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

| NVENTION Field of the Invention The present inventiﬁg%qug es tq}%}naster
carrier for magnetic transfer carrying i nfornation t F R ed
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 mﬂ%ﬁ a nqﬁggtic mat eri al havinﬁéa "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%Qnding 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

Publ i cati on Nos. 63(1988)-183623, 10(1998)-40544, and 10(1998)-269566. The
‘master carrier tH Presgsédinvenhbopadletantof@emastexonstiact 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,ng us 0
generate an optical disk stanper. To enhance the qual#ﬁbgg%xgp n?$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 otﬂggtm&thout.a gg@. | f .t.he con&act,betmeen the two i s poor, regions
where nagRettcCPransFePYi Ytidt- 2389t bhfed IkProraphyr Peipg wegsethiar transfer
i'S not gertorngd, ms ing signals occur in the magnetic information
transf e TBYCPBURECS| HG81REdTGRTANE L 1PRePEf 6hE BhamPrgnalengualtiiop i s

r educed lﬂ t he cgsé where a signal recorded is a servo signal, the

t r acki ngt FURLEPBNPEaRACHSSHe LOUPEREFBREI §noBPELARY, dasd comEwerent|y, there
is a problem that reliability wil] be reduced. In addition, in the
magnet i ¢ transf er LAEPRBACEILNE Frehity af $apanéses loidxaafacdnPaténned
Publ i cati on No. 11§1999)-117800, .a magnetic recording nediumis magnetized
i n advdFThionkr 2P FeEt MBRNOFhei Bal § epxt BeMabY et mparthnt Wit hrangof t
magnetic%l | ayer is brought into direct contact with the nmagnetic recording
medi um U85 tEtafier st et i and the abpye &@dinm hatephioss o cdintectt hth I n this
way, fhore satisfactory transfer is nmade possible. In the aforenentioned
mast er THF Pé#‘,eri"ﬁ’c’?lé%lhtf 2930 L K opadactdemavedattientvhd cpeernhere t he
| and/ groove pattern on the substrate corresponding to transfer information
i s for TP rOMBERAGRATt hat BFang Lo nes smbeefferredopibl eachr) and in

t he Iaq%g%{oove pattern has influence on a transfer 2 20 Cctober 2005
agnetic 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 &TEHISS deadislimaetensi on asfcwaiage ttansfer Ifded dcappéisdi wheme

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 gg\ chngeth b
separation of the soft nagnetic |ayer occurs particularly 8r°a g gge 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
medi um and in the whpl e-surface ntact stat a transfer fiel i S
appl i ed. Ther eaf t¥°¢4 98 EFSBigrP ra%n?f]?]ﬁ%sjs?d?/eer W%%O%?@e

mechani cally separated from.each other, 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 "lands" on the substrate
of . 't hEtHRSCePTeaPHIEr 1 BARIMESSH MThIFEF BASERFoBRF T 28552 Bl 1D St 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 Gh OTha8=t B8
occurs between the naster carrier and the slave nedi dm “Thus, i cones

difficult to performstable magnetic 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
shiftof 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 bygukithizaitagna st eopeonge egakicalr PRthodi hd nakiieh wetidla hsgh
deposited on an original disk having a | and/ groove pattern correspondi ng

to inforaegirer by aceetakyf.ilmformng 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 pnd8okdM Ay (co B0Pi £8) @pd@sss K aeeakdance vt @ 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% Hrahded e hawetham nayreddia iR oxnchigrca gl v tciadn ;orerof  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 H5 of the slave nedium 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% {Rtensdsy adds g Bowesomy e Ineidies pdedeiersamed magnetiizati on
pattern can be obtained if the initial magnetization and the direction of
a transfeleldcintensite dhymethetianardfemagngt iar  reshbrigakrissittween 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 Makkeetcaoniact and breaghtot heb, di oecbycoRYARE #hen el fi el d.
The .magnetic field generation neans uses an el ectromagnet device or

per manemMr regfrets tbsd ol &hel ssteaveeding U Wi GRTBgRATdG d rensfer is
performed by the master carrier of the present invention is brought into

direct GSmGItiGN nadres rast areargdeon A dTRIHORId HYEVisqusly: anlhe
~master carrier has a substrate with a | and/ groove pattern, forneg froma

magnet.i @ kugasifel, £imid i scapp EbadNdIrt Bhé ¢8I DR Iéhé’?ceﬁ:%%ifngr,r ed.

Each of approxinmately rectangular lands in the | and/ groove pattern has
four roli¢ Bepnetscwhbskd rgatiarsation heams1dehbrovgh 4 /Rl tihe Aadpyh of a
data track. The slave medium has a magnetic recording portion to which a
magnet i iatthe diatetcdion parahlSBreotls gnakve KOAI S8 PARHANT (R Eﬁl@cé@@d/ groove
pattern 12 20 Cctober 2005 on the naster carrier is transferred by

appl i caPf@euperdicalst ercoidehd, Ase Wagnsltaver 1RLE WBha itk sbaped

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 a soft magnetic |ayer formed on the | and/groove
pattern; wherein the ratio (E1/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 for
transferring infores$iortiate wltvea nbaidfyreovwhi kit texmsfand | s perfornmed;

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 95805?t03¥9r285§V|ded
in each groove of the substrate, and a reinforcenent portiron provid

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

substrat %o@r@rsr%f@&lﬁg)an%%mon tbyar@dgxyéh@aquﬁ% Wl%hafliiaﬁgfgf ng.
After a magnetic layer 1s formed on the substrate, e surface I's polished

and an uage?@§§@gmednagnetlc | ayer formed on the relnforcenent portion is
r enoved. is preferable that the formation of the nagnetic | ayer be

performed by vacuughfilpforai ﬁ@gltfr@@ﬁéd RAGHe B VALY SYAPPT &L oN,
sputtering, ion plating, etc. Tn accordance wth a Tifth aspect of the

present phgweRtEODand heffet SoREPVALIE AR SRS 8L neRb ‘é‘ﬁef ShpIREREL] Cy
transfer, Conprising: a substrate wth a |and pattern, conprising a

pl ural i t o gakch BN dhal RAVe, 2o TRABELIE chakesr Odva. &%h@%@étf@@@ | and,
and formed for transferring |nfornat|on to a nmagnetic layer of a nagnetlc

r ecor di ngnAegi AL AMRIRIh tApERER 8L b P8y DASE i @ IRIAS L 2L g ié&hd is
made on the |and pattern so that a desired magnetization pattern

transfer&gye&oahaetﬁggmgghétk@y§£og%etbs gpgnetic recording 14 20 Cbtober
2005 medium That is, inthe 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
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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

| NeXpensiyy ar hAGa ébBHeEQicief}ﬁnHE%Te%ronﬁaaéﬂéééési%%%ﬁ%@@ncerﬂ\éf@féf@ third
aspect of the present invention, the ratio (El/ 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 wth a pattern having a shape determned in view of

the influence of a demagnetizing field. In this case, ,.a.desjred
magneti zati on pattern can be recorded with a high deg?8e00§P585canéy on a
magneti c recording nmedium Since a desired nagnetization pattern is
recorded with high fidelity on a magnetic recording nmedium information
based on the nagneti zation pattern can be accurately reproduced.

