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24 June 2005 NMASTER | NFORMATI ON CARRI ER FOR MAGNETI C TRANSFER AND MAGNETI C
TRANSFER METHOD BACKGROUND OF THE | NVENTION Fi el d of th24 #unes?i0Bon Thi s
invention relates to a master information carrier carrying thereon an
irregularity pattern representing the information to be . transferred to a
magnetic medium and a magnetic transfer nethod.- Description of the Related
Art Wth an increase in information quantity, there is a demand for a
magneti c recordi ng medi umwhich is high, in nenory capacity, low in cost

and pref er bl yaragul iRroMOOR, CARRIER KCRAUARHEdd caESRRARY Par ! of data

WS SO-C -Spéed access).

an exampl e of such a MAARCLENESIS! dRAGSHRA Wyere has been known a
uc

high recording density nagnetic nediums as a hard disc, a zip
(lonmega) and the like. In such a high recording density magnetic medi um
the recording area is formed by narrow data tracks. In order to cause a

magnetic head to 'accurat@iékéﬂ Osﬁucf;h'?afmldla&? tracks and reproduce

the data at a high SIN ratio, the so-called servo tracking techni que has

been enployed. In order tg;pesf e Lye.tracking, it is necessary  to
wite servo information su -Qf GETLROCTRS nglgn|gnals for positioning the

data tracks, aﬂﬂf@%.%@%gﬂ@ns cb9Ltblecdal o el i‘%l%%m%%ol%n carrier

. carrying thereon an irregularity pattern representing the
information to be  transferred to a maghetic medium and a
- magnetic transfer method.

Description of the Related Art

With an increase in information quantity, there is a
demand for a magnetic recording medium which is high in memory
| capacity, low in cost and preferably requires a short time to
read out a necessary part of data (a magnetic recording medium
v&hich allows so-called high-speed access). As an example of
such a magnetic recording medium, there has been known a high
‘recording density magnetic medium such as a hard disc, a zip
(Ioméga) and the like. In such a high recording density
magnetic medium, th-e recording area is formed 'by narrow data
ﬁracks - In order to cause a magnetic head to accurately trace
such narrow data tracks and reproduce the data at a high S/N
ratio, the so-called servo tracking technique has been
.émployed.
In order to perform the servo tracking, it is necessary
to write servo information such as servo tracking sig_nais- for

positioning the data tracks, address signals for the data




tracks and reproduction clock signals on the magnetic recording nedium as
a preformat upon production thereof. At the present, sucRk4 gdunsf 0pat
recording is performed by the use of a specialized servo recording -
apparatus (a servo track witer). However, the preformat recording by the
conventional servo recording apparatus is disadvantageous in that it takes
a long tine since the servo informati on nust be recorded on the nmagnetic
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head; which deteriérates the productivity.
As a method of recording the prefdrmat accurately and
efficiently, there has been proposed, for instance, in
. Japanese Unexamined Patent Publication Nos. 63({(1988)-183623,
_310(1998)—40544 and 10(1998)-269566, a magnetic transfer
:method in which a pattern which is formed on a master
information carrier and represents servo information is copied
to a magnetic recording medium (a slave medium) by magnetic

~ transfer.

In the magnetic transfer, the magnetization pattérn
representing the information (e.g., serve information)‘
carried by a master information carrier is magnetically
transferred from the master information carrier tro a slave
médium by applying a transfer magnetic field to the slave medium
l_ and the master information in close contact with each other,
- and accordingly, the information carried by the master
information carrier can be statically recorded on the slave

medium with the relative position between the master




i nformati on carrier and the slave nmedium kept constant. Thus, according to
the magnetic transfer, the preformat recording can be pek4dunes2D03ccurately
and the tine required for the. preformat recording is very short. However,
the master information carrier enployed in the nmagnetic transfer disclosed
I n above identified Japanese Unexam ned Patent Publications conprises a
base sheet having on the surface thereof an irregularity pattern
representing the information to be transferred and a nagnetic |ayer formed
at | eastingoumat iy Faceisr anbthectkans Redpurkepis constrethasthuSheet and
since the magnetic transfer is carried out with the master information
carri er aPuHAO%S |ty dheediagpehérdtrangfese thenPagfowreh EREATBERSr, the
magnetic |layer can be partly lost_ or peeled off the pattern while the
nast er iGHorhmtPonerned epcCrsatepratidl Fher figin HerblxmhtERY Wreh and
noved away from a nunber of slave nedia. Renoval of the magnetic |ayer
from t heurdstarali esrandiineh iscaanershstteri orates contact between the
master information carrier and the slave nedium which can result in

