.er,
conprising: a substrate with a | and/ groove pattern, f%&n&E&P 8ﬁlagghagnetic

material, which corresponds to information to be transferred; wherein each
of -approximately rectangular lands in the |and/groove pattern has four
round corners whose radius is from 1% through 47% (preferably 45% or |ess)

of the wifdtthmaknatcdat @ rahs@ek. thhti 5sdeébéaméeothaécbhgia§05eas@i't@cﬂled
master carrier be constructed of a substrate with a | and/groove pattern,
formed byadtieltiizbngoa S4@HPEE cged ebaiie®n ced SO 1 iy Waldg i@l eh & Bigh
deposited on an original disk having a | and/ groove pattern correspondi ng

to inforaegirer by ametakcki.l mformng nmethod (e.g. electrotyping) . It is
preferable that the substrate have nickel as its main conponent. It is

al so preferabl e that the negMEhRe omareEi akveRveoing the surface of the
| and/ groove pattern of the substrate be a soft nagnetic naterial whose

coercive field is ad8okdd Ay (h BOPi £8) Lpd@sss {Hk dseakdanteyht i@ second
aspect of the present invention, there is provided a nagnetic transfer

met hod €BRPRI $Enprevedstepsmasteapphyrhgraforninagaktzengrénefdrio a master
carrier %gm ct Qgr,ZOOS conprising a substrate with a | and/ groove pattern,
whi ch i s Torne Fiom a magnetic material and corresponds to information to

be a substrate with a land/groove pattern, formed from
a magnetic material, which corresponds to information to be
transferred;
wherein each of approximately rectangular lands in the
land/groove pattern has four round corners whose radius is from
1% through 47% (preferably 45% or less) of the width of a data
track.

It isdesirable that the aforementionedmaster carrier
be constructed of a substrate with a land/groove pattern, formed
by utilizing a stamper generation method in which metal is
_deposited on an original disk having a land/groove pattern
correspbndingtoinformationbyanetalfilmfbrmingmetho&(e.g.,
electrotyping). It ispreferable that the substrate have nickel
‘as its main component. It is also preferable that the magnetic
material covering the surface of the land/groove pattern of the
substrate be a soft magnetic material whose coercive field is

48 kA/m (= 600 Oe) or less.

In accordance with a second aspect of the present
invention, there is provided a magnetic transfer method
comprising the steps of:

applying an initializing field to a master carrier




transferred, and in which each of approximately rectangular lands in the

| and/ gr oove pattern has four round corners whose radi i ro % t hr ough
47% of the width of a data track; bringing the nastergﬁapﬂg'BLeFrr%@({%i rect
.contact with a slave nedium having a magnetic recording portion; and
‘transferring a magneti zation pattern corresponding to the | and/ groove

. pattern to_ the slave dium by applying a transfer field to the master
carrier Sgﬂ%lﬁém%WEES?FE%FGHéﬁga?ofam%{qroqmp@tﬁeénn@f@ii@itmia formed case of

~in-plane_recording, the initial  DC nagnetization of the slave nediumis
perf or med PR ad%%e%tm n3erighandicogeeispongar &bl éhfoomahéopl hocbef the
slave nmedium _ In the case of perpendicular recording, the initial DC
magnet i z5FPORLBE EAe aé‘ldalvﬁéwﬁééﬁlﬂ@aqhsofpéppﬁpﬂématﬁlad\mma@giudaxtlnencﬁ?'. rection
perpendi cular to the plane of the slave nedium Next, the nmaster carrier
i's brought ‘5?1?&%dr/&iftoqs&wa@ﬂ:emmthastﬁmuslmwdrredh:uemslmhm«és:mmse, a

transfer.figl dis applied in the opposite direction fromthe direction of
the initTal +Ee® %rﬁg&éf‘?‘i%i@ﬁ% ?H e swidiner{ aredmist i craclansfer is
performed. The initial magnetization of the slave nediumis perfornmed by
magneti zi ng t he eRiigdaddenpastaricarriqr dadoediiraed domesttont th a
magnetic field having a magnetic field intensity greater than the coercive
field H® S¥athdedsie haweham nayreddia imerondia appl ittt oramf  t he
transfer field is 10 20 October 2005 performed by bringing the master
carrier and the i hifargherad nost avenabizahionte tiewctoroaspohdiny ftoeach

ot her, %nd ihen
he and/groovepatterntotheslavemedimnbyapplyingatIansfer

- field to the master carrier being held in direct contact with
the slave medium.

In the case of in-plane recording, the initial DC
magnetization of the slave medium is performed in advance in
the track direction parallel to the plane of the slave medium.
In the case of perpendicular recording, the initial DC
magnetization of the slave medium is performed in advance in
the direction perpendicular to the plane of the slave medium.
Next, the master carrier is brought into direct contact with

‘the slave medium. In this state, a transfer field is applied
in the opposite direction from the direction of the initial DC
magnetization. In this manner, magnetic transfer is performed.

The initial magnetization of the slave medium is
performed by magnetizing the entire slave medium in a
predetermined direction with a magnetic field having a magnetic
field intensity greater than the coercive.fielciHcs of the slave

medium. In addition, the application of the transfer field is

10




generating a magnetic field that has a predeterm ned magnetic field
intensity distribution. In the predeterm ned magnetic, .field int Lty
distribution, the magnetic field intensity exceedingzthCHQQ?ﬁuﬁgg ue of
an optimumtransfer field intensity range is not present; portions
corresponding to the nmagnetic field intensity within the optimumtransfer
field inten%it range, are present; and in the entire region of the slave
medi um. PRE OﬁéﬁHepgbbFP§96n9nFEﬁsm@§t$ﬁ eperie¥ etd dhepotitaltaed his is
one-half _or |ess of the coercive field Hcs of the slave nedium The

opti num £raKEf BRALIB| dntat daseey ¢Famgect sWwhtls each . Ghemesand Heheawer ci ve
field Hc3 of the slave medium_ Note that the |and/ groove pattern on the

af or emen?FBREAT1BE LR tHAgRE ey Bield Fbsitt hes papredetomineghinagmegstd er n
with regpect to a magnetization pattern transferred to the slave medi um
That is, TE%t% {Rtenadsy adds g Bowlesomy e Ine\idres pdedeie rsamedmaguetitiat i on
pattern can be obtained if the initial .nmagnetization and the direction of
a transfeleldcintensite dhymethetianardfemagngt iar  reshbrigakrissttween t he
case of a positive pattern and the case of a negative pattern. The

af or enerftF AR A Ghe Maa imuaristlare ¢ hehgads mugi i res S dEdle $iindlentsiasf er and
doubl e-si ded sjnultaneous transfer. The single-sided serial transfer is
perf or médWS RS I GaRugs ey ipor tomgg v ringtspotidiegt toonhac magneliiene si de
of a slave nedium The doubl e-sided sinultaneous transfer is 11 20 Cctober
2005 perfriGleeln pral t v ihd ndheceptinur throsdkt fintlc ditecticpntagt Wwith

both sides of a slave medium In these cases, one or two
: are present; and in the entire region of the slave medium, the

magnetic field intensity in the direction opposite to this is
one-half or less of the coercive field Hes of the slave medium.
The optimum transfer field intensity range is 0.6 to 1.3 times

the coercive field Hpog of the slave medium.

Note that the land/groovepatternonthe aforementioned
substrate may be a positive pattern or negative pattern with
respect toamagnetizationpattern transferredto the slave medium.
That is, even if lands and grooves are reversed, the same
magnetization pattern can be obtained if the initial
magnetizationandthedirectionofatransferfieldinthemagnetic
‘transfer step are reversed between the case of a positive pattern
and the case of a negative pattern.

The aforementioned magnetic transfer includes
single-sided serial transfer and double—sided simultaneous
transfer. The single-sided serial transfer is performed with

a master carrier brought into direct contact with one side of

a slave medium. The double-sided simultaneous transfer is
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master carriers are brought into direct contact with one side or both

sides of a slave nedium one or two magnetic field generation are
arranged on one side or both sides, and a transfer f?@léc%g 355??@ . In
the case of in-plane recording, the magnetic field generation neans
generates a magnetic field in the direction parallel to the slave nedi um
plane. In the case of perpendicular recording, the nagnetic field

gener at i BRTAeERSd Weletacemaatengretitef$ drbrught hatdi gestben-qerandi cul ar
to the slave nediumplane. In the case where the magnetic field is
appl i ed ¥&th hoirh ivdesf ofhe slave medium mRgRekise thaasf esneisr RS or med
‘on the entire surface by noving the slave nmedium and the naster carrier
bei ng i i@ keetcaomnieact aid breaghtotheb, dioecbyconviag +he, manetig f el d.
The .magnetic f ield generation mneans uses an el ectromagnet device or

per maneMr regfrets tbss ot &hel ssteaverdidinyMoried omhi e MRafRIt 1 tramgfer is
performed by the master carrier of the present invention is brought into
di rect ESMITItiNN Mddrs mast arcaigd®ion AhdTRdORAN HIViQURls. anihe
~master carrier has a substrate with a | and/ groove pattern, forneg froma

magnet.i @ kugasifel, £imid i scapp EbadNdIrt Bhé ¢8I DR I&@%ek%%@ﬁfn?r red.
Each of approxi mately rectangular lands in the | and/ groove pattern has f
our roufrdiecorpgersinhbseld aglinesrdts off meBnY%&he ouebs 4 HRfndhe: Widih of a
data track. The slave nmedium has a magnetic recording portion to which a

magnet i iattlon diattodrion paoal ke BebVthS isdade, mEQI hR AR . NITh G Hd8ase
| and/ gr oove pattern 12 20 COctober 2005 on the master carrier 1s transferred

by appl Pér¢xpendiceulanmsierdihyel the Atghbe 19l av€) ARAINEPata JH fkaghaped
magnetic recording
. generates a magnetic field in the direction perpendicular to
the slave medium plane. In the case where the magnetic field
is applied to a portion of the slave medivm, magnetic transfer
is performed on the entire surface by moving the slave medium
and the master carrier being in direct contact with each other,
Qr by moving the magnetic field. The magnetic field generation
means uses an electromagnet device or rPermanent magnet device.
Theslavemediumtowhichmagnetic transferisperformed
by the master carrier of the present invention is brought into
direct contactwiththemaster carrier. As mentionedpreviously,
the master carrier has a substrate with a land/groove pattern,
formed fromamagneticmaterial, which corresponds to information
- to be transferred. Each of approximately rectangular lands in
~the land/groove pattern has four round corners whose radius is
from 1% through 47% of the width of a data track. The slave medium

has amagnetic recording portion towhich a magnetization patter,

for a servo signal, corresponding to the land/groove pattern
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medi um such as a hard disk, a flexible disk, etc. , is preferred. In
accordance with a third aspect of the present inventi,gn, there i rovi ded
a master carrier for magnetic transfer, conprising: g% &E?Pgﬁfezapgh a

| and/ gr oove pattern; and as oft magnetic |ayer formed on the | and/groove
pattern; wherein the ratio (EI/E2) of a Young's nodulus (El) for the
substrate to a Young's nodulus (E2) for the soft magnetic layer is in the

range of 091'{?1'1 <mg§lt/ E%:)afri]e is-@g:a&djeééerf%?g%eagﬁﬁt%%a%o fo%%etEQJlgfé@gnet i c

l'ayer from the substrate due t ormat e nmaster carrier depends

tl R-tthe r i : i ra LSt e . syibstrat e
greatly egnchhe rel ationofyAnRidsd, & ghak %hgb'ea fnggf‘?%{:?’g PeC(BJE\;\?%IE&

(having the | and/ groove pattern) and the soft ~magne yer. t he

Young' s nedibis Qfch Be SUBsHr&t £ aRdr1dhep 5Ot sKBOLeL | C ilsayBEr@Bred.
paranmeters, various experinments have been made with respect to the

~ separation of the &bféceeyirrse wibjen, thihddt Aspatorefrehne opeeserti o of the
Young's nodulus of the substrate to that of the soft magnetic |ayer has
been der iFpEENLLANacEBrdaNnt® Riehldetloarnhshispectroierhéopresenetitnventi on,
there is provided a master carrier for magnetic transfer, conprising: a
substrat ErRERSH, | GAEPEEOBRE: pattern conprising | ands and grooves; and a
patterned magnetic | ayer, fornmed on the substrate, 13 20 Cctober 2005 f or
transf erring inf drewesorate wlh ayel apdi gpoeve vibhebernansider is

per f or nmed,;
asoftmagneticlayer formedonthe land/groovepattern;

wherein the ratio (E1/E2)} of a Young’s modulus (E1)
for the substrate to a Young’ s modulus (E2) for the soft magnetic
layer is in the range of 0.3 < (E1/E2) < 1.3.

That is, the separation of the soft magnetic layer from
 the substrate due to deformation of the master carrier depends
greatly on the relation of an elastic characteristic between
the substrate (having the land/groove pattern) and the soft
magnetic layer. With the Young’s modulus of the substrate and
the soft magnetic layer as parameters, various experiments have
been made with respect to the separation of the soft magnetic
layer, and the aforementiocned ratio of the Young’s modulus of
the substrate to that of the soft magnetic layer has been derived.