Parti cul antgntion tie ceasepahene tht hepd B AMd 8 ShSBEVEe B Aifled
-accuracy of tracking is enhanced. BRI EF DESCRI PTI ON THE DRAW NGS The

present inwdrii of tiel 1 nbBueRSE ldDE Bdnagnidtlinng et ah! Wi knrgfergnce to
t he acconpanyi ng drawi ngs wherein: Figure 1A to 1C are diagrans show ng

the stepsdebidedR@reldto Adtans] B4t PBERQA WY SB-H8884 % 1T8SE B hidd &l

constructed according to a first enbodi nent of the present "I nvention;

Fi gure 2of saccwpbaafy \brevh sieymdidi & hee ¢ A 0 oy Rt t &l oF nd 194 he

master carrier; Figure 3 is a sectional view showng the essential part of

a nast emmaxpidt efatCiopavet efl 120U SHh § PR hIBRANG 'ﬁ%ﬁg' bAE ithe
present invention; Figures 4A and 4B are sect i%onal e\elll e lg%ova%dggtﬁow t he

Mast er QRsdd1RlinFmeeNenplieForadyceshaded Bnthh 8yl fE5 30E oAU G pasi ¢
steps for magnetic transfer; Figure 6 is a sectl %naf'l Vi ew SE%V\A ng a naster
carrier caanbeaa B@PE Ly NRGOFSHING AR dipd Pt 1200 218 120 eE RL &L 00 ere
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 AsT"8RGRE Licn Lrpgs flea, 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 ave medi um 2, Beflerhengopo flifsacé afidthethand patsiesun I2aagheanc
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 espbRELRFPORGSa toepy Baditgaal LanBefobPieRothofMEnéandf PakEEHEL Pé2l ayer
32. . The surface opposite to the information carrying surface is held by
i nti mat @fcdit gef tiagnreitielagrew) cardd g snbpsughi opmar 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 dagbarhasbapetof & 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 um

Ther ef ofe2tednwibe zagécopsehpidalandfackoviedpat Vebei ngooraspondéngadi 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 gn 5 nm
the corners will be easily damaged. If it exceeds 47 2r9mocié) &rdizh %I 0SS

wi |l becone greater. In the case that the data track width Wis 2 m 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$ ahll/ groovangataerh ton £herms ulpstafmratdly of5 thve 4Pastmr. cafrier 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 ekt fexteledelud 7 nna, dieeetdong opposi vell obehenaf greatati ohedthe
direction. In the case where the substrate 31 consists of a ferromagnetic
mat er i afaseidihads thiecklelta( Nerckmapadeh i @ its @nsfrer theamabe upeRf bededewi t hout
coating the substrate 31 with the soft nagnetic |ayer 32. However,
sati sf sl Yy 9@renic transfer can be perforned by providing the sof
tmagnetic | ayer 32 whose transfer characteristic is good. In the case
wher e the substr &gl onsi shewnf an aotvegneervonatgrahlhad & landecessary
to provide the soft nmagnetic layer 32. It is preferable that the soft
magnet iIRE YR FP Pee @ 1F 200 Gyt 005 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 Hj, and the
transfer field Hgy in a direction opposite to the aforementioned
direction.
In the case where the substrate 31 consists 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, satisfactorylnagnetic'transfer'can
beperformedbyproviding the softmagnetic layer 32 whose transfer
characteristic is good. In the case where the substrate 31
consists of a nonmagnetic material, it is necessary to provide

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%iandahtecproespahgingont.a Aelvbrstgnal impsoespoaadapt16he
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 obtai ned. Next, based on the | and/ groove pattern on

the surface of the original disk, the surface is plat r
el ectroplated), and a nickel (N) substrate with a po?gtf%%Obﬁgngpgpoove
pattern is generated and separated fromthe original disk. This substrate,
as it is, is enployed as the master carrier, or the |and/groove pattern on
the substrate may be coated with a soft nmagnetic |ayer and a protective
fil m anBhefprepéstasiineisnelstainedr riNgxt | aaddi tromhet hanal/grerent i oned
original disk is plated to generate a second original plate, and by using
t he secBR&tesnigl nhe sdirdlecepd Attihegor Sgjmea T drimid, t hdenelfnce Sapskrabe with

a negative | and/ groove pattern nmay be generated. Furthernore, by plating
the secénd @k¢gireplaiek orrtardentigl ANigskabsekltioni tRRPhbed tiget he
second original, a third original plate is generated, and the third

ori gi naladfiéugrpevelrasta rmhergem tsubshdatepardted Erpasiid ve ibandhgr oove
pattern may be formed. On the other hand, a photoresist pattern is forned
on thedgthss Pt epbetrhtagaissitpesf disrech1oydda B0V ese Batheergl ass
plate; the photoresist is renoved to obtain an original disk; and

t her eaf eerthe lsutbtgraterarey the doomethé nsuiher 8 s BN tHcored teaNReLy The
nmetal material for the substrate 31 can use N or a N alloy. The plating
met hod & croffemagaritig Lagemsimd ssphsteratévelti taneiRngLiald agstRBt al -film
form ng net hods-such as electroless plating, electroplating, sputtering,
ion pl awaser earridr.is preferable that the groove depth (or |and 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 empléy 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 80 to
800 nm The range of 100 to 600 nmis further preferagIOeOCfE% efrorzgﬁgi on of
the soft magnetic layer 32 is performed by formng athi'nTayér o

magnet.ic 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) , &P bhs lapdforecvediat taomicd ,th@olslb{’@er,at@t 81)beiimrtierepngal | oys
with Fe (FeCo, FeCoNi, FeNi Mo, FeAl Si, FeAl, FeTaN, etc.), N, and alloys
with N CENtGEe &G nm. PBhe remiggr % 1 0Beity 680dnFdGofirbner ppedkerpbdd.. It is
~preferable that the thickness of the soft nmagnetic |ayer 32 be in the
range of 50 to 500hahorTied icange thefsofionagnddic Amyies 341k & per fpretdr abl e.
The master carrier may be fornmed by generating a resin substrate using the
af or enelyi 6avdiogi @i blaln player ahdadretipmataiimgl aisdf vacagmefiidml ayer on
the substrate surface. The resin material of the resin substrate is able
to use &GFPing measpn, svgbhass vpolhyvaerbepate,tipol,y Epettylr imet, hdony| at e) ,
etc., vinyl chloride resin, such as poly(vinyl chloride), a vinyl

chl ori delebphoymlG. etecplaepogynetdsdd, cdmpr pRbesnpohyol emateripd pést er,
etc. Polycarbonate is preferable because it has noisture resistance and

di mensi ’éﬁesatcaﬁ meppednd 13yéowd ascosie td pmpheycasieahelG®)t,heléogse burrs
in nolded products, they are renoved by varnishing or polishing. In

addi t i oflthkHeo oiGadiinalCoNdiZzee falibBeZpr ovtdell, witdn a{pi,n addatysowibar coat
by using wultraviolet-ray hardened resin, electron-beam hardened resin, 24
20 Oct ober (Bgo® FeCoNi, FeNiMo, FeAlSi, 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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etc. It is preferable that the land height in the | and/ groove pattern of
the resin substrate be in the range of 50 to 1000 nm, T%% r%n%e gf 100 to
500 nmis further preferable. The m croscopic pattern 8n ChePs r? gé of the
resin substrate is coated with a soft magnetic |ayer to obtain the naster
carrier. The soft magnetic layer is fornmed by depositing a suitable
magnetic, material on the resin_substrate by vacuum filmform ng neans,