det eri or at i on Hovwievgral Fh¢ mifs tdie infanppéioadcar ghar emuke YR iphthet he
magnetic layer is peeled off the master information carrier over a wide
area th&aspfetia txanefessdipclesedange shevansaentiffigdafprBanederier. The
master information carrier is expensive and how many slave nmedia can be
nmade pelins¥amigsice PatientoPwhl ioat tarsi @@MPRE RS 2 Horer fieeheldVdldct i on

cost of a mmgnetic recording nedium 3_24 June 2005 .
on the surface thereof an irregularity pattern representing

the information to be transferred and a magnetic layer formed
at least on the surface of the protruding portions of the base
sheet and since the magnetic transfer is carried out with the
naster information carrier and the slave medium held in close
contact wii:h each other, the magnetic layer can be partly lost
" . or peeled off the p-af:tern while the master information carrier
"is repeatedly brought into contact with and moved away from
a number of slave media.
Removal of the magnetic layer from the master information
carrier deteriorates contact between the master information
| carrier and the slave medium, which can result in deterioration
in quality of the transferred signal. Further when the
magnetic layer is peeled off the master information carrier
over a wide area th'ereof,- it is necessary to change the maser
information carrier,. The master information carrier is
éxp_ensive and how many slave media can be made per one master
information carrier largely governs the production cost. of a

magnetic recording medium.




We observed master information carriers fromwhich the magnetic | ayer had
been peel ed and found that the magnetic |layer was nost p@éleae 2005 t he
master information carrier at edges of flat top surfaces of the protruding
portions of the irregularity pattern on the master information carrier and
that as the pressure under which the master information carrier and the
slave nediumwere in contact with each other increased, the magnetic |ayer
was peel ed of
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‘carrier at a h-igher\‘ frequency. That is; it was presumed that

dynamic structural weakness of the master information carrier

‘caused the magnetic layer to be peeled off. The dynamic:

structural strength of the master information carrier is

governed by, for instance, the thickness of the magnetic layer

and the bonding strength between the base sheet and the magnetic

layer. Our furthrer investigation has revealed that edges of

flat top surfaces of the protruding portions of the

irregulérity pattern on the master information carrier were

often cut where the side faces of the protruding po'rtions were

covered with a very thin magnetic layer or with no magnetic

layer, that is; the thickness distribution of the magnetic

iayer generated a structural strength distribution, and stress

was concentrated on the portions where structural strength was

weak to generate peeling of the magnetic layer.

Further, our investigation has revealed that the

. thickness of the magnetic layer on the side faces of the

protruding portions of the irregularity pattern on the master




information carrier largely affects the quality of the signal transferred
to the slave nedia. SUWARY OF THE | NVENTI ON Enbodi nent s 24 Jurkee2Q@besent
invention provide an inproved naster information carrier for nagnetic
transfer which has an inproved durability and can transfer information to
sl.ave nedia so that an excellent reproduction signal can be obtained in
the slave nedia. Enbodi nents of the present invention provide a nagnetic
transfer nmethod using the inproved master information carrier. In

accor daheéomiation ¢arsieradpogelpfafifiectpr themualinvedt ithe stheed is provi ded
a master information carrier for magnetic transfer to an in-plane magnetic
recor di hemefinrer Eonpld Silaye aM¥lise sheet having an irregularity pattern:
representing information to be transferred to an in-plane nagnetic
recordi ng nedi um and a nmagh@ffARY QFeFHF of¥EHTaPBng the irregularity
pattern, wherein the inprovenent conprises that the thickness dal of the
magneti ¢ | ayBPPYHTERES ufferthSs SR tof IV SRS PR uBFRYI PO r EPort "B OV Rid
irregularit pat%ern .and the.thi%kness dal , of the:$agn%%k§_la er on each
of the BPHET stRFHIESIBP CRETPTOL FBHI AFIPOIT oh® JRGET W 513 ot ng
condition, 0.05<da2/dal,  s1.3 5 24 June 2005. In accordance with. a second
aspect %Fﬁﬁﬁﬁfdgfggéﬁff%EKNﬁﬂq(ﬁﬁnt?ﬁﬁng%ﬁg pPEVIEA A hes é?vﬁnﬁsgh%tion

Carrierséo£hat an excellent reproduction signal can be obtained in the
slave media.

Embodiments of the present invention provide a magnetic
transfer method using the improved master
information carrier.