In accordance with a fourth aspect of the present
invention, there is provided a master carrier for magnetic
transfe;, comprising:

asubstratewitha land/groovepatterncomprisinglands
and grooves; and

a patterned magnetic layer, formed on the substrate,
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wherein the patterned magnetic |ayer conprises a nmagnetic |and |ayer
provided on each | and of the substrate, a nagnetic 95905§tggggr235gvided
in each groove of the substrate, and a reinforcenent portion provi ded
bet ween the magnetic land |ayer and the magnetic groove |ayer. The
generation of the master carrier in accordance with the fourth aspect is
‘made as follows. The | ands, grooves, and reinforcenent portions of the

subst rat gl er s B i P neYaMBLSon BY 2N 418 1REE LR PO HAPFa 8L £0E NT.
After a magnetic layer 1s formed on the substrate, the surf ace is

pol i shedjandcamoupageessary magnetic layer formed on the reinforcenent
portion is removed. It is preferable that the formation of the nmagnetic

llayer be perforneghbye VRCUNE bit ML EQEAT RYGHBANS 1 SPEP ASmYALHM 5
evaporation, sputtering, ion plating, etc’ In accordance wth a fifth

aspect OahhBtRECSEAN 1AJWENF OPdddIRIE da2iPRQYHIBE BnBBSLEELEREEI € for
magnetic fransfer, conprising: a substrate with a | and pattern, conprising

a plural hbyneoh ol @Rdsyd Nat ehayeo i ABENGE ke chayfEo D & SHEf &gssofagach |and,
and formed for transferring information to a nagnetic |ayer of a nmagnetic

recor di ngn e Ain ARIRIdh t2peRKkE B8Rt b B8y Dasedh N fetRoneLhéat pg fa.8hd is
made on the |and pattern so that a desired magnet izat ion pattern is

transfergg?egoahaetﬁggﬁgéhgtk@yﬁfoggetfg gpgnetic recording .14 20 Cctober
2005 nedium That is, in"the fifth aspec¥, the width of each I and

The generation of themaster carrier in accordance with
the fourth aspect is made as follows. The lands, grooves, and
reinforcement portions of the substrate are formed, for example,
by multistage exposure and etching. After a magnetic layer is
formedonthe substrate, the surfaceispolishedandanunnecessary
magnetic layer formed on the reinforcement portion is removed.
It is preferable that the formation of the magnetic layer be
performedby vacuum film formingmeans, such as vacuumevaporation,
sputtering, ion plating, etc.

In accordance with a fifth aspect of the present
invention, there is provided a master carrier for magnetic
transfer, comprising:

a substratewitha landpattern, comprisingaplurality
of lands that have a magnetic layer on a surface of each land,
and formed for transferring information to a magnetic layer of
a magnetic recording medium;

wherein a correction based on a demagnetizing field
ismade on the land pattern so that adesiredmagnetizationpattern

is transferred to the magnetic layer of the magnetic recording

14




in the aforenentioned | and pattern and the width between the |ands are
determ ned by correcting for a demagnetizing field cggpgg%nge§0258§t t he
wi dth of each of the small regions in a nagnetization pa tern transferred
to the magnetic recording nedium by the aforenentioned | and pattern
beconmes a predetermined w dth. Therefore, the width of each land in the

| and pattern of the fourth master carrier of the present invention does
~not  havg.aidirensional relation of 1:1 with respect to the width of a

- corresponding portion in the magnetization pattern transferred to the

magneti ¢ recordi ngriedi 4 ;1N HeNkQEIRLL O O A6 LR S @gcflolefrtﬂ@

magnetic | ayer of the maghetic recording  nediumis a servo signa

ROM |i ke;si gpal af@E@meﬁEEeﬁganﬂaﬁﬁeﬁg?{)gkﬁegﬁé Pfet fd%ﬁ?%é’fw&@ﬁrﬁﬁé of the

present 1nvention, each land int orenment 1 oned groove pattern has

f our roumgnagrafésd@fe@mlﬁ@@ ygfear:éﬁéem&g@f{}fc’ﬁg@emaqgr{gei Hﬂg waih of a

data track. Therefore, the mas carri er e present 1 nvention I's
capabl e eBmBBH@HE'QQ ther auad i+ ¥arpfo re%%f %rfr %ﬁ Sgﬂaﬁher ¥38nb %905' on in
recording loss, also enhancing durabil |ty e preventi amage to

t he patt % p T. er us of
e pat ghncr 20d: pLgvERkLRIPORL LEBSLET o *C‘?é pEon P e OORABR S D ack
on a dis I t
Onppl i eategeR H%f?i?f%@???%ﬁ*%ﬁ%ﬁ?*ﬁ&"@*%ave baebmBs Pt ilt ¢ 15

20 Oot obgy 4205 MdiLeach quhen): dideERgsnat shies ROERLOD. G ddedaund

corner can be prevented. Because of th nct magnetization
of the fourth master carrier of the present invention does not

have a dimensional relation of 1:1 with respect to the width
of a corresponding portion in the magnetization pattern
transferred to the magnetic recording medium. The information
to be transferred to the magnetic layer of the magnetic recording
medium is a servo signal, a ROM-like signal, etc.

According to embodiments of the master carrier of the
-present invention, each land in the aforementioned land/groove
pattern has four round corners whose radius is from 1% through
47% of the width of a data track. Therefore, the master carrier
of the present invention is capable of enhancing the guality
of transferred signals by a reduction in recording loss, also
enhancing durability by the prevention of damage to the pattern,
and preventing poor transfer.

That is, since the radius of the round corner of the
land is 47% or less of the width of the data track on a disk,
an increase in the recording loss that a transfer field (applied

to the master carrier and the slave mediuvm in direct contact
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pattern is transferred and recorded and the quality of transferred signals

becones higher than the quality of signals witten by2 %C%rgbnar% gagnetlc
head. I n addition, because the radius of the round coOrner th Pand is
1% or greater of the data track w dth, the corner does not becone
excessively sharp. Therefore, weven if the master carrier is repeatedly
brought into direct contact with the slave nedium and magnetic transfer

is perfored cachl 4eakit yu@aefa_;@@§,aﬂ hele d- i Pessik il %Mnahé‘érﬁé‘ﬁ cor ner

~will brake and chip. In addition, mssing signals due to poor transfer

caused by, br gken Rakhicekes HOcA0Se 0SEUEN: 2 r@%ﬂf&&ﬂ{&hﬁh%ﬁ&%i&y of
transferred signals can be prevented, and the nunber ransfers can be

i ncr easegh by an @NPARSEFEALd AntiNe cHWRDAAA ENe QfuaiNe St REL SREFLEK -
According to enbodinents of the magnetic transfer ? d using the naster

carrier @fighbesppeeefbsi AY§RE) Oha +HEBANLIZ8] I8N sPEhLEEMN WM L PRI GH signal
qual ity can be accurately “transferred and the durability of the master

carrier iy Be@MnarJRadwiber HfaXchangesi ofof e dmalLr far rheiukSof educed
and therefore naghetic transfer can be efficiently perforned. In addition,

the sl avenaedhufyWhd i@ TRIRELI Zaki o Wb&%f‘eéféﬂ%ﬁ&%@ddgﬁat@Pa@PSter
carrier of the present invention has high signal quality and is

| NEXPENS iy B hAGIRY ébBHeEQicief}ﬁnHE%Te%ronﬁaaéﬂéééési%%%ﬁ%@@ncerﬂ\éf@féf@ third
aspect of the present invention, the ratio (E1l/E a Young's nodul us

(El) forethe §EbﬁhéaﬁlgsﬁgraCXQHﬂQr51@9%%§E@?]§?%%ﬁ&?€r13’995d1@tfOr the

soft magnetic layer is in the range of
contact with the slave medium, and magnetic transfer is performed

a plurality of times, there is no possibility that the corner
will brake and chip. 1In addition, missing signals due to poor
transfer caused by broken particles do not occur, a reduction
in the quality of transferred signals can be prevented, and the
number of transfers can be increased by an enhancement in the
durability of the master carrier.

According to embodiments of the magnetic transfer
method using the master carrier of the present invention, a
magnetization pattern with high signal quality can be accurately
transferred and the durability of the master carrier is high.
The number of exchanges of the master carrier is reduced and
therefore magnetic transfer can be efficiently performed.

In additioh, the slave medium with a magnetization

patterntransferredby themaster carrier of thepresent invention

~has high signal quality and is inexpensive.

According to the master carrier in accordance with the
third aspect of the present invention, the ratio (E1/E2)} of a

Young’s modulus (E1l} for the substrate to a Young’s modulus
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< 1.3. In this case, even when the whole surface of the master carrier is
repeatedly brought into direct contact with the whol e, surface of Ee sl ave
medi um the separation of the soft nagnetic |ayer fr&#lﬁﬁéoﬁﬁﬁs?Pg e of
the master carrier can be considerably reduced even at a greatly deforned
portion of the master carrier. |In addition, mssing signals due to poor
transfer caused by separated particles do not occur, a reduction in the

Cquality (pb)tr@anshersse si tS_’LcC@QKQE & eyented, ng‘%gof@.?gnp@féﬁ)t he

transfers can be increased by an enhancenent in t urability

master car{igr. Aceandi RYsE O 4-he, MBSLerneafhdeL 4t Ldapce IM!{%M he

fourth aspect of the present invention, the patterned nagnetic ayer

conpri segaariBgnel kepkabdah dusio RV ded Pn-&ac t%?h?ﬁétovhbtﬁ RecsybsiLate, a

magnetic groove |ayer provided in each groove of the substrate, and a
rei nf orcgieRrk R4 kAR Qién’x}/e% ﬁ\;%gil&ﬁt,"‘%é‘ sd}& SBIREL E G HARd chay ety and- t he

magneti c groove | ayer. | case, the magnetic | and | ayer Ichis

repeat edh ¥y B QUG £ hdEAbsBih 86T FCONE AGk tWirl b 1 1e 5L AN § B LR Sy ) nf or ced

at the circunferential edge portion by the reinforcenment portion.

‘Ther ef or geqhiREqWRAL 2 B8R §84 9P v SRR A0 0 r Cb P BIENGh e ﬁggferdeélg;;i%{i on,

etc., of the magnetic | ayer can be prevented, the durability e master

carrier s sahapesd, Abdsihg 9LoMiiensg. of POOF transter is,prevented.
Stabl e magnetic transfer can be” repeatedly perfornmed, whereby reliability

can be epbgnsgdedRYLLPEEIDL o tAS: MBSLEF, CArLd &l 1L RACGONIAANGH, M £, t he
fifth aspect of the present 17 20 Cctober 2005

of transferred signals can be prevented, and the number of
transfers can be increased by an enhancement in the durability

of the master carrier.

According to the master carrier in accordance with the

fourth aspect of the present invention, the patterned magnetic

- layer comprises a magnetic land layer provided on each land of

the substrate, a magnetic groove layer provided in each groove

of the substrate, and a reinforcement portion provided between

the magnetic land layer and the magnetic groove layer. 1In this

case, the magnetic land layer which is repeatedly brought into
direct contact with the slave medium is reinforced at the
circumferential edge portion by the reinforcement portion.
Therefore, the wear, abrasion, separation, chipping, edge

- deformation, etc., of the magnetic layer can be prevented, the

durability of the master carrier is enhanced, and the occurrence

of poor transfer is prevented. Stable magnetic transfer can be
repeatedly performed, whereby reliability can be enhanced.

Furthermore, the master carrier in accordance with the

fifth aspect of the present
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invention is equipped with a pattern having a shape determ ned i n view of

the inf luence of a demagnetizing f ield. In this cas§ Oa SI rgg
magneti zation pattern can be recorded with a high degf8e CBP gtc géy on a
magneti c recording nmedium Since a desired nagnetization pattern is
recorded with high f idelity on a magnetic recording nedium information
based on the nagneti zation pattern can be accurately r epr oduced.

Par ti cul anvgntion tiee eeasepstewe tht Aepd td B Ad Ozﬁév&eﬁéﬂﬁ'ﬂed
-accuracy of tracking is enhanced. BRI EF DESCRI P IO\I THE DRAW NGS The

present inwerti of tiiel 1nbBuERSE Id S didnta griditiiham 8@1@1& wi i hekesgnce to the
acconpanyi ng drawi ngs wherein: Figure 1A to 1C are di agrams show ng the

steps ofa deBigBahiayridtanialon B PEEr WobalbdIs88 0 21BBSi®h £RH QiegC:QaQsS”UCt ed
according to a first enbodi nent of the present invention; lgure 2 is a

pl an vi estf sy fen | angioove Ratd &iihg e dBdy O”Stlif'a‘%e”'eaStd%'sﬁ%H' er,

Figure 3 is a sectional view show ng the essentl al part of a master

carri er sy iedtaithbrag & OF 8 Y st b SREPR: B RBY ﬂ']‘ﬂedétllfﬁf {% a‘?;L )
e ITHS er

i nvention; Figures 4A and 4B are sectional viéws show

Carr'erﬂéﬁdﬁﬁﬁﬁ§ﬁ@@1uﬁlQ%E%&ﬁ@@ﬂdﬁﬁ%%éﬂ@n@ﬁ%Hl efPQQ%ESnE%Eﬂ%ﬁHEDS for

magnet|c transfer; Fi gure 6 is a sectional view show n carrier

‘and a n&gﬂﬁbbcaé@@@éﬂéng f@ﬁkéﬂﬂcéﬂﬁj @%r%QCGE%QQ%ﬂ ggoéhe case where
the information is a serve signal, accuracy of tracking is
enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

The présent invention will be described in further
detail with reference to the accompanying drawings wherein:

Figure 1A to 1C are diagrams showing the steps of a
‘magnetic transfer method which uses a master carrier constructed
according to a first embodiment of the present invention;

Figure 2 is a plan view showing the land/groove pattern
formed on the master carrier;

Figure 3 is a sectional view showing the essential part
of a master carrier constructed according to a second embodiment
of the present invention;

Figures 4A and 4B are sectional views showing how the

master carrier is generated;

Figures 5A to 5C are diagrams showing basic steps for
magnetic transfer;

Figure 6 is a sectional view showing a master carrier

and a magnetic recording medium; and
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Figures 7A to 7C are diagrans showi ng the basic steps of a magnetic
transfer nmethod of the present invention. DESCRI PTI ON THE. PRE D
EMBODI MENTS Referring to Figs. 1 and 2, there is sho%ﬁzg ﬁ'ﬁ& EE%E
transfer nmethod using a master carrier constructed according to a first
enbodi ment of the present invention. The magnetic transfer nethod uses

i n-pl ane recordin as showmn in Fig. 1. Note in Figs. 1 and 2 that the

di mensi ons of eac%lﬁﬁﬂesa?fé tghdwnaratdiggrmnisosipiieg hhefvamid beepst ual

di mensi ons ~The magnetic transfer nmethod using in-plane recording wll be
outline@f AsT8RGRE Licn LRpg s feA memhiodi vifalthei pgebieltd indemtiorf.i rst appl i ed
to a slave nedium 2 in one direction along the direction of a data track
on a disk to perfBERCRAPTIGN ORFafHEBt PRAFEBREPDEMBODANEMTISZzat i on). Then, as
shown in Fig. 1B, the slave surface (magnetic recording portion) of the
sl avenedi um 2, aRefeheirvgprautifgmcelodnd iy khrdepattshiow32amatinanic
information carrying surf ace consisting of a soft nagnetic |ayer 32
(magnet FEangéesr hathodonsédgon mamteroseopiet andhgtooveefaktebndfngt he
substrate 31 of a master carrier 3, are brought physical contact wth each
ot her. ¥@ @hbisshtenmpiditent nof rote pomsdeant inaehtdnraf.er Thei ghdnbdici s
applied in the opposite direction fromthe direction of the initializing
field HrpeRaipernethrdugpesi tntpbaséerecdheingy ansf ehotvheld Fdy.i 5. passed
through the land pattern 32a of the soft magnetic |layer 32, so that the
magnet i J@E¢ om FHgshel |t 2 phaterhe $dmens inots ©€ves Sk b atrI@eshown
magneti zation in each groove is reversed. As shown in Fig. 1C, a

magnet i Zatd ore pae t @ if ephiig hf #9m 20h&caobesl 200bensions.