such as€¥Gcuuhh dmapsedeishlesphetetPRglandheinhd iigy thet dand4gppaveng
met hod, etc. In the case of perpendicul ar recording, approxinatelé t he
sane nek@bFCERr PFekh8 BeSiRafUBFLTRECaPSr éRehRRORBAEIENOHI Afetor £8BPding i s
"used. That is, a |and/groove pattern is forned on the substrate 31, and
the t op"Bur fldt® HINGheo T b0 ped t 20 Hh W2 15 sTupihed pyofexaieleoft magnetic
| ayer (soft magnetic material) 32. Each land in the land pattern 32a is
rectangul ar i n shélpe, Mi¢Heseer herka ey whdsesed fageocd ehecuéainarc. |t
is prescribed that the radius R of the circular arc of each corner is from
1% t hr o¥igps uyak of is heocdhed vibBkawrdfh weoratiteleanses b ehbaifoklerenti oned
perpendi cular recording, initial DC magnetization is performed so that the
sl ave fedfRd Zarg ivggnelheesbfhmggacdicetayon igek panell byl depesitime sl ave
-medium plane. Wth the slave nedium 2 and the nmaster carrier 3 held in
di rect &cotidarblg mrerthiomadreriak randher repilal dubstappeied vacewe
opposite direction fromthe direction of the initial nmagnetization
di r ect ifonlm & opeviner Heangnetieh asr gasRer evaintoe v + spbsterippel ton s passed
t hrough the soft 25 20 COct ober 2005
: 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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naghetic | ayer 32 of the land pattern 32a of the master carrier , the

3
per pendi cul ar magneti zation of a portion correspondin o.the | pattern
32 is reversed. In this way, a magnetization patternggobFEQESEd?ﬁg5to t he

| and/ gr oove pattern can be recorded on the slave nmedium 2. The sl ave
medi um 2 uses a magnetic recording di sk, which has a magnetic recording
portion %na%netic IayeE% formed on one side or both sides, such as a hard
di sk, a“APBRTAENSRYSE fA%eRibihe hng paditermmieanagidie aasséesr grngipsrtion is
construgted of a coat type magnetic recording layer or a thin netal film
type gneh &?W%ﬁﬁgﬁl@%mnwmﬂﬁ anRPstian eprrhaspPrhdaAnget al
filnltyge magnetic recording layer is able to enploy cobalt (Co) , alloys
wi th Cot®d&dmt Erndaadite xmoPE GrsTaevVEsPeEG: NoTa thdsor®y , GoNkgnebteakiobr on

(Fe), allozs wth Fe (FeCo, FePt, FeCoNi, etc.), N, and alloys with N

(Ni Fe, Rtelgrnruge sapdridct eiher 1and/gapevpmeftdieadl eanberaaserthdy have a
great flux density and also have magnetic anisotropy in the same direction
"~ as the eRrekei shavefmadiwppli ed magnetic field (track direction in the case
of in-plane recording or perpendicular direction in the case of

per pendi cul ar rectrelphgyeasdithet ebor@ mrgn¢ e recamdfiog disrk, whipkrf or ned.
It i's preferable to provide a base |ayer of nonmagnetic base under the
magnet i #2$ni BRPAERLAF. Becophinh@ogitden dhaphetigbbayer k)fanasboai anehe

. required magnetic anisotropy. It is necessary that the crystal structure
~and | at¥34® ogohsthritidest, sHebbase haydrdbek net bhel-denhitiyoskenibiae

magnetic |ayer. For this reason, the base |ayer enploys G, COTi, CoCr,
CrTa, 599 &ltobefhgopsgnetic recording portion 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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CrMo, NA, Ru, etc. Note that before it is brought into direct contact

~with the naster carrier 3, the slave nmedium 2 undergogs -t he. pro of
renoving the microscopic protrusions or dust particleg%ORCtPﬁgrsgﬁﬁgce by
grinding head, a polisher, etc., as occasion demands. In the case of

i n-plane recording, the magnetic-field generation neans, for applying an
initializing field and a transfer field, is constructed of vertically
spaced trWg. ¥iaéirBomgaets that have a coil wound on a core having a gap
which extends in the radial direction of the slave nedium2. Wth the

vertical |y spacediotagheltdnt formdnetsbraughansiies df irebd caanas@ledni n the
sane direction is applied parallel to the data track direction. During

appl i cathermas ter megneitdic 3i ehd, sliee maghet ix uhigd@enenat hep a8ans
applies a transfer field, while the contact body of the slave nedium 2 and

mast er e&rrémovBngsthbenhgrootaped. pAberanoseti 6rfhgkd peperaibgn,geans may
be provided so that it is rotatable. The magnetic field generation neans

my be dheposethonlly engaiediimdeheblle aapBet kel ebdc. gengration; Jgans my
be constructed of a single permanent magnet arranged on one side or two
per manedemamdgmet s arranged on both sides. The magnetic field generation
nmeans in the case of perpendicular recording is constructed of

el ectromagnet s orin phenmansnbMagnel SnOfreaRRREIHE PALahd §4&S; c W Shyare

di sposed above and bel ow a contact body consisting of the slave nedium 27

20 Cct afmmre:2(0fon means, for applying an initializing 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

27




-2 and the master carrier 3. The magnetic field generat: on neans generates
a-magnetic field in a perpendicular direction and apphies,it to .
cont gct body. When the magnetic field generation maa%g §85 %3_85 %bﬁggnetl c
field to a portion of the slave medium2, magnetic transfer is perforned
on the entire surface by noving either the contact body or the magnetic
fireld. -Now, with respect to nodifications and conparative exanples of the
mast er €aaRd &b nasherfé¢amtienbodi Heamagme tdesEieptimmantd 4 i dre mgiavien of the
results of experiments indicating that it is preferable that the radius R
~of the gsoadatesner mebneddach fliedd in Bheckrprddiattianrn diredid omstingr carri er
be in.the aforenentioned range. <Generation of Master Carriers>

Aphot or @ppdtegeliéctronhbeamdrati bgdyesi Bh¢n walse coayrdt i ONfachass pl ate
with a flat surface by a spin coat nmethod. An electron beamwas irradiated
t her eongeheretihe yeass pbpl bewas magriatiad, fidiel ety apeobir@idinng rexpasur e
thereof. Next, the photoresist was devel oped and the exposed portions were
removedslave hmedimman2eriggnatidi skan3ben, ia persobataabe was pheduweed by
plating the original disk with Ni and peeling it off fromthe original

di sk. |sutrhacedndigreages piati¢ ertheotohbecNibalbstr 6@ maghediiad rhbngs with a
width of 0.3 gm a line pitch of 2.5 gm and a groove depth of 0.3 gmare
arranged from t heNa skwient eespent t 0o ans@llf Bkaposhsi @hd ofodPatat #hemm and
the pitch between lines is 0.5 gmat the radially innernpost position 20 mm
away fexamphes doSktbenheste28c20r et obertRO0Birst embodiment, a