In accordance with a ~first aspect of the present
invention, there is provided a master information carrier for
magnetic transfer to an in-plane magnetic recording medium
comprising a base sheet having an lirregularity ©pattern
representing information to be transferred to an in-plane
magnetic recording medium and a magﬁetic layer formed along
the irregularity pattern, wherein the improvement comprises that
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
and the thickness da2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition,

0.05<da2/dal=1.3.




magnetic transfer to a perpendi cul ar nmagnetic recordi ng medi um conpri sing
a base sheet having an irregularity pattern representing2#4démr 2815 on to be
transferred to a perpendicular nagnetic recording nmediumand a magnetic

| ayer fornmed along the irregularity pattern, wherein the inprovenent
conprises that the thickness dbl of the magnetic |ayer on the upper
surface of a protruding portion of. the irregularity pattern and the

t hi ckness db2 of the nagnetic |ayer on each of the side surfaces of the
protrudi ng pdnti encseddsfey thighf olal owengnd coagh¢dton,oD. 1Kdb2/mieEedt5. | n
enbodi ments of the present invention, the information to be transferred to
an i n- plianengnet teteecor dbney ivsd UN1@¢SE?I‘pemiﬁﬁmﬁusehaﬁﬁmﬁgﬁétﬁ@r
recording nediumgenerally includes servo information, and it is preferred
that thBafRgret i Erangfer e a B%Weﬂ?éc@ﬁéﬁcmﬁ&%‘ifl‘brr%ic%ré%#’-ghéﬁdllﬁﬁgnet| c

| ayer weak in coercive force. According to our investigation, in the
mast er CPHPBYTES orf caPfter FB?e%agH%Y+%%JI?ntréﬁé?ﬁﬁ%qﬁﬁjﬂrﬁRﬂtﬁﬁFFon to

i n-pl ane nagneti.c recordi ng, nedi a, peellng of the magnetic Iayer of ten
takes plFEBESR{HET n&az‘/rkfé’lrm?gl%t tParer -4t c5T 0% te?nd51 dBFERFIGUSHBE the
master information carrier d Ierlorgtes As t.he t hickness quﬁgf t he

magnet i P§ ?%?/telrc ﬁe‘é%% " PREE a8Pde 24MINE 150057 Sur FREBY Phe

prOtrUdl Ortl arﬁ %ng tefn,p%Jgre Oéhér¥%prov%%gﬁkcc é%lses %8”@5 | ess
and dura |I| e i NTOF AL ONh carrier renmark ncréeases.

HoweVerthg\he@hickness dbl of the magnetic layer on the upper
surface of a pyrotruding portion of the irregularity pattern
and the thickness db2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition,

10.1<db2/db1=0.5.

In embodiments of the present invention, the information to
be transferred to an in-plane magnetic recording medium or a
perpendicular magnetic recording medium generally includes
servo information, and it is preferre& that the magnetic layer
be a soft magnetic layer or a semi-hard magnetic 1layer weak
in coercive force.

According to our investigation, in the master
information carrier for magnetically transferring information
to in-plane magnetig recording media, peeling of the magnetic
layer often takes place when da2/dal is not larger than 0.05
and durability of the master information carrier deteriorates.

As the thickness da2 of the magnetic layer on each of the side




dal/dal is larger than 1.3, the magnetic flux which should enter the slave
medi um from the magnetic |ayer on the upper surface of tBé&Jpe2G0ddi ng
portion upon application of the transfer nagnetic field becones apt to be
drawn in the nmagnetic |layer on the side surface of the protruding portion
and the intensity of the transfer magnetic field deteriorates, which
results in deterioration of quality of signals reproduced fromthe slave
medi um after the magnetic transfer. Accordingly, in the case of the naster

i nf or mat PeRLaeas roertio PreagHeing PPyt 1omAsIEd SR i weedd®d 64 £Bei n- pl ane
magneti c recorQing medi a, when 0. 05<da2/dal_1.3, durability of the naster

i nf or mathegnebi€i daves nanonesd kafb aandpdirabllatgnedf Zhe okaphe¥ern can
be fornmed on the slave nedia so that high-quality reproduction signals can
be obt ai Helornwbhon dweaBiileirt yrefankadlinst Rer ¢a$es mat IHWERY /i eVheR