The magnetic transfer method using in~plane recording
will be outlined. As shown in Fig. 1A, an initializing field
.Hin is first applied to a slave medium 2 in one direction along
the direction of a data track on a disk to perform initial
magnetization (DC demagnetization). Then, as shown in Fig. 1B,
the slave surface (magneticrecordingportion) of the slave mediun
2,.and the top surface of the land pattern 32a of an information
carrying surface consisting of a soft magnetic layer 32 (magnetic
material) cecated on a microscope land/groove pattern on the
substrate 31 of a master carrier 3, 'are brought physical contact
with eachother. Inthe state of the intimate contact, a transfer
field Hqy is applied in the opposite direction from the direction
of the initializing field Hi, to performmagnetic transfer. The
transfer field Hqy is passed through the land pattern 32a of the
.soft magnetic layer 32, so that the magnetization of the land
pattern 32a is not reversed and the magnetization in each groove

is reversed. As shown in Fig. 1C, amagnetization pattern, which
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corresponds to a pattern fornmed by both the |land pattern 32a of the soft
magnetic | ayer 32 of the information carrying surface, of th% na?hgg
carrier 3 and the grooves between the lands, is transfer &§OF sl ave
surface (data track) of the slave nedium 2. The master carrier 3 is fornmed
into the shape of a disk and has on one side of the disk an information
carrying surface coated with a mi croscopic | and/ groove pattern

cor r espbREFRFPORGSa toey Baditgaal LanBefoPieRothofNEnéandf PakhgHEL PRE | ayer
32. . The surf ace opposite to the information carrying surface is held by
i nti mat @fcdit geftimgnreitielagrew carid g snbpsughi opmaF st suréafact with
the slave nedium 2. In the magnetic transfer, there are single-sided
serial PfahBeePashenncanriey. 3 12nhd: o Whloesisd b tvsiepuithandsnssy r aAsf er .
The single-sided serial transfer is perfornmed with the nmaster carrier 3
br ought *Faprsfarredit e sheattavasunfane Glaje drachke of e statiaumediumhe
doubl e- si ded sinultaneous transfer is performed with two naster carriers 3
brought2into direct contact with both sides of the slave nmedium 2. As shown
in Fig. 2, each land in the |and/ groove pattern 32a is rectangular in
shape, the cornerBheaiarfeghanbeied 3 asdorned daegbarhasbapetof & giekcri bed
that the radius R of the circular arc of each corner is from 1% through
47% ( preferiast prusweoside axlk)thef dink atiafomEd iwndehrywing shefease of a
servo signal, the data track width Wis on the order of 0. 1 to 2 gm
Ther ef ofeated witle samécopseppidal andfackovedpat Vebei ngoorasgandhegr adi us

20 20 Cctober 2005 _
. to a servo signal and formed from the soft magnetic layer 32.

The surface opposite to the information carrying surface is held
by intimate contact means (not shown) and is brought into direct
contact with the slavemedium 2. In the magnetic transfer, there
are single-sided serial transfer shown in Fig. 1 and double-sided
simultaneous transfer. The single-sided serial transfer is
pexrformed with the master carrier 3 brought into direct .contact
with one side of the slave medium 2. The double-sided
simultaneous transfer is performed with two master carriers 3
brought into direct contact with both sides of the slave medium
2.

As showninFig. 2, each land in the land/groove pattern
32a is rectangular in shape, the corners being chambered into
acirculararc, Itisprescribedthat the radiusRof thecircular
arc of each corner is from 1% through 47% (preferably 45% or
less) of the data track width W. In the case of a servo signal,
the data track width Wis on the order of 0.1 fo 2 pum. Therefore,

in the case of the data track width W being 0.1 gm the radius
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R beconmes 1 to 47 nm In practice, it is desirable that the radius R be in
the range of 5 to 47 nm (preferably, 5 to 45 nm. If ¢t 1 ess n 5 nm
the corners will be easily damaged. If it exceeds 47ZQWPC%3 Sfdghggloss

wi || becone greater. In the case that the data track width Wis 2 ,um the
radius R becones 20 to 940 nm Al though not shown, an actual servo signal
has a land pattern shifted fromthe pitch between the data tracks by an
amount BHELOMeS bie-hanm.t hEn prechkicehel § d¢ides Rratlesbhtitmiradaushi s | and
pattern_is prescribed the sane as the aforenentioned. Note that in the case
wher e tReP$ abll/ groovangateerh tort e stivstfrenablan, df tohd Smaster Eérrier 3
is a negative |and/groove pattern opposite the positive |and/ groove
pattermttshowessn FHign 9 nm dihd lcarnesgnetildatieo e asdtlye damegrecbe If
transferred and recorded by applying the initializing field Hn and the
transf ¥t fexteledlud 7 nma, dieectdong oppesi veli cbebemaf greakteti ofirdthe
direction. In the case where the substrate 31 consists of a :ferromagnetic
mat er i afastidihads thiecklelta( Nerckmapadeh i @ its @nsfrer theamabe upeRfbededewi t hout
coating the substrate 31 with the soft nagnetic |ayer 32. However,

satisf &l oty M@renic transfer can be perfornmedbyproviding the soft
magneti c | ayer 32 whose transfer characteristic is good. In the case where
t he substrate 31 Alddrmmeigt so6f showmonrmyrettivalnaeevbatignal ilmaneckssdry to
provide the soft nagnetic layer 32. It is preferable that the soft

magnet iRAUtRer Gl Pee@1f 200 Atoheirt 0% tween the data tracks by an

amount equal to one-half the pitch. The radius R of each land
inthis land pattern is prescribed the same as the aforementioned.

Note that in the case where the land/groove pattern
on the substrate 31 of the master carrier 3 is a negative
land/groove pattern opposite the positive land/groove pattern
showninFig. 1, asimilarmagnetizationpatterncanbe transferred
and recorded by applying the initializing field Hijn and the
transfer field Hgy in a direction opposite to the aforementioned
direction.

In the case where t.he subsﬁrate 31 coﬁsists of a
ferromagnetic material such as nickel (Ni), magnetic transfer
can be performed without coating the suBstrate 31 with the soft |
magnetic layer 32. However, satisfactory magnetic transfer can
beperformedbyproviding the softmagneticlayer 32.whose transfer
characteristic is good. In the case where .the substrate 31
consists of a nonmagnetic material, it is necessary to -}-_:)rovide
the soft magnetic layer 32.

It is preferable that the soft magnetic layer 32 be
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provided with a protective coat consisting of dianond-Iike carbon (DLC),
etc. It may be provided with a lubricant layer. It is_, . further preferable
that the protective |layer consist of a DLC coat of S%Oogﬁoﬁﬁ]raagog

| ubricant layer. Furthernore, there nay be provided an intimte-contact
reinforcing | ayer, which consists of silicon (Si) , etc., between the soft
magnetic layer 32 and the protective coat. A lubricant inproves durability
degr adaPiren 1degonl Bt atthe testhuirireencat aonscartasigiue d ambniell ke, cambbrch
occurs in correcting for a shift that occurs when the soft nagnetic |ayer
32 and tR&C3l ae&cnedl tmey dre throoigietd iwittdy @odtiaet cankt bagaeh others The
substrate 31 of the nmaster carrier 3 uses nickel (N ), silicon (Si),

quart z, fykdber plrefemaimleathaystheepnatestiveybaheticot€sin,ortL.pIkhe

| and/ gr oove pattern on the substrate 31 is fornmed by a stanper generation
net hod, cegt. ofnSt he 30anpeingenenadhi Dramet hoger 8 Frottesicite f idHard s first
coated on the snooth surface of a glass plate (or a quartz plate) by

spi nni nygayhbegpasyipkdt en Thednazel-aver adtghte i nfeamiper 1ay<al, eqiHiom beam
nodul at ed according to a servo signal is irradiated while the glass plate
i s bei ngonsiatedof @iltiken €8ti) I, eepho} Weasiesdn fihleNto 8t prRfal ©IdIIREL Pat tern,
for exanple, a pattern extending in the radial direction fromthe center
of rot3%iandahtecproespahgengont.a Aelubrstgnal impsoeupoaadaph16he
portions corresponding to the frames. of data tracks. Thereafter, the
phot or edégradatimhs shevielopathet ocratrvencihe fexposes AN tHORTi ctakg,an

original disk with a | and/ groove shape consisting of the 22 20 Cctober 2005

which occurs in correcting for a shift that occurs when the soft
- magnetic layer 32 and the slave medium 2 are brought into contact
- with each other.
The substrate 31 of the master carrier 3 uses nickel
(Ni), silicon (Si), quartz, glass, aluminum, alloys, ceramics,
synthetic resin, etec. The land/groove pattern on the substrate
31 is formed by a stamper generation method, etc.
In the stamper generation method, a photoresist film
is first coated on the smooth surface of a glass plate (or a
quartz plate) by spiﬁning the glass plate. Then, a laser light
beam (or an electron beam) modulated according to a servo signal
is irradiated while the glass plate is being rotated. On the
entire photoresist film, a predetermined pattern, for example,
a pattern extending in the radial direction from the center of
rotation and corresponding to a servo signal, is exposed at the
portions corresponding to the frames of data tracks. Thereafter,
the photoresist film is developed to remove the exposed portions,

and an original disk with a land/groove shape consisting of the
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photoresist filmis obtained. Next, based on the |and/groove pattern on

the surf ace of the original disk, the surf ace is plate r
el ectroplated) , and a nickel (Ni) substrate with a p%@igF$%%eFa%8P8roove

pattern is generated and separated f romthe original disk . This
substrate, as it is, is enployed as the master carrier, or the |and/groove
pattern on the substrate nmay be coated with a soft magnetic |ayer and a
prot ect Phetpremiatdféipl byedbbsinke. Mustter bearad em the addidvigamoviche af ore
nentioned original disk is plated to generate a second original plate, and
by usi nBathkerseyohlie sorifgiasad f dihskor pyatahgliisk, petid eurgdcamepaby ea
substrate with a negative |and/ groove pattern may be. generated.