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
lineé is 0.5 gm at the radially innermost position 20 mm away

from the disk center.
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-On the Ni substrate, a FeCo30at. % soft magnetic |ayer (a conposition is
given in atomc percent) of thickness 200 nm was formig. OTrge Ar 28 [éter
pressure was 1.5 x 10 1 Pa (1. 08 miorr) and the appl 'dd &I8BEFi B wer was
2.80 WcnR. The data track width Wand the radius R of the circular arc of
the corner in the aforenmentioned pattern were nodified. In a first

nodi fication, a master carrier with W= 0.3 pmand R=5 nmnm(RW=1.7%

- was generated. | romthecndsuipstifdeat BofeCo088S% efofamaigee tiict Dayés 0.3 m
and R=20 nm(RFW=6.7% was generated. In a third nodification, a

mast er CargdmgrosittiforiVis g@vEnuim aditbrid & pirdun ROV Trd2%hesas2gengrat ed. In
a first conparative exanple, a master carrier with W= 0.3 j umand R= 2

nm (R Wa 67 dWasTigenesphrtde d e SA6a 6 QMBAK at V& paX@NT) o fr) MaSt er
carrier with W= 0.1 gmand R =48 nm (R W= 48% was generated. In the

met hod fd nEes WPt ddiee 1@k B5c R@fet head 0pingo ®oemer . the surfaces of the
master carriers after generation were observed based on SEM and the

pattern shapes wene ahsertsed:kx wBasadi andt Fge resulds RS £ ehservath oy the
radius R of each round corner in each |land pattern was cal cul at ed.

<Gener atdowfotha &b aner MditHe alfdaewaguibnkid BhetE-AdyEeY £Edified.
( Shi bauraMechatronics: S 50S Sputtering Apparatus), the pressure was

reducedr @ ¥i38t Xod@f3cBRibh0-4 dRster abaF LOH: LRIPRIAIUIE 3 THEManr gon
(Ar) was introduced and the pressure was increased to 0.4 Pa (3 X 10-3

Torr) R EnBeimt(RYse=CO0UE} | @AS gehHaass Pl aheaWeschratkskf 01 200G29 20
Oct ober 2005
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 pgm 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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and a 3.5" disk-shaped magnetic recording nmedi um (hard di sk) vvith a CTi

| ayer of thickness 60 nm a CoCrPt |ayer of thickness Eic a %@HE
density Ms of 5.7 T (4500 Gauss), and a coercive fi ng “of 1 Al'm
(2500 Ce) was generated and used as the slave nedium <Magnetic Transfer
Test Method> Wth the ring head el ectromagnets arranged so that at the
surface of the slave nedium 2 the peak magnetic field intensity becane 398

KA/m (5908 £e}.8qualskosh¥peq hBgneeeeCirveckuehd Hegival (hesslaws)medi um
2, initial DC magnetization was performed on the slave nedium 2. After the

initialyDehnpopeti Zad 00f. theknst3ve ARG 4ot r@1d]1 8y ERY £ hE dkhie@E Wer e
brought into direct contact with each ot her, and the current t hrough the

ring hepsl nf) @StYIQNRARSLS t4afsCOR! § Of | £d Snd hatuddie, Repk aTRgRSL:G.f | €l d
intensity became 207 KA/ m (2600 QCe) at the surface of the slave medium2 .

A transten gigld yes ol e 'z%otoh%eqp%sg | HerliReld A b Lhe s ection

of the initial %Crragnet|zat|on magneti c transfer was
per f.or netaNoheqthat the intinate. cont act bet ween the naster carrier and
the slave nediumwas perfornmed by clanping with alum num plates through

rubber plates. <Ngj ©f E@f@éﬁ@fégggg&gnﬁgt@agl ty> The signals

‘transferred to the sTave nediumwere evaluated by an el ectronagnetic

t ransformation chaf@cteld sihg hé@ﬁ%&@d&&%@é&%r&%@@% &> aqidonkcs:
'SS-60). A magneto resistive (MR) head was used which has a read gap of

0.19 U tHB sarkaad i dhd sakve. nQe&mm 2 HROPE Sk B9 gRedd g8 0 1 Atdnyiryand 30
20 Cct ober 2005

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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a recording track wwdth of 2. 6 m The read signal was separated into
frequency conponents with a spectrum anal yzer, and a grff ncezé N)
bet ween the peak intensity C of the primary signal an Eorr medi um
noi se N was neasured. Due to |arge anounts of eccentricity occurring in
the slave nediuns when set in the apparatus, it was not possible to
evaluate all of the signals across one whole rotation. Therefore,

eval uata eesowerieg peidlowiadhl ®eal by mut | The ireedas 1 @adll galesépeiton. | n
addition, for cases in which the track width was narrower than the read

wi dt h dintdef heqoendhecdiidbivah tie whash car spet ethuf shradasdirzedhdf ar the track
wi dth. As a conventional nethod, signals were recorded and reproduced with

t he sarmbifRheack AW thecwadc utiad esbdE N vadneiag © 6B, tiad eyahaayi on was
made by a relative value (AC/N . If the relative value (AC N) becones

| ess t @iy 4 eatiaiei dibariepgAbiY amdidiesd Nofad RaBpured. 0 e ticheasggnal
intensity becones smaller and causes poor transfer. Therefore, in the case

of - 3anmbwikonrgeestRiritits @valtwimey iastgeos £ med@nshd Ahkhese€ase of
|l ess than - 3.0 dB it is evaluated as poor (X). The results are listed in

Tabl e Lin WMesipignSigngl anddtidatgonactcSwaldmiding et hod>xiagnetic
transfer was repeated 1000 tines by using the sanme naster carrier.

Ther eafdiginalas BBEOELI dhdlauel epidiga SDIN] | Ahe S Hrghuehesheabers! G
Marker Q was diluted to 1/10 and dropped on the slave nmedium The slave

medi umpsast chmeatll a8d1 1 g vauantiing aqfeaﬁw&te%nﬁt@o@BVet[ﬁﬂﬁﬂjﬂﬂ:ﬂﬁl end was
evaluated The nunmber 31 20 Cctober 2005
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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of m ssing signals present on the slave nmediumwas randomy observed

within a visual field of 100 at a 1:50 magnification .a i%g as50:

~ differential interference m croscope. |If the nunber é)fg.mcsé’u %6 spa?lals
within the 100 visual fieldis 5 or less, it is evaluated as good (0) . In
the case of 6 to 9 mssing signals, it is evaluated as fair (0) . In the

case of 10 or nore mssing signals, it is evaluated as poor (X) . The
resul t s cif endswlireatseidnd s Tabiserlt drabite Is 1Goranaiediae kv Wagidah unber  of
radi us Rwi dthqual itym ssing (nm(um (% (dB)signals First50.31.7-0.2(0)4(0)
odi fi catdbore3G8] 36.tHiG h( 0)i408) Beevddosdidd cat i 4D mbdfrileG()id0) Third
odi fication 20.30.67+0.5(0)43(X) First conparative exanple

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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480. 148-3.6(X)2(0) Second conparative exanple As can be seen from Table 1,

inthe first conparative exanple in which the corner Jadjus, R i nm(R'W
= 0.67% , signal quality is good, but a great nurrber2O gkﬁpggfnggépgnals
have occurred due to danage 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 454BmMmaRIM® 4. 7.7 o A504%) Sistnla10e@lilliky 8 sSkigRhkY yi @B@é%@&r to the
first conparative exanple. However, signal quality is” in“a good range, the

nunber @b Ghesfigssi absra6iFONSIAGIRD! ¥ nohedusedsignd t ‘EBEF@V\EQ 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

| 0ss hasefgeuepdasigppbrauaki 0 fgE- Lhesult, it
is prefe?able fhat t he Eornérﬁfaﬁgﬁzggf%ngﬁg %ﬁ%ﬁggﬁg§£o¥hés%%nég'nnland