i nproved, a |arger nunber of preformatted n%?netic recorngg medi a can be

obt ai nedd3? ohebrAe hasyer thahdr.fat Hommagpeitée, ferkbyh shratlst aatesd
magnetic recording nedia can be |ess expensive. In the case of the master
i nf or mat tlod e aedign frepndid saloneticahayer ramdheantopeat fvhfeee
perpendi cul ar magnetic recording nmedia, durability of the master
i nf or mat¢Hnthe aprotrudang beotwprovarbmwhvarb Hbod g tlkei hrenafanst er
information carrier for the in-plane magnetic recording nedia. 7 24 June
2005 Howesmeti¢ rfiekd fageaed epkako rlee glxdivig int fbe negnsiiy bpvehe
magnetic field at magnetization .inversion portions on the slave nedium
opposed @ thiges pdotsurdiany pbthiedrreoofuding portion and the intensity
| of the transfer magnetic field deteriorates, which results in
deterioration of quality of signals reproduced from the slave
medium after the magnetic transfer.
i}:cordingly, in the case of the master information
carrier for magnetically transferring information to in-plane
magnetic recording media, when 0.05<da2/dal=1.3, durability
of the master information carrier is improved and an optimal
magnetization pattern can be formed on the slave media so that
high-quality reproduction signals can be obtained. When
durability of the master information carrier is improved, a
larger number of preformatted magnetic recording media can be
obtained from one master information carrier, whereby
preformatted magnetic recording media can be less expensive.
In the case of the master informétion carrier for
magnetically transferring information to perpendicular
- magnetic recordingmedia, durability of the master information

carrier can be improved when db2/dbl>0.1 as in the master

information carrier for the in-plane magnetic recording media.




irregularity pattern on the master information carrier can be enhanced by
concentrating magnetic fluxes on the nagnetic |ayer on théJane2oosurface of
the protrudi ng portions, and our investigation has reveal ed that when

db2/ dbl <0.1, the transfer nagnetic field intensity cannot be sufficient to
obtain high-quality reproduction signals. However when db2/dbl>05, the
magnetic flux densities at the protruding portions beconme too small to

obtain high-quality reproductjon signals. Accordingl in.th of the
nast er iFPGEVREL ot tEﬁrH‘?%’req‘{i’rc EECOAA Iy réﬁ%%@ﬁ?%sglﬁ%%grc ?fg ion to
per pendi cul ar magnetic recordin ,rregi.a, when 0..1<db2/ dfgllp 0.5 tﬁlgr ability
of the rEagRetlnfbinddi 8h PAFRPELZPELIPRpAGVES 187d BiT ot Trel ™ niighet i zat i on
pattern can be formed on the_slave  nedia so that hi?gqﬁl{al i tfy tr:l(,eulgroducti on
si gnal s Bhav®e MeGHUE rRRPOSARN taur s | PEP TSRS R BFOTRT Snati'on carrier

is inproved, a_larger nunber of prefornatteg naggetic recordin gedia can
be obt ai HEECTREAT bHE PREGEEP PRIGIHERSGRT LRFPTBACIQRTEHY F &P5Y REt t ed
magneti c recording nmedia can be |ess expensjive. |In accordance ?ﬁ h athird

aspect oPnR#RCHAcBENCONCAVERRLSRY MPREPETES €FedP™h MRGNBEPECtFansfer

met hod for magnetically transferri ng i nformatj on carr.ied by %Uma]s:t er
i nf or mat 1 aver an the, st@apiisians 2ibhke %JH%HUW RO 2 A7FuRET 2005

MEER IR ALIRE LRI T RS Tt
Irregul anrtéégei?fét%ggidt Oina}:rlansity cannot be sufficient to obtain
high-quality reproduction signals. . However when db2/dbl>0.5,
the magnetic flux densities at the protruding portions become
too small t-o obtain high-quality reproduction signals.
Accordingly, in the case of the master information
carrier for magnetically transferring information to
perpendicular magnetic recording media, when 0.1<db2/dbl=
0.5, durability of the master information carrier is improved
and an optimal magnetization pattern can be formed on the slave
media so that high-quality reproduction signals can be
obtéined. When durability of the master information carrier
is improved, a larger number of preformatted magnetic
r_ecording media can be obtained from one master information
carrier, whereby preformatted magnetic recording media can be
- less expensive.
In accordance with a third aspect of the present
invention, there is provided a magnetic transfer method for