Furt her foreslediyreplated) ¢ kendseconckal i (@iinakulsskaoe WatdenpBgidikesi n
solution applied to the second original, a third original plate is

gener at &and/ andovheatitienh dsigimatatidknisqpatakd vhenetle arsyisknate with
a positive | and/ groove pattern may be forned. On the other hand, a

phot or edigk. pdPhiey aubstfatapdsort isheé sgnasio i ds et helfdd fer bar@%&gr med to
formgrooves in the glass plate; the photoresist is renbved to obtain an

ori gi napr e ik arah@rtdueree ghitéie rnacaublsé raiiss teyt dend wedoah i th
af orenenti oned manner. The netal material for the substrate 31 can use N
or aN alddfit mafmetplcal apgr retdied plrotegenerari ng dMe dmgidyetbst fate 31
can enpl oy various netal-filmformng nmethods such as electrol ess
pl ati ngrastectcaptiérng, sputterin ionplating, etc. It is preferable that
the groove depth (or land height) 23 20 Cctober 2005
Inaddition, theaforementionedoriginaldiskisplated
to generate a second original plate, and by using the second
original disk, plating is performed, whereby a substrate with
a negative land/groove pattern may be generated. Furthermore,
-byplatingthesecondoriginaldiskcn:hardeningzaresinsolution
appliedtothesecondoriginal,athirdoriginalplateisgenerated,
and the third original disk is plated, whereby a substrate with
a positive land/groove pattern may be formed.
On the other hand, a photoresist pattern is formed on
~the glass plate; etching is performed to form grooves in the
glass plate; the photoresist is removed to obtain an original
disk; and thereafter, a substrate may be formed in the
aforementioned manner.
The metal material for the substrate 31 can use Ni or
aNialloy. Theplatingmethod for generating the metal substrate
31 can employ various metal-film forming methods such as

electroless plating, electroplating, sputtering, ion plating,

etc. It is preferable that the groove depth (or 1énd height)
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in the | and/ groove pattern of the substrate 31 be in the range of 8 0 to 8
O 0O nm The range o f 10 0 to 6 0 O nmis further pretegrahble, Th rmation
of the s of t nmagnetic layer 32 is performed by fornﬁﬁgggtpﬁﬁﬁ gégr of
magnetic material with vacuumfilm form ng neans, such as vacuum
evaporation, sputtering, ion plating, etc., a plating nmethod, etc. The
magneti ¢ materjal of the soft magnetic layer 32 is able to enpl oy cobalt
(Co) , &k bhs lapdforecveaiterm oNf the eubNsTate, 3dtke)in theomappe) |
alloys wwith Fe (FeCo , FeCoNi, FeNi My, Fe ISi, Fe |, Fe TaN, etc.), N,
and ~ al P&EL kptd Nnmi Ni Flee rapide @hHa0 0 be 606 nkriesfunthehpredirabiagnet i ¢
layer 32 be in the range of 50 to 500 nm The range of 100 to 400 nmis
further preferabl EhefigarmadsitcaroLtheisat tmygbhet f orleye ri32 yeperdbirngda resin
substrate using the aforenmentioned original plate, and then providing a
soft nmefHefprmiager ©ninheawemstf atagrmirifaomteiial mesin vieeten £ilnf t he
resin substrate is able to use acrylic resin, such as polycarbonate, poly
(et hyl foppingchgbase) sucht @s, vacuuny evepboritdenr, esipmt teudngas ical y(vi ny
chloride), a vinyl chloride coployner etc., epoxy resin, anorphous p

ol yol ef Phatipal y&lst er 2 pletiPglnetiddnate . | §hpreéenabl e nedeatise bf has

noi sture resistance and dinension stability and is lowin cos t. 1In the
case whehe adidr magnetiigr tayen Jiblideab pe dduemployheygbate (Caleneiédyby

varni shing or polishing. In addition, the original disc may be provided
with a Bpth CoafCadi bgoNdat, ByNhTady, etcrhviDren- (ke haldeyedwiesin,

el ectron- beam hardened resin, 24 20 Cctober 2005 etc. It is preferable that
t he | anke heieffe, iFeGadl | draligiookealsi, FeAl, FeTaN, etc.), Ni, and

alloys with Ni (NiFe, etc.). Particularly, FeCo and FeCoNi are
preferred. It is preferable that the thickness of the soft
magnetic layer 32 be in the range of 50 to 500 nm. The range
of 100 to 400 nm is further preferable.

The master carrier may be formed by generating a resin
substrate using the aforementioned original plate, and then
providing a soft magnetic layer on the substrate surface. The
resin material of the resin substrate is able to use acrylic
resin, such as polycarbonate, poly(methyl methacrylate), etc.,
vinyl chloride resin, such as poly(vinyl chloride), a vinyl
chloride coploymer, etc., epoxy resin, amorphous polyolefin,
polyester, etc. Polycarbonate is preferable because it has
moisture resistance and dimension stability and is low in cost.

- In the case where there are burrs in molded products, they are
. removed by varnishing or polishing. In addition, the original
disc may be provided with a spin coat.or bar coat by using

ultraviolet~ray hardened resin, electron-beam hardened resin,
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pattern of the resin substrate be in the range of 50 to 1000 nm The range

of 100 to 500 nmis further preferable. The m croscopi attern he
surface of the resin substrate is coated with a soft2@a§E§P§8r|§38 to
obtain the master carrier. The soft magnetic layer is formed by depositing
a suitable magnetic material on the resin substrate by vacuum filmformng
nmeans, such as vacuum evaporation, sputtering, ion plating, etc., a

pl ati ngEhet hott gt Preferehd & ddetot hpet et iy iredbediARS/ 4ppP¥Ri mat el v
the sanme naster carrier 3 as that of the aforenmentioned in-plane recording
i s used®a¥hatnief Bbeakaryrosvespapter hei snf bhaerasae PhedQubset +BP€ 31, and
"the top surface of the |and pattern 32 is fornmed fromthe soft magnetic

| ayer (9Bft Theyreange ek k0@l o 390 macks | Bpwther theeferbbattern 32a is
rectangul ar in shape, the corners being chanbered into a circular arc. It

is prescribed thBietIMCYRRIFMWIR RALEH @ dlilcasuaiacef odathecbeadh is from
1% t hrough 47% of the data track wwdth W In the case of the aforenentioned
per pendieeFa¥ratectdrapnabedi viithap Pefhugaereiati bayes perebtabd thethat the
slave nmedium 2 is nmagnetized in one direction perpendicular to the slave
medi umBHl FRY OAEH-Stthe $haweofedirgReZ ignthydre ipabeemed bar depesBtied d i n
direct contact with each other, a transfer field is applied in the
opposi t® StitedtlomIgshihaafieicl om the rheinnbubakrahgneyi vatiwn
direction to performmagnetic transfer. Since the transfer field is passed
t hr oughf e fegtmingemean et Hbeh aB0VSCWaE FetdRe dadyicrn 32pot teménbantopat t er n
32a of the master carrier
plating, etc., a plating method, etc.
In the case of perpendicular recording, approximately
the same master carrier 3 as that of the aforementioned in-plane
recording is used. That is, a land/groove pattern is formed on
the substrate 31, and the top surface of the land pattern 32
is formed from the soft magnetic layer (soft magnetic material)
32. Each land in the land pattern 32a is rectangular in shape,
the corners being chambered intoacirculararc. Itisprescribed
that the radiué R of the circular arc of each corner is from
1% through 47% of the data track width W.
In the case of the aforementioned perpendicular
record_ing, initial DC magnetization is performed so that the
slave medium 2 is magnetized in one direction perpendicular to
the slave medium plane. With the slave medium 2 and the master
' ~carrier 3 held in direct contact with each other, a transfex
field is applied in the opposite direction from the direction

of the initial magnetization direction to perform magnetic

transfer. Since the transfer field is passed through the soft
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.3, the per pendi cul ar magnetization of a portion corresponding to the |and
pattern 32 is reversed. In this way, a magnetization at.t pondi ng
to the | and/ groove pattern can be recorded on the SI§@ bﬁ&SEﬁ %68$
sl ave nmedium 2 uses a magnetic recording disk, which has a nagnetic
recordi ng portion (nagnetic | ayer) formed on one side or both sides, such
as a hard disk, a high-density flexible disk, etc. The nmagnetic recordlng

port i onmiagnﬁb_ﬁgt}%?Jéé?opfath%da?tnq 5 GRighePcof ddi BRSFSTagartéeTa thin
nmet al fllnltype magnetic recording |ayer. The magnetic material of the
thin nmefal the i PeFRSAE Fakive tagnedddra e (ofy & pp§tal@pec@l§l’@ﬁﬁpéyll®§balt
(Co) , alloys with Co (CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB, CoN,
etc.), FP4Me Fend Ratiteya ’Ptis Feverees, FEPhifeCoR: a megnytizrtioand
alloys with NN (NiFe, etc.). These netic materials are pref erabl e,
becausePhe§T h&RE % Soaeti 7 6 t@@tﬂsang/ ahdouk gt Yeavecandrrerecoadidot r opy
in the sane direction as the direction of an applied magnetic field (track
“directioh Hhethba¥aseediumi A-pl ane recording or perpendicular direction in
the case of perpendicular recording) and therefore distinct transfer can
be perforned. It ke Eﬂéf’@ﬂ@@ll@mt%Upﬁé\ﬁI@I@glaebagéebayénngfdlsio,nwhgqlat| c base
under the magnetic material (i.e., on the side of the substrate) to obtain
the rediif @dMAEHRBECCTePREBIIDPPLLian i(Bageesssatyye hatfatieed oysoak
~structure_and lattice constant of the base | ayer be matched with those of
the maghiels @1 hgth sidas, shch 2easbardtdibsbasehliahedenapkyyflexible

CTi,.CoCr, CTa, 26 20 October 2005 CrM, N A, Ru, etc.
disk, etc. The magnetic recording portlon is constructed of a

coat type magnetic recording layer or a thin metal film type
magnetic recordinglayer. The magneticmaterial_of the thinmetal
film type magnetic recording layer is able to employ cobalt (Co),
alloys with Co (CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB, CoNi,
etc.), iron (Fe), alloys with Fe (FeCo, FePt, FeCoNi, etc.),
Ni, and alloys with Ni (NiFe, etc.). These magnetic materials
are preferable, because they have a great flux density and also
have maghetic anisotropy in the same direction as the direction
) Qf an applied magnetic field (track direction in the case of
in-plane recording or perpendicular direction in the case of
perpendicular recording) and therefore distinct transfer can
be performed. It is preferable to provide a base layer of
‘nonmagnetic base under the magnetic material (i.e., on the side
of the substrate) to obtain the required magnetic anisotropy.
It is necessary that the crystal structure and lattice constant
of the base layer be matched with those of the magnetic layer.

For this reason, the base layer employs Cr, CrTi, CoCr, CrTa,
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Note that before it is brought into direct contact with the master carrier
-3, the slave nedium 2 undergoes the process of renovi,ng.the.mc opi c
protrusions or dust particles on the surface by a gr?@dpﬁ§Qﬁgﬁd?8§g
pol i sher, etc., as occasion denmands. In the case of in-plane recording,

- the magnetic-field generation neans, for applying an initializing field
and a transfer field, is constructed of vertically spaced ring

el ect r ofeYAet §ikhat Rhaveta.coil wound on a core having a gap which extends
in the radial direction of the slave medium2. Wth the vertically spaced
ring el ect romagneliste ahatansfere fiitel dbrgegaratat Barthe @l eehi on is
applied parallel to the data track direction. During application of a
magnet i theirsdstex hermvgndl, i chii el dvgeaned ain on uReRAS RRPEheSp A LEansf er
field, while the contact body of the slave nmedium 2 and nas?er carrier 3

i's beiaf reravedy The mhgnescopiéepdogenssahsobr NBABE PRYLDE1Rr Q¥i ded so
that it is rotatable. The nagnetic field generation neans nay be di sposed

only onthmeswsifiece Hie aragrieldiag held, gepelather, ™BARS, MRY He-£0PshT uct ed
of a single permanent magnet arranged on one side or two pernmanent magnets
- arrangederomdot h  sides. The nagnetic field generation neans in the case of
perpendi cul ar recording is constructed of el ectronagnets or pernanent

magnet s of opposilrethel@isd ogsin i ghe afe@cliERRE € HhabRYE S0 Pel oYy @

contact body consisting of the slave nmedium 27 20 Cctober 2005 2 and the

mast er gevedarich ridengyagnet igpgl el ganeratd 0N IBARS field and a
transfer field, is constructed of vertically spaced ring
electromagnets that have a coil wound on a core having a gap
which extends in the radial direction of the slave medium 2.
Withtheverticallyspacedringelectromagnets,aitransferfield
generated in the same direction is applied parallel to the data
track direction. During application of a magnetic field, the
magnetic field generation means applies a transfer field, while
the contact body of the slave medium 2 and master carrier 3 is
being rotated. The magnetic field generation means may be
provided se that it is rotatable. The magnetic field generation
means may be disposed only on one side. The magnetic field
_'generation means may be constructed of a single pérmanent mégnet
érranged on one side or two permanent magnets arranged on both
sides.

The magnetic field generation means in the case of

perpendicular recording is constructed of electromagnets or

permanent magnets of opposite polarities, which are disposed

above and below a contact body consisting of the slaﬁe medium
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~generates a magnetic field in a perpendicular direction and applies it to
the contact body. Wen the magnetic field generation %aBSt%B?r' %Pg .
S

magnetic field to a portion of the slave nmedium 2, nagnetic transfer
performed on the entire surface by noving either the contact body or the
magnetic field. Now, with respect to nodifications and conparative _
exanpl es of the master carrier in the first enbodiment, a description wll
be - gi ver @d the nesberscarfriegari nBine siagnditcat Ehgldtdeterdt icn preaher abl e
that the radius R of the round corner of each land in the [and pattern on
the mas@enecateiser pegnetichdieationemanpeepetdianjer sGeretdidnornnef Mster
Carriers> A photoresist(electron beamdraw ng resist) was coated on a
gl ass pkrpéiwst htathl shesuohtieetbpodyspi whenathaehhgtetAD £ebeatron beam
was irradiated thereon while the glass plate was rotated, thereby
per f or niageeaposureether applidexd madres tphotMirelsd sfo wapodeveopedtaad t he
exposed portions were renmoved, to forman original disk. Then, a N .
subst r atéavwasmpdbuuced bygnptati ngahbéeorigi pakrdirakdwohhthie andipgel ing it
off fromthe original disk. In the land/groove pattern of the N
subst r aterfacadivamoliingse ithdr ahwi dbhtatt beiwor €hé magmRidichf0&14.5 gm
and a groove depth of 0.3 umare arranged fromthe disk center up to a
radial position dfo20 vodtHOrempeaindts htodl ftbabetneeand! Eo@sakstdyé um at
the radially innernost position 20 mmaway fromthe disk center. 28 20
Cct obere20@5l€n ¢hethe mabsératerrbefeGo30at fiYesobhboagnehts hayer
descriptionwillbegivenoftheresultsofexperimentsindicating
‘that it is preferable that the radius R of the round corner of
each land in the land pattern on the master carrier be in.the
aforementioned range.
<Generation of Master Carriers>
Aphotoresist(eléctronbeamdrawingresist)wascoated
on a glass plate with a flat surface by a'spin coat method. An
electron beam was irradiated thereon while the glass plate was
rotated, thereby performing exposure thereof. Next, the
photoresist was developed and the exposed portions were removed,
to form an original disk. Then, a Ni substrate was produced by
plating the original disk with Ni and peeling it off from the
~original disk. 1In the land/groove pattern of the Ni. substrate,
radial lines with a width of 0.3 um, a line pitch of 2.5 um,
and a groove depth of 0.3 um are arranged from the disk center

up to a radial position of 20 to 40 mm, and the pitch between
lines is 0.5 um at the radially innermost position 20 mm away

from the disk center.
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-(a conposition is given in atomc percent) of thickness 200 nm was forned.