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

Etgét}éfgﬁ%%QﬁQ%?ﬁaﬂ@ﬂuk@§ ﬁﬁﬁjotﬁ%/ﬁ¥bﬁieﬁ-J?U@Sééiﬂgdgkgﬁ?ig'lsfor the
g a land/ groove pattern to a Young nodul us
considered practically negligible. However, an increase in
recordinglosshasreducedsignalqualityandcausedpoortransfer.
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
carrieri%isjjltheaforementionedrange,thereisxu:possibility
that the deformations of the substraté 31 and slave medium 2

| willbeshiftedgreatlyfromeachothereveneﬂ:agreatlydeformed
portion of the master carrier 3, when the master carrier 3 and
the slave medium 2 are repeatedly broughtrinto direct contact

by strong pressure during magnetic transfer, Therefore,

separation of the soft magnetic layer 32 can be prevented, the
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(E2) for the soft magnetic |layer 32 forned on the | and/ groove pattern is
in the range of 0.3 < (EI/E2) < 1.3. If the ratio El/ f.the Y 'S
nodul us ratio of the substrate 31 to that of the sof E%ngﬁﬁé’?)ief ?gggr 32 of
the master carrier 3 is in the aforenentioned range, there is no

possibility that the deformations of the substrate 31 and slave nmedium 2
wll be shifted greatly fromeach other even at a greatly deforned portion

of the Basueregir bEradst WheR 1416 SRshebeCAtEL &Rt daanghaltife Y ﬁgﬁﬂ?d' um 2

are repeatedly brought into direct contact by strong pressure duri’ng

magnet | 6 £t 2sé £Er r JNRRFANG caSBRAEALLPBAO! FhELS JEoPQQ’a%tﬂ H1@ef 32 can
be prevented, the 33 20 Cctober 2005 occurrence of st parti c es can be

prevent e¢, taRdhRe quakikY 0r0f LEARSHHAG S gnal s can be ensured.
Furthernore, durability .of the master carrier 3 is enhanced. Now, a

descripti on wi |1 Rgugi¥en & fdidi 541088 £ JEI AL 0L 152 of the
S Phuety

Young's nodul us rati o of the substrate nmagnhet 1 c T ayer of

the MasiREcHaHd @étwmbﬁz@f%é%% Ven ! %kg@&b tﬂé‘§u%%%’}a%%anged

In addition, a description wl e res experinents

'nd'Cattagthbhabf'Ehbsmﬁﬁﬁgﬁﬁébhngggagft@ﬁeYﬁHgQ % @g@ﬁf&}l}ﬁléﬁkﬁiln the

af orenent i oned range The exper| nts were carried out t he sane nmanner

I S
as the é%@féﬂ@ﬂth@ﬂ@g rﬁ@@ifi&ﬂi&?@ha@ﬂ'ﬂe‘% fﬁ'g'gBS{an ﬁ] r%. fil '%“a S Wi

eval uated. The results are indicated in rough t he

third nedsEieatign%: 1ths gSYBSLEaliR fggﬁrﬁg%f%xa&ruﬁé}&@%% LG s haver

consists of a
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 ratic 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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FeCo30at. % | ayer (a conposition is given in atomc percent), the Young's
nodul us ratio EI/E2 is 1.02, and the eval uation of nE%sb%%O%Egngbﬁ i's
good. The naster carrier in a fourth nodification is™the sare as Rat of
the first nodification, the material of the substrate is changed to a
constantan, and the Young's nodulus ratio E1/E2 is 1.25. The master
carrier ina fifth nodification is the sane as that of the first

nmodi fi cahdarhe Yohegiatesdal uofrdtie BUPELrad @ 53 . changesh 41 vagstien
‘carbide, and the Young's nodulus ratio E1/E2 is 0.38. The nmaster carrier
in a sixbhhampdiréheht nodifschbéosaie @aBet BaheOhst RBaki 6t thEOdHifdsgati on, the
material of the substrate is changed to copper, 34 20 COctober 2005 and the

Young' smondiostiahi otkb/k2tesid158r fhe BBBkekatar ikehanged $@venth
nodi fication is the sanme as that of the first nodification, the materi al

of the ptbgtaabenkseshanyede! Poungt ¥GRSRONA a2 taRdEl Pe2 Ypsng 1 nodyl us
ratio E1/E2 is 0.19. As indicated in Table 2, the evaluation of m ssing

si gnal sifietchbed froutbheand fhd thanbedidieBESnNOsE YPLUN0A Bs MRAULHS ratio
is within the aforenentioned range is good. In the sixth and seventh

enbodi nEoh st WABSE I YEHH @S ADESh S whakked dudh 4 8PBEhYu oWt ide: ki thhe

af orenenti oned range, the nunber of mssing signals is increased and

t her ef otige thEopaadhiBi b8 | Bahgelis Tghbe. 2 MPWHE SsNupesn@f s&PEREYS M ssing
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
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ratio (e)signals ourth nodificationl.253(0) ifth nodification0.382(0) 3ixth
nodi fi cationl. 536(A) ~ixth nodification0.199(0) A second. e di of the
present invention will hereinafter be described in d%@aicgggﬁﬁh%§b5
schematically shows the essential part of a master carrier fabricated
according to the second enbodinment. Fig. 4 shows how the nmaster carrier is
generated. Now, the basic steps of magnetic transfer that is the subject

of the pledéntefihvanid gadwi iMeenieseripedhiarle peepatade The Blgves. This
exanple is in-plane recording. Initially, a 35 20 Cctober 2005 sl ave nedi um

22 and Befd: 2 taf pinegrEs iar ee pr epine da yFhensittaveh maguoe tic 22 anad ea
magnetic recording |ayer on which nmagnetic transfer is perforned. As shown
in Fig. 15Bpetfeonmest.er Agashven 28 Fig.cbBstthetmdsbbracsubserafd 24 whose
m croscopi ¢ | and/ groove pattern is coated with a magnetic |ayer 25, and
has a | grdsrocred pdt tesmbistrate 2dowhplse magmeticopiay dam2b griexts, as
showmn in Fig. 5A initial magnetization (DC demagnetization) is perforned
so t hat peh&emaghetdoa teldawet Imedihagm@Ri ¢ d ayegn2b | zed! hasané adidy/ectioor  al ong
a data track direction by an initializing field H n- Thereafter, as shown
i n Fi g. P8BLetrhe foragrdt ftometbe diagnsui ¢ ateyenf23 he Nedxay e asedihwwmn22nand t he
| and/ gr oove pattern of the nagnetic |ayer 25 of the nmaster carrier 23 are
br ought Figt ®Adi irttigbdmeartet iwiatth ceathC deheppeandad ibnaniss pertoemddHdu i n
t he opposite direction : '

so that themagnetic slavemedium 22 ismagnetized in one direction

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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fromthe direction of the initializing field Hn is applied in the data
track direction of the slave nedium 22, whereby nagnegkp C%r %Sf?b IS
performed. The transfer field Hdu is passed through te A& 5a tgén of

t he magnetic | ayer 25. Although the nmagnetization in the land pattern is
not reversed, the nagnetization in each groove is reversed. As a result,
as shown in Fig. 5C, a magnetization pattern corresponding to the