The Ar sputter pressure was 1.5 X 10-1 Pa (1. 08 nlorr, n he i ed
“electric power was 2.80 Wcn2. The data track width \Nzéngcﬂqﬁ eFagﬁﬁg R of
the circular arc of the corner in the aforenmentioned pattern were :
nodified. In a first nodification, a master carrier wwth W= 0.3 mand R
=5 nm(RRW= 1.7 s) was generated. In a second nodification, a master
~carrier with W= 3hm Ehdsist20e NBR¢® Y0t 6% WOftasigrgerier aa4edy I n a
third nodification, a master carrier wwith W= 0.1 Amand R =45 nm (R W=

45% waéa gemgrcatiadi.on nsaghivest in COPGRT Atdar- AR thd cKaslser 208r filher Wi th
W=0.3 Amand R= 2 nm (R W 0.67% was generated. In a second

conpar atdy €oewadp| erhe Ar SRR SR dd BFe WatN W QoI Am anch RuFosB) Nm (R'W
= 48% was generated. In the nethod of neasuring the radius R of the round

cor ner ,afdieciedird@sese @f e ther FBSUSIwCANFA LTS 86 tRycgeneration were observed
based on SEM and the pattern shapes were observed. Based on the results

of observation, the gadkusr&0liaashy badnthe GAIdIRIs Ro £tk Langd;pattern vas
cal cul ated. <Generation of a Slave Mediun> Ina vacuumfilmform ng device

(Shi baurac olfeehat t6nh€8 in the a@oremputlehlcBpABRakAl HEYe hb@i PI&SSUT € Was
reduced to 1.33 X 10"5 Pa (10-7 Torr) at roomtenperature. Then, argon (Ar)

was i ntrrpdugedsanfotin@ipaes sl €aWasstaer €aslet 0y Dekt Wa= (B X IR-,dorr)
Under these conditions, a glass plate was heated to 200C 29 20 Cctober 2005
and a R &'SdiskRyeped. MYl GeRAtldg TRdhUSR (68 dndliSKication,
a master carrier with W= 0.3 um and R = 20 nm (R/W = 6.7%) was
generated. In a third modification, a master carrier with W =
0.1 pum and R = 45 nm (R/W = 45%) was generated. In a first
comparative example, a master carrier with W= 0.3 ugm and R =
Znm (R/W=0.67%) wasgenerated. Inasecond comparative example,
a master carrier with W= 0.1 gm and R = 48 nm (R/W = 48%) was
generated.

In the method of measuring the radius R of the round
corner, the surfaces of the master carriers after generafion
were observed based on SEM, and the pattern shapes were observed.
Based on the results of observation, the radius R of each round
corner in each land pattern was calculated.

<Generation of a Slave Medium>

Inavacuumfilm forming device (ShibauraMechatronics:

S5-508 Sputtering Apparatus), the pressure was reduced to 1.33

-5 -7
X 10 ~ Pa (10 Torr) at room temperature. Then, argon (Ar) was
introduced and the pressure was increased to 0.4 Pa (3 X 10—3

Torr). Under these conditions, a glass plate was heated to 200C
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with a OTi |ayer of thickness 60 nm a CoCrPt |ayer of thickness 25 nm

a flux density Ms of 5. 7 T (4500 Gauss), and a coerci2 eo&io%l d I2—|8§50f 199
KA/ m (2500 Ce) was generated and used as the slave nedi um <ﬁlﬁgne ic
Transfer Test Method> Wth the ring head el ectromagnets arranged so that at
the surface of the slave nmedium 2 the peak nmagnetic field intensity becane
398 KA/m (5000 Ce ) equal to twice the coercive field HO5 of the sl ave

medi um Zndi 8i 81 8F DCsRBGRgHLAAhARcPRE REELRUARE meAiLRE (Bladve dIRe)um 2.
After the initial DC nagnetization,. the slave nedium2 and a naster

carrieryehe Broudidyd Nbe thiEkhessXY ARl Mddr@achsobhess canRdxhascurrent
through the ring head electromgnets was controlled so that the peak

magnet i gs fhg) i AIRbeaRinky tRepansr2077kN @ {EHh R atadde suehageeof the
slave medium2 . Atransfér field was applied in the opposite direction

from the; digest] Ok afod hay i blstlo BS) MRANCHZRLIARG LR Hsed@Y cpgagnet i C
transfer was péerforned. te that the intimate contact between the master
carriergpiidst hegshave nmedi um was perforned by clanping with al um num

pl ates through rubber plates. <Method of Evaluating Signal Quality> The

signal s  transferraghdQiie slayerdrdiym VRLEHoQYAl Uat ed by an
el ectromagnetic transformati on characteristic neasuring apparatus (Kyodo

_E| ectronics: SS G@¢h "éh@gﬂﬁ%qleé@%l%t%n@@e@é@r%@eﬂs%' hichchas a
read gap of 0.19 u m a read wdth of 2.0 m a recording head gap of 0.4

um andR0s30 rQekQethd Q93 vanRE P dh P4 hd pASK MRk 19f £ 21 $1HFLnihey ead

signal was separated
became 398 KA/m (5000 Oe) equal to twice the coercive field Hesg

of the slave medium 2, initial DC magnetization was performed
on the slave medium 2. After the initial DC magnetization, the
slave medium 2 and a master carrier were brought into direct
contact with each other, and the current through the ring head
- electromagnets was controlled so that the peak magnetic field
intensity became 207 kA/m {2600 Oé) at the surface of the slave
mediurﬁ 2. Atransfer field was applied in the opposite direction
from the direction of the initial DCmagnetization. In thisway,
magnetic transfer was performed. Note that the intimate.contact
‘between the master carrier and the slave medium was performed
by clamping with aluminum plates- through rubber plates.
<Method of Evaluating Signal Quality>
The signals transferred to the slave medium wefe
evaluated by an electromagnetic transformation characteristic
measuring apparatus (Kyodo Electronics: SS-60). A magneto
‘ resistive (MR) head was used which has a read gap of 0.19 gu

m, a read width of 2.0 ym, a recording head gap of 0.4 um, and
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into frequency conponents with a spectrum analyzer, and a difference (CN)
‘between the peak intensity C of the primary signal a@% Be %gb%rhgg medi um
noi se N was neasured. Due to |large anounts of eccentr|C|t cEuf %g in

t he sl ave nmedi uns when set in the apparatus, it was not 'possible to
evaluate all of the signals across one whole rotation. Therefore,

eval uations were perforned locally, utilizing a |lead gate function. In
addi ti onrechadicasesadinwdithiof Be 6t pack Thdidednsi qias] aer séhanatde read

wi dth of the head, the CIN value was corrected (standardized) for the

track wimtd. fAsqdeconverpansaht srethod, a ssgeat sumesgal yeeof dafddaad
reproduced with the same MR head, and with a calculated C/ N value as 0 dB

an evaldiaf f@renes (BU4E) Mettwdeh athy epyaik ubnt I ¢ fof hens epatmyey val ue (
AC/' N) becones less than (greater in a negative direction than) - 3.0 dB,

t he si ghiadnd hbedasidyghdecioiehediahl refi SN i8S seel .t rensfter1adher ef ore,
in the case of - 3. 0 dB or greater it is evaluated as good (0) , and in

the casewitd eFsetbantridit) stitring avatHaterhvs meedfums ¥hekheetresults
are listed in Table 1. <M ssing Signal and Intinmate-Contact Eval uating

Met hod> riviagnetdppd fansf,eri tnask d epeatss sl tddesydnadisd gLt her s@gre mast er
carrier. Thereafter, a magnetic devel oping solution (Sigma H gh Chem cal:

SI G MarskemaQs wasgodk| dedhboelidfe aieh dr appad fan t boaghaveonediara The
sl ave nediumwas dried and the quantity of shift of the devel oped signal

end wapeid tiaicelo cIDey Nwiharn z3h 28 1Qei0het e 2002 tafoni Sshngidi @il s present
on the sl ave nedi um was randomnl y
for cases in which the track width was narrower than the read
.width of the head, the C/N value was corrected (standardized)
for the track width. As a conventional method, signals were
recordedandreproducedwith the sameMRhead, andwith ;a calculated
C/N value as 0 dB, an evaluation was made by a relative value
(AC/N). Iftherelativevalue {AC/N) becomes less than (greater
in a negative direction than) - 3.0 dB, the signal'intensity
.becomes smaller and causes poor transfer. Therefore, inthe case
of — 3.0 dB or greater it is evaluated as good (O), and in the
case of less than - 3.0 dB it is evaluated as poor  (X). The
results are listed in Table 1;
<Missing Signal and Intimate-~Contact Evaluating
Method>
Magnetic transfer was repeated 1000 times by using the
same master carrier. Thereafter, a magneticdeveloping solution
(Sigma High Chemical: SIGMarker Q) wasdilutedto 1/10 and dropped

on the slave medium. The slave medium was dried and the quantity

of shift of the developed signal end was evaluated. The number
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observed within a visual field of 100 at a 1:50 magnlflcatlon ratio by a

differential interference mcroscope. If the nunber % bng Egg?als
~within the 100 visual field is 5 or less, it is evaluate . In
the case of 6 to 9 missing signals, it is evaluated asfalr (A) . In the

case of 10 or nore missing signals, it is evaluated as poor (X) . The
results are indicated in Table 1. Table 1 Corner Track R/ W5i gnal Nunber of

radi us RMi didupuialg tyingresi N fewdritumn ta)e dB)asiegmad & dm Nned H0: 3dddmDy 2( 0) 4( 0)
nodi fi-cation 200.36. 7+0.1(0) 4(0) Second nodification 450.145-1. 6(0)3(0)
Third modtifamatd o t20.n30. 61s0ad( 81430XPLFi08ta€aMmiar Tl imekyn iepdaigd ion
480. 148- 3. 6( X) 2(0)
ratio by a differential interference microscope. If the number
of missing signals'within the 100 visual field is 5 or less,
itisevaluatedasgood (). Inthecaseof6to9 missing signals,

it is evaluated as fair (A). In the case of 10 or more missing

signals, it is evaluated as poor {X)}. The results are indicated

in Table 1.
Table 1
Corner Track R/W Signal Number of
radius R width gquality missing
{nm) (zm) (%) (dB) signals
First 5 0.3 -~ 1.7 -~0.2{(0) 4(0)
modification
Second 20 0.3 6.7 +0.1(Q) 4(O)
modification
Third 45 0.1 45 -1.6 (0} 3(0)
modification
First ' 2 0.3 0.67 +0.5(0O) 43(X)
comparative
example :
Second 48 0.1 48 -3.6{X) 2 (0}
comparative
lexample

As can be seen from Table 1, in the first comparative
example in which the corner radius R is 2 nm (R/W=0.67%), signal
-qualityisgood,butagreatnumberofmissingsignalshaveoccurred
due to damage to the lands in the land pattern after magnetic
transferhasbeénperformeleOOtimes. By contrast, inthe first

to the third modifications where the corner radius R is 5 to
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Second conparative exanple As can be seen fromTable 1, in the first

conparative exanple in which the corner radius Ris %o”@c(tﬁfo‘évfzﬁo@m’
signal quality is good, but a great nunber of m ssing si'gnal’'s have

occurred due to damage to the lands in the land pattern after magnetic
transfer has been perfornmed 1000 tinmes. By contrast, in the first to the
third nodifications where the corner radius Ris 5 to 32 20 Cctober 2005 45
nm (RS &m7 (R OW45% . 7 si@neds )quaiigng i guslisght i 'sﬂ&%ﬁqlt@ér ihPelg first
conparati ve exanple. However, signal quality i's in a good range, the

nunber ob ﬂhésffmb§i@mm@@régi@gNEQénggqlyHOM%Q%ggdsi%let gggﬁk§m£g damage
anpl e

to the corners of the lands. |In the second conparative e ere the

corner iads Uodd ndelll ther ndkBak &bt (G Ay diynAobLegyal; gLaghy signal s

i's considered practically negligible. wever,” an I ncrease in rdi ng

| h g ' rguaki fek. ' It, it
oss hagefgesgpdasignabrauaki hy é&gagélutg@dtHQOEt’:ﬁEﬁé% 35 t%hés%%n@lg?“ !

is preferable that the corner radius"R be In e range o nm and

the ratin fleVLeddy Rapaaags vel exdmb e 416+ & {1 LA, JP i i cat fop of the

present invention is constructed so that in the master carrier 3 Shown in

s, ar e sl ) S L Sla o Y SR Lo L1
the softonmpnetdd pRyYeEi 3211 @rMesh apnne. | apdlaraoVe , increase in
recording loss has reduced signal qualityand caused poor transfer.
As a result, it is preferable that the corner radius R be in
the range of 5 to 47 nm and the ratio R/W be in the range of
1 to 47%.

A further modification of the present invention is
constructed so that in the master carrier 3 shown in Fig. 1,
a Young’s modulus ratio E1/E2 of a Young’s modulus (E1l) for the
substrate 31 having a land/groove pattern to a Young’s modulus
(E2) for the soft magnetic layer 32 formed on the land/groove
pattern is in the range of 0.3 < (E1/E2) < 1.3.

If the ratio E1/E2 of the Young’ s modulus ratio of the
substrate 31 to that of the soft magnetic layer 32 of the master
carrier 3 is in the aforementioned range, there is no possibility
that the deformations of the substraté 31 and slave medium 2

| will be shifted greatly fromeach other even at a greatly deformed
portion of the master carrier 3, when the master carrier 3 and
the slave medium 2 are repeatedly broughtr into direct contact

by strong pressure during magnetic transfer, Therefore,

separation of the soft magnetic layer 32 can be prevented, the
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pattern is in the range of 0.3 < (E1/E2) < 1.3. If the ratio E1 /E2 of the

Young's nodulus ratio of the substrate 31 to that of ,th of t tic
IayegrJ 32 of the master <carrier 3 is in the aforenent izg))ng)&%lpgﬁﬁg?gpﬁere_ is
no possibility that the deformations of the substrate 31 and sl ave nedi um
2 wll be shifted greatly fromeach other even at a greatly deforned
portion of the master carrier 3, when the master carrier 3 and the sl ave

nedi um 3cate deepeabediiys brahtcidy @4 bechrepahasch, ﬁ%d:%qét)ra%aﬂri ure

during magnetic transfer. Therefore, separation of 't gnetic | ayer
32 can beg @f@:\{@f@@ﬁedtsfie;n%ésOé&ﬁl'Hee@ﬁgu%d@usﬁulpﬁﬁéhﬁ%férurt 48 prgyent ed,

and the quality of transferred signals can be ensured. er nor e,

dur abi | by tnef nfheeFashelr-16af i 85 Inhaintiakanced. Now, a description will-
be given of nodifications in which the ratio EIl /E2 of the Young' s

modul us ratio of g, SubstdAtGt i WAl BE LNecHRIAGHIS #AYA: & khe master
S een C dl

carrier in the aforenentioned nodification a ange n-addi tion,

a  descuhpbhGihi i be1gkvelk oo bBankeSUl S s CXRFLIJEPRS JadiGaling  that

it is preferable that the Young's nodulus ratio n orement i oned

range. fhetgxpebiMeRLSWEhLEe+Gar ALEed Oout iRt he o 5qMe TANner 1as hhe
g 1 ﬁ r O]J: S1 g

A e
af orenenti oned nodi fications, an e nunbe m ssi ng nal s was

eval uat gdor2Renk esHkSA L1 | A LM Ehd N pelAPlRafgeln the Jddit; 4r qugh the

f ,
third nodifications, the substrate consists o? RI?, t he magngilc | ayer

Cho o B ol U ORIRELL LA LA BB o o)
that it is preferable that the Young's modulus ratio be in the
aforementioned range. The experiments were carried out in the
same manner as the aforementioned modifications, and the number
of missing signals was evaluated. The results are indicated in
Table 2,

In the first through the third modifications, the
substrate consists of Ni, the magnetic layer consists of a
FeCo30at.% layer (a composition is given in atomic percent},
the Young’s modulus ratio E1/E2 is 1.02, and the evaluation of
missing signals is good. The master carrier in a fourth
modification is the same as that of the first modification, the
material of the substrate is changed to a constantan, and the
Young’s modulus ratioc E1/E2 is 1.25. The master carrier in a
fifth modification is the same as that of the first modification,
the material of the substrate is changed to tungsten carbide,
and the Young’s modulus ratio E1/E2 is 0.38. The master carrier

in a sixth modification is the same as that of the first

modification, thematerial of the substrate is changed to copper,
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m ssing signals is good. The master carrier in a fourth .nodification is
the sanme as that of the first nodification, the materi.al, of, the strate
is changed to a constantan, and the Young's nodul us ?gtPS%EEFE22§§91.25.
The master carrier ina fifth nodification is the same as that of the
first nodification, the material of the substrate is changed to tungsten
carbide, and the Young's nodulus ratio EI/E2 is 0.38. The naster carrier
in a sianhd rhodivbuaat isanodsl hhe ssdreEagEL had 1063t heThe i s ts®dafrirgati on, the
‘material of the substrate is changed to copper, 34 20 Cctober 2005 and the
Young' sinodubesenahi aoBhifE2atsoh. $8. thBesARst 8k €Alki ©F thd Figdsyzeventh
nodi fication is the sane as that of the first nodification, the materi al
of the mobsfieheibs, chRagadtéeiapobycanboraberrafd the cXawrass tapdul us
ratio E1/E2 is 0.19. As indicated in Table 2, the evaluation of m ssing

si gnal spboycafeonb s tdhandef Yéhhgeshadiumn $Wese1 Yeungs 9 nodul W ratio
is wwthin the aforenentioned range is good. In the sixth and seventh

ermbodi nend ScBOE & rY TURY eS2 NothE ¢Sy 18t drs of hodt | ¥q A i dtes Ao £hE
af orenenti oned range, the nunber of m ssing signals is ~increased and

t her ef of euitig agvad il &b b&ihaht s whabBbe AinPUgodu NIgRG 1Qf 1 s fREHEHS

mssing ratio (e) signals ourth nodification 1.25 3(0) Fifth nodification

0.38 2(he Sxtdmeomdidhsationgd. b3 §64d. 1n the sixth and seventh
embodiments whose Young’s modulus ratio is slightly outside of

the aforementioned range, the number of missing signals is

increased and therefore the evaluation is fair.

Table 2
Young’s Number of
modulus missing
ratio (e) signals
Fourth modification 1.25 3(0Oy
Fifth modification 0.38 2(0)
Sixth modification 1.53 6 {A)
Sixth modification G.19 9(A)

A second embodiment of the present invention will
hereinafter be described in detail. Fig. 3 schematically shows
the essential part of a master carrier fabriéated‘according to
the second embodiment. Fig. 4 shows how the master carrier is
generated.

Now, the basic steps of magnetic transfer that is the
subject of the present inventionwill be described with reference

to Fig. 5. This example is in-plane recording. Initially, a

35




Si xth nodification 0.19 9(A) A second enbodi nent of the present invention

will hereinafter be described in detail. Fig. 3 sche tk%%bb% s?gpg t he
essential part of a master carrier fabricated according to & nd
enbodi ment. Fig. 4 shows how the master carrier is generated. Now, the
basic steps of magnetic transfer that is the subj ect of the present
invention will be described with reference to Fig. 5. This exanple is
i n- pl ané legeongiagh Jhiandad Ingste3sazoicstbbere2pospatrade Mtk wha?2 and a
master carrier 23 are prepared. The slave nedium 22 has a magnetic
r ecor di Agdiayet2 bas wmagnatdignesterdinmibper ongitperi nagedt iAs reledesi n Fi g.
5B, the master carrier 23 is constructed of a substrate 24 whose
m cr oscépi eardedingcoovas phovar hni EigoabBd theé hmastragnetrcikayés 25, and
has a | and/ groove pattern formed fromthe magnetic |ayer 25. Next, as
shown i gonBitgucBAd iodi & subsdgadce 24t Wb seDEidevsgogtiicz daina)grcoveer f or ned
so that the magnetic slave nmedium 22 is nmagnetized in one direction along
a dat a ppaterdi iecriadedoyitn a nagnaticilayer 26d ddichhasThéred/beoovas shown
in Fig. 5B, the magnetic recording surface of the slave nmedium 22 and the
| and/ gr pavé&epat fermedf from hhgmedguetiaybay®d 28. t Nextmser stawn én 23 are
brought into direct contact wth each other, and a transfer field Hdu in
t he oppBstt Sadi Lrttiahmaomernitziad idinr €€ demaghetheaitiioni)als pemgofrimedd Hin is
applied in the data track direction of the slave nmedium 22, whereby
magnet i 80 thadntliemapsepecftawdre Them RRarshagné t ek dd Hdlones dpassedohhr ough
the land pattern of the magnetic |ayer 25. Although the

along a data track direction by an initializing field Hjip.

Thereafter, as shown in Fig. 5B, the magnetic recording surface
of the slave medium 22 and the land/groove pattern of the magnetic
layer 25 of the master carrier 23 are brought into direct contact
with eachother, and a transfer field Hgy in the opposite direction
from the direction of the initializing field Hj, is applied in
the data track direction of the slave medium 22, whereby magnetic
transfer is performed. The transfer field Hgy is passed through
the land pattern of the magnetic layer 25. Although the
magnetization in the land pattern is not reversed, the
magnetization in each groove is reversed. As a result, as shown
:Ln Fig. 5C, a magnetization pattern corresponding to the
Iland/groove pattern of themagnetic layer 25 of the master carrier
23 1s transferred and recorded on the data tracks of the slave
medium 22, Note that in the case of perpendicular recording,
magnetic transfer can be performed on a slave medium by using
' approximately the same master carrier as that of the

aforementioned in-plane recording.
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magneti zation in the land pattern is not reversed, the nmagnetization in

each groove is reversed. As a result, as shown in Fi%0 %%t % na%%ﬁéization
pattern corresponding to the |and/ groove pattern of the na& et yer 25
of the master carrier 23 is transferred and recorded on the data tracks of
the slave nedium 22. Note that in the case of perpendicul ar recording,
magnetic transfer can be perforned on a slave nedi um by using

approxi mat el y t heAsagbownstierFiqr 13,er masthat cafribe 4@fforengaghicened

i n-plane recording. 36 20 Oct ober 2005 As shown in Fig. 3, a master carrier
40 for kughefier i3 eansiped wi€ai ppest vdtd 44, Subséh abe HhicrbseBphas a

m croscopi ¢ | and/ groove pattern consisting of |ands 4la, grooves 41b, and

rei nf or déendhgrporei pastéte. cFheistihgcer ppandonof, iocselsunat eandl is
provi.-ded with a nagnetic |layer 42 formed into the.shape of a pattern

cor r espoadnfigrtemenftqraveticrs 40cbe MTHasst eat€Bort 1batof She LEBsAREASL I C
| ayer ‘42 consists of nmagnetic |and | ayers 42a provided in the | ands 41a,

and rmagfétis grovidebaykts #mgmstomt ded/dn 4he @meyestdlbneBshupen the
“magnetic land |ayer 42a and the nagnetic groove |ayer 42b, the

rei nf or cénenpapoerhonorddepbadengctedihfothath8ndt41peof rihgrsppstirate 41.
In the case of the second enbodi nent shown in Fig. 3, the reinforcenent

porti onShat cl s ¢her maggedionl dpsh 40 dessebtstbe napkukaiehgt heysppstrate
41 and are formed into the shape of a narrow wi dth protrusion so that they

becone ¢oplrnavidedhin titee llantidkda, Bunhpabainfier geRBOE DOYLEONEr¥1C, the
magnetic land |ayer 42a is buried in the groove region fornmed in the |and
" provided in the grooves 41b. Between the magnetic land layer
42a and the magnetic groove layer 42b, the reinforcement portion
4lc is erected in the land 4la of the substrate 41.
In the case of the second embodiment shown in Fig. 3,
the reinforcement portions 41c are arranged on both sides of
the land 41a of the substrate 41 -and are formed into the shape
of a narrow width protrusion so that they become coplanar with
the land 4la. By the reinforcement portions 41c¢, the magnetic
land layer 42a is buried in the groove region formed in the land
4la.
Forthemastercarrier40mentionedabove, the substrate
41 with a microscopic land/groove pattern consisting of lands
- 4la, grooves 41b, and reinforcement portions 4ic is first
- generated as shown in Fig. 4A. The land/groove pattern with
different depths can be formed, for example, by multistage
exposure and etching. The substrate 41 can be generated by a

master ring employing the land/groove pattern.

Next, as shown in Fig. 4B, the magnetic layer 42 is
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4l1a. For the nmaster carrier 40 nenti oned above, the substrate 41 with a

.m croscopi c | and/ groove pattern consisting of |ands a roave b, and
rei nforcenent portions 41c is first generated as sho%# Fﬁ%ﬁgﬁF 2&6%The

| and/ groove pattern with different depths can be forned, for exanple, by
"mul'ti stage exposure and etching. The substrate 41 can be generated by a
master ring enploying the | and/ groove pattern. Next, as shown in Fig. 4B,

the magdérMed gyerti? subsirate @dt disee 20@8etermidedh thicksesst mitd 41 to a
predeterm ned thickness with a soft magnetic material by vacuum film
f or m ng@nE8ks Baeneasc mateudrévhporation, £ shutfeming ncamplsatings etc. I n
the nmagnetic layer 42, in addition to the nmagnetic land layer 42a on the
| and 41T2gHET 9o apRPRatiion .grspord drayer, 42D wilehtimdg, hetogr obuetddb, an
unnecessary nmagnetic layer 42c is formed on the reinforcement portion 4lc.
Ther eaf t@gnethie saykacédlof inhaddibstn ate e wadnathe lmaghdbiverl agar 42
formed thereon is polished to renbve the unnecessary nagnetic |ayer 42c
formed 8n the Aendf dleecment thpombigortdtcgrandet hayraghebi eikand kager 42a
is polished so that it beconmes coplanar with the reinforcenment portion
41c. | ngraprye 4dp, ameirmestesysaoar magmedlc daferndllc ass Shwed pnFife 3.
‘According to the second enbodi nent, the magnetic land |ayer 42a on the
mast er Eaihifercapens peirtfioncédcby the reinforcement portion 41c of the
substrate 41 fornmed in the boundary portion between the magnetic | and
| ayer 42a and t heThereafter, the surface of the substrate 41 with the

magnetic layer 42 formed thereon is polished to remove the

unnecessary magnetic layer 42c formed on the reinforcement

poxrtion 41¢, and the magnetic land layer 42a is polished so that

it becomes coplanar with the reinforcenment portion 41c. 1In this

way, the master carrier 40 is formed as shown in Fig. 3.