| 'and/ groove patters ehowheimdjiet iX, kayest2h ohriber mGifer gagheeic 23 is
transferred and recorded on the data tracks of the slave nedium 22. Note
that i ntrhasfasel pkgquéppeddi i arsulesorstag.l, Wegrehas 4 hansbgEopap be
performed on a slave nmedium by using approximately the sane naster carrier
as t hat lahdf peocogkopemertrnoneds i st phgner regodsliqig, 3fodyeGcuaber 2805 As
shown in Fig. 3, a master carrier 40 for magnetic transfer is equi pped

with a sebstratemébt phitchoiiadla. MMHOSEOPEE pbardbadFome BabieFhte :
consisting of |ands 41a, grooves 41b, and reinforcenent portions 4l1lc. The
surf acélpbstpoovofiethei shibstmagmet 4d Isydy o dedmeict Andonegaekhspbayer 42
~formed into the. shape of a pattern corresponding to information to be

t ransf erfed. pafThatni sprirheponghati €ol aMebradtE0ASESt B Of rAROASL €4 ! and
| ayers 42a provided in the |lands 41la, and magnetic groove |ayers 42b

provi dehan ide tgromegaesih. 1 Bps mwen cbhe 1 BRENSE inadrantd d a¥gR 149a-and the
magneti c groove |ayer 42b, the reinforcenent portion 4lc is erected in the

| and 4142afprdrei Sedsin aties 4bndy 4lhe easemabnbite cS§e88F b} Feq, Shown in
Fig. 3, the reinforcenent portions 41c are arranged on both sides of
" 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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the | and 4l1a of the substrate 41 and are fornmed into the shape of a narrow
W dth protrusion so that they becone coplanar with t%; l.and.41a 3%% t he
a

rei nforcenent portions 41c, the magnetic |and | ayer q;go ﬁgig i'n the

groove region formed in the land 4la. For the nmaster carrier 40 nentioned
~above, the substrate 41 with a m croscopic |and/ groove pattern consisting
of lands. 4l1la, grooves 41b, and reinforcenent portions 41c is first

gener at é@r&ek g5 Hen shgtmpke THe ticard Pyecete rpamest thvicknesdi fiehent
depths can be formed, for exanple, by nmultistage exposure and etching. The
subst r afeS@ftcmagpetgenwpteedabyby vasewert imgf cenmplray imegisheuckndsgr oove
pattern. Next, as shown in Fig. 4B, the nmagnetic layer 42 is 37 20 Cctober
2005 f oVREHUSN evia@ ongi¥siorat epdit teg iagpr edet edmitieds,t kitckness theh a soft
magnetic material by vacuumfilmform ng means such as vacuum evaporati on,
sput t er PagnReitdis peaeirngZ, ein. adaithen pmgriet inadmatarc 42nd nageddi Bean to the
magnetic |and | ayer 42a on the |l and 41la and the magnetic groove |ayer 42b
wi t hi n Phethgr dend 41k, aad Gheemegsatycnggnetiec lbgyer 42Bcwiishfiar kg on t he
rei nforcenent portion 41c. Thereafter, the surface of the substrate 41 with
the naghepve #aheraduirfrorgasbaremegmeits cpbbivehed2t ol s efonned b@ the
unnecessary magnetic layer 42c forned on the reinforcenent portion 4lc,
and t hergaghericemtapdpbayérndgaci.s polished so that it becones copl anar
with the reinforcenent portion 41c. In this way, the master carrier 40 is
fornmed as shown i BhEkgafBer, 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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According to the second enbodi nent, the magnetic |land |ayer 42a on the

master carrier 40 is reinforced by the reinforcenent %Ob%kg%eél%o g t he

substrate 41 formed in the boundary portion between he magneti and

- layer 42a and the nmagnetic groove |ayer 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 nmedi ummetdithiargtRagreigict bratisé afeinfer cetierabpbirtyoaf4the mast er

carrier 40 is enhanced, so the long life is achieved. At the sane tineg,

t he patéerthehagstoraes o1 maly ioa 1 oee tHabtBe MYRKNS 4 6 ARskatiagodr De
repeatedly perfornmed. The occurrence of dust particles due to wear is also
reducediswng 14hereipie the occurrence of poor transfer can be prevented. 38
20 Oct ober 2005 Note that the height of the reinforcenent portion 41c of

the substrate 41 maymbstbowerriilkan ¢ Be tHi skagsst ahvidhe ieggnet f6rmd and
| ayer 42a. The nmaster carrier 40 of the present invention perforns

nmagnet irgadriiatnsd ef rams 641 1 @rs SEEPSr tHdhwsen shiowe ishdwg. id. Fidhag. is, the
master carrier 40 is brought into direct contact wth the slave nedlun122

nmagnet iged i1k, Ort‘iléjhfa%%@roﬂa(rtrri@%k40dhéel§£b@?h@r11§)@c5 pened el @nghgect i on) .
In this intimte contact state, a transfer eld is applied in

appr oxiviairel shd hel Drpasddfam B 2 Qﬂé?ﬁt:ﬁi&ﬂn ihesrkh rectdONi O tHeack
initializing field by a field applying device such as el ectronagnets, etc.

In thi gimieion od ldizalia0d Pod & €1 o COT respensii Rg 1k tleheod @neld gr oove
pattern (transfer information) of the master carrier 40 is transferred
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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and recorded on the slave nmedium 22. The substrate 41 of the master carrier
40 enpl oys nickel, silicon, alumnum alloys, etc. Tgﬁ)k%ggﬁgﬁp%%%5pattern
is formed by a stanmper generation nethod, etc. In the stanpér generation
nmet hod, a photoresist film is first coated on the smooth surface of a
glass plate (or a quartz plate) by spinning the glass plate. Then, a |aser
i ght beam (or an el ectron bea modul at ed according to a servo signal is
i rradi atB& BReretindagidadavprat 2 fusebngieet atdiitenridia hEotpaesdrt on t he
magnetic |and |ayers 42a, for exanple, a pattern corresponding to a servo
si gnal f31Bxp6sE&EMOYREr eaf PRPLoERE1SFhdidmedissormem pgadavdinopse to renpve
t he exposed portions, and the glass plate is etched to form groove regions
in whi chfggerente: popedmaP@es .t h&hamgridtarn fanthe gyeryesZd i eebppped. After
the photoresist filmis renoved, a photoresist filmis forned again in the
- af or eneBhpspadtaunnthe Phetpacsési foimt he develepedlbol seawpesele
Thereafter, the photoresist filmis devel oped to renove the exposed

por t i ons¥Paftdt herl ears, pd dlis gdiesisedl abef bs migrlooldo fegmogsoove
corresponding to the grooves 41b. Note that the etching tine is changed to
change raglideptdpwfesdmdimgbte. thagaddivesohlh. t Neter deat dfheegpoking nay be
reversed. After the photoresist filmis renoved, an original disk with a

| and/ grobwe jparhengedi o siitaaigredheNéswth lodsthe grradies | addy gdddyiopatt ern on
the surface of the original disk, the surface is plated (or

el ect r otypeeidenmif xpisstreatmea wikieh mveasd/dyr odfeepather phpsorgehst at ed and