According to the second embodiment, the magnetic land

layer 42a on the master carrier 40 is reinforced by the

_reinforcement portion 41lc of the substrate 41 formed in the

boundary portion between the magnetic land layer 42a and the

magnetic groove layer 42b. This renders it possible to prevent

wear, abrasion, separation, chipping, edge deformation, etc.,

even when the substrate 41 is repeatedly brought into direct

contact with the slave medium 22 during magnetic transfer. The

durability of the master carrier 40 is enhanced, so the long

lifeisachieved. Atthe sametime, thepatternhasnodeformation

and stable magnetic transfer can be repeatedly performed. The

occurrence of dust particles due to wear is also reduced and

therefore the occurrence of poor transfer can be prevented.
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magneti c groove |layer 42b. This renders it possible to prevent ‘wear,

abrasi on, separation, chipping, edge deformation, etc he
substrate 41 is repeatedly brought into direct contagp %ﬁ%ﬁ%ﬁggﬁgpgve

medi um 22 during magnetic transfer. The durability of the master carrier 40
i s enhanced, so the long life is achieved. At the sane tine, the pattern
has no deformation and stable magnetic transfer can be repeatedly
perfornmed. The aosty kercetbé Hiisthtparrt tied as idife deensesy pbstdbaoireduced
and therefore the occurrence of poor transfer can be prevented. 38 20

Oct obero200% Naj<e: tdtad 41 e hied gbiveaft HAre thaivMineRBNG £ polthagnddce of the
substrate 41 nmay be |l ower than the thickness of the magnetic |and | ayer
42a. Theam@sligfecagrzaer 40 of the present invention performs nagnetic
transfer in simlar steps to those shown in Fig. 5. That is, the nmaster

carrier 40 is bropghhabhée Qidrael £08Eate pPesdnt RAvERAY SRS Ehd?
magneti zed in one direction (track direction or perpendicular direction).

I n thi snddHd et ec £ St 115t ili 1 2 tEadsd edo fid gk ishappliedrid. 5.
approximately the opposite direction fromthe direction of the

initialtdndgd, eltd kst eb@driapplyi Ny Heyhget Sueho agi ebeetdmanet s, etc.
In this manner, a magnetization pattern corresponding to the |and/groove

pat t er Ririt{H ransferavafmrdmin oM migide r@st Bl s rdefedfids t£aasterred
and recorded on the slave nedium 22. The substrate 41 of the master carrier

40 enpldiysedt Ldiebr peSipein@@Ru 12l Aol i @h) OYSn € £s 1 hRembaRdigivawe pattern
is fornmed by a stanper generation nethod, etc.
state, a transfer field is applied in approximately the cpposite
direction from the direction of the initializing fieldby a field
applying device such as electromagnets, etc. In this manner,
amagnetization pattern corresponding to the land/groove pattern
(transfer information) of the master carrier 40 is transferred
and recorded on the slave medium 22.
Theéubstrate4lofthemastercarrier40employsnickel,
silicon, aluminum, alloys, etc. The land/groove pattern is
formed by a stamper genération method, etc.
In the stamper generation method, a photoresist film
is first coated on the smooth surface of a glass plate (or a
guartz plate) by spinning the glass plate. Then, a laser light
beam (or an élrectron beam) modulated according to a servo signal
is irradiated while the glass plafe is being rotated, and the
pattern on the magnetic land layers 42a, for example, a pattern
corresponding to a servo signal is exposed. Thereafter, the

photoresist film is developed to remove the exposed portions,

and the glass plate is etched to form groove regions in which
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In the stanper generation nethod, a photoresist film is first coated on
the snooth surface of a glass plate (or a quartz pl atﬁ%cpcrlh in 'Orb%the
a

glass plate. Then, a laser light beam (or an el ectron N rreordlrg ated

according to a servo signal is irradiated while the glass plate is being
rotated, and the pattern on the nmagnetic |and |ayers 42a, for exanple, a
pattern _corresponding to a servo signal is exposed. Thereafter, the

phot or es&tNagnetic lga\iel 8yed st d27 sy Burhedex pbEerir péve Pbasoreandtt he
glass plate is etched to formgroove regions in which 39 20 Cctober 2005
_the mafhéfi és| sRBoVader 8 Bhatarespati éd1lmafisefornedphgrdnedinstthe filmis
renoved, a photoresist filmis formed again in the aforenentioned manner.
The pat 8épnementinaegrmeones .41Fhppadbtsodeihr tiThoreaivesrdllt heephosedesi ~~; t
filmis devel oped to renove the exposed portions, and the glass plate is
~etched Therepfitgrootbhe phgtonssésitr édpmndsndevelphedgtoovresiofehthNot e t hat
the etching tinme is changed to change the depth of the groove. In

addi t i oRXPOEfd pedeiont, expbdire giwypsbplateel s ek chiid dro tfhempbobovesi st
filmis renoved, an original disk with a |and/groove pattern is obtained.
Next, bEsgdona adrerdspadidyimabie Pat geprnves 4He.  datfeatkabfthehetohiggnal

di sk, the surface is plated (or electrotyped), and a substrate with a

| and/ grobwe jparchengerdsto gdweras sHeatrp tepdr bhedyfawm t hdnoaddi nabndi sk.
Itispreferable that the groove depth (or the height of the land 41a) in
the | alee grodee phtexraswie ey bstevainsesll. bafiart hber phgeonésB8Ot t 0. 800
nm  The range of 100 to 600 nm is further preferable. In addition, the af
or enent¥bhBdis or¢mpved, drkorsgphaledisk with a land/groove pattern

is obtained. Next, based on the land/groove pattern on the
surface of the original disk, the surface ‘is plated (or
electrotyped), and a substrate with a land/groove pattern is
generated and separated from the original disk. It ispreferable
that the groove depth (or the height of the land 41a) in the
land/groove pattern of the substrate 41 be in the range of 80
to 800 nm. The range of 100 to 600 nm is further preferable.
Inaddition, thé aforementionedoriginaldiskisplated
to generate a second original plate, and by using the second
original disk, plating is performed, whereby a substrate with
" a reversed land/groove ?attern may be generated. Furthermore,
by-plating the second original disk or hardeniné a resin solution
appliedtothe secondoriginal, athirdoriginal plate isgenerated,
and the third original disk is plated, whereby a substrate with
a land/groove pattern may be formed. |
Asmentioned previously, the formation of the magnetic

layer 42 is performed by forming a thin layer of magneticmaterial
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to generate a second original plate, and by using the second original

disk, plating is perforned, whereby a substrate with

Iand/groove pattern may be generated. Furthernore, b$%pp%%%£%%t%e Second
original disk or hardening a resin solution applled to the second
original, a third original plate is generated, :and the third original

disk is plated whereby a substrate with a Iand/groove pattern may be

f or med. WhEh nEREBHell pnefiPsus ny, mepast ofkehi 68 GRACOH® AMgReretion, ayer 42
is performed by formng a thin |ayer of magnetic material 40 20 Cctober
2005 witPMuvbenundfi Lanf plathgoneans, - sachlasingcueihedapetati ohhe
sputtering, ion plating, etc., a plating nethod, etc. The nagnetic

mat er | Ala@Rethe nagaeipd béyéh84@agseabbelﬁweenﬁ2oys gbbal to(&oploval | oys
with Co (CoNi, CoNi Zr, CoNbTazZr, etc.) , iron (Fe) alloys with Fe ( FeCo,
FeCoNi , o W Cofe AR Bl oyFenl th FeTERONI e CoNiNir, Goidb B Toystw.th NeoiNi Fe,
etc.) Particularly, FeCo and FeCoNi are preferable. It is preferable that
t he t hi Gkales$llofyst ndthimdFe€ol ajetoli, BFeNidot, htek bige FeR150F¢BaB00 nm
The .range of 100 to 400 nmis further preferred. A magnetic transfer

met hod ez ordittig todaat hoysd widithtidi (ghFe pfettche pr €senticudveityi, ofetb| |
hereinafter be described in detail. Initially, a description will be given
of a nmegtkFeCodlir hee, prbifehah ke enplivyedpfeberablmdttiat thansliteknansd a
magnetic recording nmedium which is a slave mediumto which predeterm ned
i nf or netf grhe sagrerisife et mégnbei tal thefranpe tdle SthsteS00anmi.erThdi g. 6
shows the cross section of a magnetic recording medium51 and a naster
carri eaBdie The HHYniee i €00 evor ts njurekiéanpreferred.

A magnetic transfer method according to a third
embodiment of the present inventionwill hereinafter be described
in detail. 1Initially, a description will be given of a master
carrier, which is employed for magnetic transfer, and a magnetic
rrecording medium, which is a slave medium to which predetermined
information is transferredmagnetically from themaster carrier.

Fig. 6 shows the cross section of a magnetic recoxrding
medium 51 and a master carrier 54. The magnetic recording medium
51 isamagneticdisk for longitudinal recording andhas amagnetic
layer (recording-reproducing layer) 53 on a base 52. 1In Fig.
6, the recording-~reproducing layer 53 is provided on only one
side of the base 52. However, recording~reproducing layers may
be provided on both-sides of the base 52, respectively. Note
that the base 52 may be a hard substrate or flexible substrate.

The master carrier 54 is formed into a disk shape and
equipped with a substrate 55 and a soft magnetic layer 56. The

' ‘surface of the substrate 55 has a land pattern corresponding
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51 is a magnetic disk for longitudinal recording and has a magnetic | ayer

(recordi ng-reproducing layer) 53 on a base 52. In Fig ,.the
recordi ng-reproducing | ayer 53 is provided on only onézO gpﬁgggf'QQQSbase

52. However, recording-reproducing |ayers nmay be provided on both sides
of the base 52, respectively. Note that the base 52 may be a hard
substrate or flexible substrate. The nmaster carrier 54 is fornmed into a

di sk shiapeimfmrnegiopped g, t 8 sesubstirataa )55handi a tsobte trgneféerédyer 56.
The surface of the substrate 55 has a | and pattern corresponding 41 20

Cct obert 2@ tecobiiohgRirephod@cdng, 1 &ySEMD ofig@mhghledt ¢ BetOrdeng
transferred to the recording-reproducing |ayer 53 of the magnetic

recor dimgdinmdiunbthe S0€ taRigndHANEA Y61 E8YIRS £ Sfind $oh@heEXhi0psBEern
| andpattérn of the substrate 55. Asa result, the master carrier 54 is

equi ppesit thetsubstRaitdesn. t hata eepsl sl T masdticakiri ¥r ol | segsi fedavi ng’
magnetic | ayers on the | and surfaces. Note that the master <carrier 54 is

not |iniel 4 @ddiest rueiueenah stBeot hi rgh erdoici yRIF 1andiRessohivimgnetic
| ayer may be formed on only the lands of the |and pattern, or buried in

only theagioeveslay@radght 08, 14Rd shersase. Whese: tdiea suhsd mad €xds conposed
of a ferromagnetic material such as Ni, it does not always need to be

- coat ed oM thiens58afd novgAREIed®S €hé alcrubi@id-and t patdrana arsvadeenen the
substrate surface is equivalent to the "pattern that consists of a

-pl ur al ithe ot Rty Ravidd afeanNfhiChé ayeFie @b R 12 Rte $HRBACES. the
Furthernore, |ands consisting of soft magnetic |ayers may be forned in

pat t er ndmd Pocert) Ar PIRsidAlier Jdnl@adicd ig@Boviek .t hen uppel vDsh, | ayer of
t he master :
' ©  the case where the substrate is composed of a ferromagnetic
-material such as Ni, it does not always need to be coated with
a soft magnetic material. The land pattern provided on the
substrate surface is equivalent to the “pattern that consists
of a plurality of iands having magnetic layers on the land
surfaces.” Furthermore, lands consisting of soft magnetic
layers may be formed in pattern form on a flat substrate.
| In addition, if the uppermost layer of the master
carrier is coated with a protective film such as a diamond~-like
carbon (DLC) £ilm, it is preferable because contact reliability
isenhancedbytheprotective filmand thereforemagnetictransfer
- can be performed a great number of times. Furthermore, a Si film
may be formed under the DLC protective film by sputtering, etc.
The pattern consisting of a plurality of lands having
-inagnetic layers on the land surfaces, which is determined from

the landpattern of the substrate and the thickness of themagnetic

layer, is determined in consideration of the influence of a.
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carrier is coated with a protective filmsuch as a dianond-1ike carbon
(DLC) film it is preferable because contact reliability. is,enh d by
the protective filmand therefore nmagnetic transfer ggnOEEOBSngpﬁéd a
great nunber of tines. Furthernore, a Si film may be fornmed under the DLC
protective filmby sputtering, etc. The pattern consisting of a plurality
of lands having nmagnetic |layers on the |and surfaces, which is determ ned
from tHempaneparziegnfdeldhdusibg tmagretid trmmdfeckndsh akspeetmagnetic
l-ayer, is determned in consideration of the influence of a. 42 20 Cctober
2005 demmghenetiingtfioel gattterngwhiighetibc trrassteredwtbhthespeghetac a
magneti zation pattern which is transferred to the magnetic |ayer of the
magnet i tayetordi hgemmdiporthy magoetiogt medsfier by fhehetsc thenkaed.pattern
is determned so that the magnetization pattern becones a desired pattern.
More sp@bétiical khe Xavel pbahderpatd deheonihbd gmshet Oy naghetsz0888d SO
that it is not 1:1 wth respect to a desired nmagnetization pattern that is
transf epattieto hdmomeagreté sitayenatifetrhe Negeeipect Lo ng theedhym Mre
specifically, a magnetic recording nedium which is a slave nediumto
whi ch neghtetrs onavlké anasiseperdirined,id formeohpenerks 0t asnaster carrier,
and a pattern to be transferred, are determ ned. Then, transfer quality
(e.g., witkpredpeet tei gndéirsdcmafhettdabyon petbepat thatofst hese. Based
on the transfer quality, the pattern that is provided on the nmaster

carri ertirzngbereetieto fbe exgnptec >Sapposert bhé @msgsboNs recbrging, a
desired

medium,

More specifically, a magnetic recording medium, which
is a slave medium to which magnetic transfer is performed, the
components of a master carrier, and a pattern to be transferred,
are determined. Then, transfer quality (e.g., a reproduced
signal) is confirmed by a combination of these. Based on the
transfer quality, the pattern that is provided on the master
carrier is corrected.