separated fromthe original disk. It is preferable
film is removed, an original disk 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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that the groove depth (or the height of the land 4la) in the |and/groove
pattern of the substrate 41 be in the range of 80 t0,30 h nge of
100 to 600 nmis further preferable. In addition, thezgf %rcg%ﬁ}-i grqgg
original disk is plated to generate a second original plate, and by using
the second original disk, plating is perfornmed, whereby a substrate with
a reversed | and/ groove pattern may be generated. Furthernore, by plating
t he secthlhovpginal fdlBk formhagdBRRRg - aSHEl ASSTRGENBNEVAPPIR&done t he
second original, a third original plate is generated, and the third

ori gi nafPErERTiBgp| apBdplakanrgbyescsubst Paeéingt methoflandtgr oolke pattern
may be fornmed. As nentioned previously, the formati on of the nmagnetic

| ayer 4vagnehbeiprtedisy 66r bhagmagnabhc| dggerof2magnabie tatenphdy40 20
Oct ober 2005 with vacuum filmform ng nmeans, such as vacuum evaporati on,
sput t er¢okglt ofoil.ael hgysetith Ca (Talii ngoeZirodCodTaZThetonagneton
material of the magnetic |layer 42 is able to enploy cobalt (Co), alloys
wi t h ColHedoNialloon #ith@eN\iFaZer, Be@oli, iFledinMo(FadAl%d | o\ lwi FaT&ER, ( FeCo,
FeCoNi, FeN Mo, FeAl Si, FeAl, FeTaN, etc.), N, and alloys with Ni (N Fe,
etc.). Sz ) cWiar bpd #FeVoys andFECONN1Be ¢ giref)ler aFeetibtileslyr eFeCabl e t hat
the thickness of the magnetic |ayer 42 be in the range of 50 to 500 nm
The r &gk FeCold0are Hoefenah ke f urithés preferakete tAamighet titi tkoess er

met hod according to a third enbodinent of the present invention wll

her ei n&ft dheheadesdriidhddiyeam 4debei in thetrahdy,ofa deser 5PV om.wi The be gi ven
of a master <carrier, which is enployed for nmagnetic transfer, and a
magnet i@nge of 100 to 400 nm is further preferred.

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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recording medium which is a slave nediumto which predeterm ned
information is transferred magnetically fromthe mast er ga%r%e&.Zﬁég. 6
shows the cross section of a magnetic recording nediuﬁl T 8hdTa ter
carrier 54. The magnetic recording nmedium 51 is a nmagnetic disk for

| ongi tudi nal recording and has a nmagnetic |ayer (recording-reproducing

| ayer) 53 on a base 52. In Fig. 6, the recording-reproducing |layer 53 is
provi dedo om fsiyatoien (@.de 08 dsdevdbaserz) Hhweves ta beotdangfeepeaduci ng
| ayers may be provided on both sides of the base 52, respectively. Note

t hat t heo hase rB2offdy nhe raphatidcsubsligée 57 ofl i hlaensbst raterdihe naster
carrier 54 is forned into a disk shape and equipped with a substrate 55

and a seddiamgnet i ThéayeEr nynctie: 1 sy f 866 Hfothed sHbskriaiml Sotbasna | and
pattern corresponding 41 20 Cctober 2005 to information (e.g., a servo

si gnal )of hak i dtardie §5 angLs Fedult) thiand Seor dhpgi s epuddiedngppeyer 53 of
the magnetic recording nmedium5l . The soft magnetic layer 56 1s fornmed on

the | angpet terght tfrd heatUbshEakes58f A uesiiy dfheamast v mﬂﬁﬁr 54 is
equi pped with a pattern that consists of a plurality of |ands 57 having

nmagnet ifadiyeis Dayéhe banehsurdsgesurtotest hatotdaHmstiate wadtder 54 is
not limted to the structure of the third enbodinent. The soft nmagnetic

layer reyrbeef ounrinen 19akYetite tBAET @fcthhi® of 8RE thatiEsmbo@imdnti ed in
only the grooves. In addition, in the case where the substrate is conposed

of a ferHoOmEehagnd@lenhgbrsual) B Mbxméd SOhIROELHal vAYEsngedth® be
coated with a soft nmagnetic material. The |and pattern provided on the
subst r d@tsnhé YW aeer s Rgbwaleentind entike thralgkebrekhat 160084 5¢ Son, in
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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of a plurality of lands having magnetic |ayers on the |land surfaces."”

Furt hernore, |ands consisting of soft magnetic |ayer be fo in
pattern formon a flat substrate. In addition, if the§SE§§Fﬁ§§F Pgégr of
the master carrier is coated with a protective filmsuch as a dianond-1|i ke
carbon (DLC) film it is preferable because contact reliability is
enhanced by the protective filmand therefore nagnetic transfer can be

per f or ne@gmaggesar ingniée 1df dei heg . mdune hie norans 1S wWiidhmreseeclietbor ned
under the DLC protective filmby sputtering, etc. The pattern consisting of
a pl ur aki mpgoetliandd onapatgermagheéthc ikayerasdarthd tandheumbgnesicwhich is
determ ned from the |l andpattern of the substrate and the thickness of the
magnet i tayeayeif, the degeebhinedenrddngi sedatimonyohayhetinf tuenseeef a 42 20
Oct ober 2005 demagnetizing field during nagnetic transfer, with respect to
a magneThaatisonthattardpabtehniis teaashéneddd ohhbehpgaghbeizhayen of the
magneti c recordi ng nmedium by magnetic transfer. That is, the land pattern
i s det epathedndmeddiats thée shgeétdazatdon patrkespe bEEOPESL v, desi 1eddpat tern.
More specifically, the land pattern on the nmaster carrier is formed so
that i tpastaoh dnltheimdstespentricar a deRived morekiczati 08 pattern that is
transferred to the magnetic | ayer of the nagnetic recording nedium MNbore
speci fieathyreapaagneti & desdrdingagrdtiigntivbhchattera shaveipediumto

whi ch magnetic transfer is perforned, the conmponents of a nmaster carrier,
and a patiesfietpedetor ansfeagedticaleydet efntnednadhenict rapstaingual ity
(e.g., a reproduced

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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signal) is confirmed by a conbination of these. Based on-the transfer
quality, the pattern that is provided on the naster gﬁka%%Hé% %%5%ected.
For exanpl e, suppose that as shown in Fig. 6, a desire magheti zation
~pattern to be transferred to the magnetic layer 53 of the nagnetic
recording nediumb51 is a pattern in which magnetization directions are
reversed at regular intervals. Wen magnetic transfer is perforned, a

t ransf ethé melst eirscappleed4 eddméde meagreticadiayerradsatitheramonet i c
recordi ng nmedium 51 and the nagnetic |ayer 56 of the nmaster carrier 54
hel d i nTbkerefore caint adte wattteaacknother magné i€l BSE€o PHDKG MeFivmsdescri bed
later. A small region in the nagnetic |ayer 53 of the magnetic recording

nmedi um Sfiteor tespofish Ngi £ oclidievi@gh @ detrerddiod sy migrkd 20 Oct ober
2005 the nmaster carrier 54 becomes a nmagnetization transition region.