For example, suppose that as shown in Fig. 6, a desired
magnetization pattern to be transferred to the magnetic laver
53 of the magnetic recording medium 51 is a pattern in which
magnetization directions are reversed at regular intervals.
When magnetic transfer is performed, a transfer field is applied

-with the magnetic layer 53 of the magnetic recording medium 51
and the magnetic layer 56 of the master car;:ier 54 held in direct
contact with eachother or in close proximity, as described later.

A small region in the magnetic layer 53 of the magnetic recording

~medium 51 corresponding to the region between the lands 57 of
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.magnetization pattern to be transferred to the nagnetic-layer 53 of the
magnetic recording nmedium51 is a pattern in which ”%n%tcit% teiror}O 5
directions are reversed at regular intervals. Wen magnetic transfoer
. perfornmed, a transfer field is applied wth the magnetic |layer 53 of the
magnetic recording nedium 51 and the magnetic |ayer 56 of the naster
car~rier 54 held in direct contact with each other or in close proximty,

as descthdedstatrecarriesfdl becagon nayridtel asgnet teahay el ohdrafidhe
magneti c recording nedium51 corresponding to the region between the | ands

57 of 4Bh@fefltopein 2005 date ammsver thar nagie biic besoresi vy N@dEih Z3t | on
- transition region. Therefore, in the pattern on the magnetic.recording

medi um&ftenftesndfansfef , théd whetmiBltdr Binf ddhg dregiored ddhdwmignetic
recordi ng nmedi um 51 corresponding to the groove between the |lands on the

nast er vacsi@indhebieanBiscoarespendingtd e wrdblehfwvedhenaroous by a
demagneti zing field during application of a transfer field, then the

mast er @argliemdtdrs caguiipped Mbthofe spakt ebiet NtMéh Chhé heid@ands ice nar roned
so that the wdth A becones wder than the width B. The demagneti zi ng

field ngedsytarhe Weterdanashdyi 1y @faremmtinped el sive setdod,
because it relates to all elenents, which are enployed in performng

magnet itrdnsafief dlielueheas theemakave BB UsT (Paris whwaipped thicy Bi ckness
andmagnetic characteristic of the magnetic layer) , the pattern shape on
the masitefenthiviiich ke Mdadm dafeesé@BOthbbaHand dtel & beymaragneti c

transfer is performed wth the recording-reproducing |ayer 53 of the
magnet iwd deac attirn @ hieediidth B.

The demagnetizing field needs to be determined by the
aforementioned recursive method, because it relates to ail
elements, which are employed in performing magnetic transfer,
~suchastheslavemedium (particularly, the thickness andmagnetic
-characteristic of the magnetic layer), the pattern shape on the
master carrier, the minimum dimension of the land, etc.

The magnetic transfer is performed with the
recording-reproducing layer 53 of the magnetic recording medium
51 and the soft magnetic layer 6 of the master carrier 54 held
in direct contact with each other or in close éroximity.

Fig. 7 shows the basic steps of the magnetic transfer.
fEig. 77 shows the step of initializing the magnetic recording
medium, Fig. 7B the step of bringing the master carrier and the
magnetic recording medium into direct contact with each other
and then applying a transfer field Hgy, and Fig. 7C the

magnetization of the magnetic recording medium obtained after

magnetic transfer. Note in the figures that for the magnetic
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51 and the soft nagnetic layer 6 of the naster carrier 54 held in direct
contact with each other or in close proximty. Fig. 7,3h LC steps
of the magnetic transfer. Fig. 7A shows the step of izﬁ)i t%:ég %ggngetﬁﬁe
magnetic recording nedium Fig. 7B the step of bringing the nmaster carrier
and the magnetic recording nediuminto direct contact with each other and
then applying a transfer field Hdu, and Fig. 7C the .nagneti zation of the
magnet i @ac@gstdichgrakidinurhlobtoailiyedhef recondigwetrieprodarsirer Layste S5 t he
figures that for the magnetic 44 20 Gctober 2005 recording medium 51, only
t he recdsdistigwrepr oduci ng | ayer 53 is shown. As shown in Fig. 7A, the re
cording- rep roduc ing layer 53 is initialized by applying an initializing
field Hn in one Adi skewvham (Fligngi/Budilmalrafiamtinorafraddatray tlrsaeks on t he
magneti c recording nedium51). Thereafter, as shown in Fig. 7B, the
initial B3eds tetoidlhgedrieprashlciingy laayehi%3 a0fi ztiheg @Rgnat e, riacerd ng
medium 51, and an information carrying surface consisting of a soft
magnet i dilragéi obh6( toad dudinal Handcpabtherhaatrttehersakstr the ahneafica mast er
carrier 54, are held in close proximty to each other (in the f igure, in
i nti mat gecomtlacty wietdiueadi)aot her) , anda transf er field Hdu is applied in
t he opposite direction fromthe direction of the initializing field Hn to
perform magneti c Themskéter, Caasehuent iy, Figgné&si, zaheodnievendaled akes
~place at the small regions of the recording-reproducing |ayer 53
corr espoadbonding-repecgnoing e 0hns dethheenathet i antscd rd g mearicim
pattern. of the

51, and an information carrying surface consisting of a soft

magnetic layer 56 coated on a land pattern on the substrate 51
of a master carrier 54, are held in close proximity to each other
(inthe figure, inintimatecontactwitheachother), andatransfer
field Hgy is applied in fhe oppolsite direction from the direction
of the initiaslizing field Hip to perform magnetic transfer.
Consequently, magnetization reversal takes place at the small
regions of the recording-reproducing layer 53 corresponding to
the groove regions between the lands in the land pattern, of the
master carrier 54. As shown in Fig. 7C, the information (e.q.,
a servo signal) carried by the master carrier 54 is magnetically
~transferred and recorded on the recording-reproducing .layer 53
of the magnetic recording medium 51. |
Note that it is necessary that the initializing field
Hin and the trénsfer field Hgy, employ valﬁes determined in
consideration of the coercive field of the slave medium and the
relative magnetic permeabilities of the master carrier and the

slave medium.
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master carr ier 54. As shown in Fig. 7C, the information (e.g., a servo
signal) carried by the master carrier 54 is magneti cal IOyOCLC nsf%rr%d and
recorded on the re cording- reproducing layer 53 of the nag netlc recordlng.
medi um 51. Note that it is necessary that the initializing fleld H n and
the transfer field Hdu enpl oy values determned in consideration of the
coercive field of the slave nediumand the relative nmagnetic
permeabi lities of Ifhegmestiertiangfer iapertienes by ehaadionemess izmedct ober
2005 If magnetic transfer is perforned in the aforenenti oned nanner by
utilizingnnae bnsttdd icdnd theofias ber maaseir ofveheipresdnlyiimycatgant ern
formed in consideration of denmagnetizing-field correction, a desired
magnet i aviog pretéennciorted docoras eyratiansfedesd one td zimgndtiied d
recording nmedium Particularly, in the case where this information is a
servo stgnaectienckd nipsered magerd of zanbden irs grancecth He malcaratelivl e t he
present invention has been described wth reference to the preferred
enbodi nendss fheredf fo thenagmatent imrcadisdived nesliben i Fatred dud arfley . démnai | s
given herein, but nay be nodified within the scope of the invention
her ei nathercass aheed .thdG 20fcnabepn2005 Athato ssgakai, neche¢lsing seAvonst er
carrier for magnetic transfer, conprising:

performance is enhanced.

Finally, whilethe present inventionhasbeendescribed
with reference to the preferred embodiments thereof, the
invention is not to be limited to the details given herein, but
may be modified within the scope of the invention hereinafter

claimed.
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a substrate with a-land/groove pattern, forned from a magnetic materi al,

whi ch corresponds to information to be transferred; %eb%itgbg%c%?g
approximately rectangular lands in said -Iland/ groove pattern has tour
round corners whose radius is from 1% through 47% of the width of a data

“track. 2. The master carrier as set forth in claiml1l, wherein said

| substragBahas sni-akgh,eas jkt.s mai n conponent. 3. The master carrier as set
forth in claiml or 2, wherein said nagnetic material covering the surface

of the-land/groove patt f 1d supstrate is.a soft nmagnetic nmateri al
‘whose coercive fiél ??i s%tgblﬁﬁgmla‘f%elgoggﬁﬁa%?eﬁégsi.:rﬂ?s;g\e%agneti c transfer
met hod @&ﬂpgﬁ&ﬂg:t he steps of: applying an initializing field to a master
carrier conprisrng asubstrate with a | and/ groove pattern, which .is forned

froma magnetic terl nd caqr.responds, to information to be _transferred,
and in which eacﬂgo?e&%%épl?%ﬁ Qté} V2 ﬂ@&@rﬁﬂ%’l‘e PtdeTam fogmed fx@mgr oove
patter r corners.whose radius , is from 1% through 47% of the
wi dt h 3? hgé%lg(tggigrrg%ggrb?l hg‘l’qﬁbggaFarﬁﬁ§98Pd§aFPi éripgpe tdionedto dunt act

with aslav ium havi ng a magnetic recording portion; and transferring
a rragnet%at?%%\?%gttern corresponding to 47 20 Cctober 2005 said

| and/ gr oove patt o .said slave nedi um by applying a transfer field to
sai d master carrﬁ'ger?e’{)eellnn%a% Pgaﬁ?’iﬂ’?]é?ﬁt‘i%hf‘é‘é’ﬁanwgﬁr§£fﬂiss4fa\‘?élﬁledi um

land/groove pattern has four round corners whose radius is from
1% through 47% of the width of a data track.

2. Themaster carrier as set forth in claim 1, wherein
said substrate has nickel as its main component.

3. The master carrier as set forth in claim 1 or 2, wherein
said magnetic material covering the surface of the laﬁci/groove
pattern of said substrate is a soft magnetic material whose
coercive field is 48 kA/m (= GQO Ce) or less.

4. A magnetic transfer method comprising the steps
of: |

applying an initializing field to a master car:;"ier
comprisinga substratewitha land/groovepattern, which is formed
from a magnetic material and corresponds to information to be

transferred, and inwhich each of approximately rectangular lands
.in‘ said land/groove pattern has four round corners whose radius
is from 1% through 47% of the width of a data track; |

bringing said master carrier into direcf contact with
a slave medium having a magnetic recording portion; and

transferring amagnetization pattern corresponding to
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5. A master carrier for magnetic transfer, conprising: a substrate with a
| and/ groove pattern; and a soft magnetic |ayer forned gn i§-apdhpgroove
pattern; wherein the ratio (EI/E2) of a Young' s nodul us or said
substrate to a Young's nodulus (E2) for said soft magnetic layer is in the
range of 0.3 < (E1/E2) < 1.3. 6. A master carrier for magnetic transfer,
conprising: a substrate with a | and/groove pattern conprising lands and
gr ooves S3dAd l@nsHoiranyed Prddean ¢a spdd sleveetesti wsaity sutsltviaiea  for
transferring information to a slave mediumto which transfer is performed,
wher ei nt&aPd feat # g He o magifbna et ¢ ayer ré girdrd iseshel diugher e ct cand akay er
provided on each | and of said substrate, a nmagnetic groove |ayer provided
i n each¥gitbovaigf sdaivé s@ddtwmate, and a reinforcement portion provided
bet ween said magnetic |land |ayer and said nmagnetic groove |ayer. 7. A
master carrier foP.nmelyreasiex reastier feomuadrstnge arsubsérate with a | and
pattern, conprising a plurality 48 20 Cctober 2005 of |ands that have a
magnet | ECMRyeEidA:a surface of each land, and formed for transferring
information to a magnetic |ayer of a nagnetic recording medi um
: ' a substrate with a land/groove pattern; and
a soft magnetic layer formed on said land/groove
pattern;
wherein the ratio (E1/E2) of a Young’s modulus (El)
_ forsaidsubstratetxnaYoung’smodulus(E2)forsaidsoftmagnetic
layer is in the range of 0.3 < (E1/E2) < 1.3.
6. A master carrier for magnetic transfer,
comprising:
asubstratewitha land/groovepatterncomprising lands
and grooves; and
a patterned magnetic layer, formed on said substrate,
for transferring information to a slave medium to which transfer
is performed;
wherein said patterned magnetic layer comprises a
magnetic land layer provided on each land of said substrate,
amagnetic groove layer provided in each groove of said substrate,
and a reinforcement portion provided between said magnetic land
layer and said magnetic groove layer.
7. A master carrier for magnetic transfer,

comprising:

a substratewitha landpattern, comprisingaplurality
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wherein a correction based on a demagnetizing field is nmade on said |and

pattern so that a desired nagnetization. pattern is tpa ed-pgst he
magnetic | ayer of said magnetic recording nmedium 49 Agg%%&%T N& TER

CARRI ER FOR MAGNETI C TRANSFER A naster carrier for nagnetic transfer is
equi pped with a substrate having a | and/ groove pattern. The | and/ groove
pattern is formed froma nagnetic material and corresponds to information
that is9f dRedsr thatt Badenadiranat yedawimgndiaskurfgaehof aemich il drd,

| and/ groove pattern has four round corners whose radius is from 1%t hrough
47% of ERE wPdmedofos Ermansienckneinfidianatiiskn to a magnetic layer of

a magnetic recording medium;
wherein a correction based on a demagnetizing field
is made on said land pattern so that a desired magnetization

pattern is transferred to the magnetic layer of said magnetic

recording medium,
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20 October 2005

ABSTRACT

MASTER CARRIER FOR MAGNETIC TRANSFER
Amaster carrier formagnetic transfer is equippedwith

a substrate having a land/groove pattern. The land/groove

pattern is formed from‘a magnetic material and corresponds to
information that is transferred to a magnetic recording disk.
Each land in the land/groove pattern has four round corners whose
radius is from 1% through.47% of the width of a data track on

the disk.

Figufe 2
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