Ther ef arecoidindipepatinedinconrébponagngtictiegebdivedpamtainchd 1afder
transfer, if the wwdth B of the region of the magnetic recordi ng nmedium 51

cor r espandiieg nias e cgiredee I3at peedmbbenk apdser Ofhdhet RS EAtE A Ider 54
becomes narrower than the width A of the groove by a demagnetizing field
duri ng @ppldesiteonofa alerd@nsiesidd edihld ey ite @St &faCadd i®F D4 S

equi pped with a pattern in which the land is narrowed so that the width A

becomes ravisifyr tfian d,he heindttheBma$bherdeangiet i 24 ngs fdpl thneeds: o e
determ ned by the aforenentioned recursive nmethod, because it relates to

al | elperterds inhitchcakbeenph@Yedn s ArPréd FOTLRYL NBONQRLEIE ht A MidRfes Such as
the slave nedium (particularly, the thickness and nagnetic
wider than the width 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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characteristic of the magnetic layer), the pattern shape on the nmaster
carrier, the m ninmum di nension of the |land, etc. The %g@%tt Bel;:r%%ger
performed with the recording-reproducing Iayer 53 of the magneti

recording nmedium 51 and the soft magnetic |layer 6 of the naster carrl er 54
held in direct contact with each other or in close proximty. Fig. 7 shows
the basic steps of the nagnetic transfer. Fig. 7A shows the step of

i ni tial itAosgaing meghem &lrecmldi ke wediomaing-gepiBdurd net dmyefr Br3 ngi ng
"the master carrier and the magnetic recording nediuminto direct contact
with eadls etiem. and then applying a transfer field Hdu, and Fig. 7C the
magneti zation of the nmagnetic recordi ng nedi um obtai ned after nagnetic
transfer. Note inAshehbwvguredichaVAf orthe¢ heegmghietg-cr el @ cotplery<A005
recordi ng nmedium 51, only the recordi ng-reproducing |layer 53 is shown. As
shown i B3Fig. ifdrikhézedcey dpg-rien edudnigilbayeringdBikesdi Bifial icied by
applying an initializing field Hn in one direction (longitudinal

di rect i darefta odafl bonrgackdomt Héreaghenicf ardsda diragk medt berabnetic
Thereafter, as shown in Fig. 7B, the initialized recording-reproducing

| ayer 5%ecbrthegnagaeiinc Siécordi ng nmedium 51, and an information carrying
surface consisting of a soft magnetic |ayer 56 coated on a |and pattern on
the substrate 51 Tbkraambsterasashben 54, Fage fliel,dthe dhdsdaprhiexidnty to
~each other (in the figure, inintimate contact with each other) , anda

t r ansf erecpirdi dgHaepirsdapphigels yaw SBeo Hppesnbendi i eatd arrddromudelid ek r ect i on

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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of the initializing field Hn to performmagnetic transfer. Consequently,
magneti zation reversal takes place at the small reqgi %So%‘?;o%%‘% 2005
recordi ng-reproduci ng | ayer 53 corresponding to the groove regi ons between
the lands in the |and pattern.of the naster carrier 54. As shown in Fig.
7C, the information (e.g., a servo signal) carried by the nmaster carrier
54 is magnetically transferred and recorded on the recording-reproduci ng
| ayer 53 of the hAgaeneticdomnd fnyr hedeamo3nedNot bhekdo vemend iseegssar y
that the initializing field Hn and the transfer field Hdu enpl oy val ues
~det er nithedneén by wfsildedatd dheofiasber comrciare offi the wfesdret dnyvatiedi um and
the relative nagnetic perneabilities of the master carrier and the slave
medi umha@ging aOptbbern2f®5ndd impgoesidetpbnsherf dempanfdrimddoi—f itia
af orenenti oned manner by utilizing the master carrier of the present
i nvent i ohrréaviog, aa ptdiered fuorgresk i 7n coms imErat ool wemmgmetitzilyg-fiel d
correction, a desired magnetization pattern can be accurately transferred
to a negnensfereedrto ry mprhaimc Rardawdd ey Imgdium. t e rddsmlsidng tihi s
information is a servo signal, tracking servo performance is enhanced.
Fi nal | ythedviase vherprdseninfoveation ims dxesm dégorilbedrackiig sefreoence to
the preferred enbodi nents thereof, the inventionis not to be limted to
t he detpétSoghyeneheseenhaboed.my be nodified within the scope of the
i nvention hereinafter clained. 46

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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20 Oct ober 2005 What is clainmed is: 1. A master carrier for magnetic

transfer, conprising: a substrate with a |and/groove pattern.fopped from
a magnetic material, which corresponds to information to be transterred,;

wherein each of approximately rectangular |lands in said |and/groove
~pattern has four round corners whose radius is from 1% through 47% of the

“width ofthatdatachhagky 425.The master carrier as set forth in claiml,
wherein said substrate has nickel as its main conponent. 3. The naster

carrier as set fofth dn, ' [ erein said magnetic material
‘covering the surface ‘of ﬁ%l{na%a Elr%%veorplg??‘é‘? 18ft§§ﬂﬁ%§ﬁbstrate is a
soft nsg&g%i:gsgﬁ erial whose coercive field is 48 KAAm (= 600 Ce) or |ess.

4. A magnetic transfer nmethod conprising the steps of: applying an
initializing fiel ster, carri.er onprising a substrate with a

| and/ gr oove pat't e?n%lﬁ)\/\%%%? sf’”ftg} r‘?e&anﬂ/:(ﬂﬁr%’vﬁa Ged ratf@nmgd faem
correspongs i pf tion to be transferred, and in which each of

appr oxi mat e?é&r:%gtrg%g%fé?ff a‘ﬁlaécpncgﬁfﬁspgﬁ‘gﬁgFBO&é‘fﬁ&'Flaérlﬁmhé's) fsur round

cor nerstmgfe];]@g;?us is from1%through 47% of the width of a data track;
bringing said naster carrier into direct contact with a slave nedium

havi-ng a nagneti ecordin rtion; and transferring a magneti zation
pattern corr espoﬁﬂd{enrce noe%r.gh 8% approximatelyrectangular landgs insaid

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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20 Cctober 2005 said | and/ groove pattern to said slave medi um by applyihg a
transfer field to said master carrier being held in diye¢l . (GpaLa6HasW th

said slave nmedium 5. A nmaster carrier for nmagnetic transfer, conprising:
a substrate with a | and/ groove pattern; and a soft nagnetic |ayer forned on
said | and/ groove pattern; wherein the ratio (ElI/E2) of a Young's nodul us
(El') for ,said supbstrate to a Young's nodulus (E2) for said soft magnetic
| ayer i $3iq {Fed/gFgever Patdexrn By Rl slage gediurndtverepaiiing & or
magnetic transfer, conprising: a substrate with a |and/groove pattern
conpr i sitAgrisdRdst i ahltgrseovsas apd carpaerdraied haddd ditegecontected on
said substrate, for transferring information to a slave nediumto which
t r ansf eWitihs spdef elawe; maldusi-n sai d patterned magnetic |ayer conprises a
magnetic |and |ayer provided on each |and of said substrate, a magnetic
groove |ayer provbded inasheh cpooler ofosarabyrseibst ratansfand a
rei nforcement portion provided between said magnetic land |ayer and said
magnet | ECHP&s¥anPayer. 7. A master carrier for magnetic transfer,
conprising: a substrate with a land pattern, conprising a plurality 48
: ' 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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20 Cctober 2005 of lands that have a magnetic layer on a surface of each
|l and, and fornmed for transferring information to a ”@@n%E%§bE§y§bOSf. a

magnetic recording medium wherein a correction based on a denagneti zi ng
field is made on said l'and pattern so that a desired nagnetization
pattern is transferred to the magnetic |ayer of said nmagnetic recording
medi um 49 .
_ 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
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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