magnetically transferring information carried by a master

information carrier, comprising a base sheet having an




i n-plrane magnetic recordi ng nmedi um having a nagnetic |ayer at |east on one
side thereof, the nethod conprising the steps of applying4dund 2005 al DC
magnetic field to the in-plane magnetic recording nediumin a direction
parallel to the tracks thereof so that the magnetic | ayer of the in-plane
magnetic recording nediumis magnetized in the direction and then applying
a transfer magnetic field in a direction opposite to the direction of the
initial DC magnetic field to the magnetic |ayer .of the magnetic recording
nedi um dﬁ@%ﬂ%ﬁ’eti%atﬁ?‘éﬁl ofreﬂ%’ser%t“é’r i G RE Jo(?lnca&lpl e?b%vi th the
magnetic |layers held in a claose contact, with eae? ot her,. wherein t he

i npr overETALS @R £&s ath A THET I RIGRRE- Y e R T H‘é%‘??elfrf‘calil%y%r on the
upper surface of a protruding_portion of the_ irrequla j:t patt_ern on the
nast er MHEBETEG dRvedr foeredndlrRe TRPckhEegu4asih Pﬁé CHBYNEY i | ayer on
each of the side surfaces of the protruding _portion s LiséA t he follow ng
condi t i gt~ r.arBERGgRLHAL] ?%QOJF%l%‘éé‘Eﬁ%%QanH %Wﬂ%%ca \ééf&r ¥ the
present invention, there_ is provided a magnetic transfer -r’r%t hod?'rﬁor
magnet i d@aSE ORaPBE etrdn dhaeafrathenehle &Pwlasmttgﬁe SiERPSr kit i on

carrier, conprising a base sheet having an _irreguylarit patterg.
r epr ese®HM NG st blat HCoBagmebic DEosthe ARablaresgappehic

he. i ' esioning PRt SR folhrCREL D AEY WL HAgHR e oCUeyFAPRE hodi um
havi ng a magnetic . . .

so that the magnetic layer of the in-plane magnetic recording

medium is magnetized in the direction and then applying a

transfer magnetic field in a direction opposite to the

direction of the initial DCmagnetic field to the magnetic layer

of the magnetic-recording medium and the magnetic layer of the

master information cérrier ﬁith the magnetic layers held in

a close contact with each other, wherein the improvement

comprises that

" the thickness dal of the magnetic layer on the upper

surface of a protruding portion of the irregularity pattern

on the master information carrier and the thickness daZ2 of the

magnetic layer on each of the side surfaces of the protruding
portion satisfy the following condition,

0.05<da2/dal=1.3.

In accordance with a fogrth aspect of the present

invention, there is provided a magnetic.transfer method for

'.magnetically transferring information carried by a master

information carrier, comprising a base sheet having an

irregularity pattern répresenting information to be




| ayer at l'east on one side thereof, the nethod conprising the steps of
applying an initial DC magnetic field to the perpendi cul 24 Jasg2eads c
recordi-ng mediumin a direction perpendicular to the track plane thereof
so that the magnetic |ayer of the perpendi cul ar magnetic recordi ng nmedi um
is magnetized in the direction and then applying a transfer nagnetic
field in a direction opposite to the direction of the initial DC nmagnetic -
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on each BEFRTEICPHAS 1 BhecC ek AIEn bPEOP R pamAtoh ERAPERGLR S of the

recess<aQ. 4. . . . . .
ayer of the perpendicular magnetic recording medium is

magnetized in the direction and then applying a transfer
magnetic field in a direction opposite to the direction of the
initial DC magnetic field to the magnetic layer of the magnetic
recording medium and the Iﬁagnetic layer of the master
information carrier with the ma‘gnetic layers held in a close
contact with each other, wherein the improvement comprises
that

the thickness. dbl of the magnetic layer on the upper
surface of a protruding portion of the irreqularity pattern
on the master information carrier and the thickness db2 of the.
magnetic layer on each of the side surfaces of the prdtruding
p.ortion satisfy the following condition,

0.1<db2/db1=0.5.

Preferably the ratio of the thickness of the magnetic
layer on each of the side surfaces of the protruding portion
to the length S of the recess {the minimum of the lengths of
the recesses between the tops of adjacent protruding pdrtions

of the irregularity pattern as measured in the direction of

10




Wien the ratio is not |arger than 0.05, the anpbunt of magnetic fl ux
converged on the magnetic |ayer beconmes insufficient to Bhdumee260N ficient
signal quality, whereas when the ratio is not smaller than 0.4, the
intensity of the transfer nagnetic field generated between protruding
portions becones insufficient to ensure sufficient signal quality. It is
further preferred that the angle 0 of inclination of each of the side
surfaces of the protruding portion of t irregul ari attern he angl e
bet ween EReck} gt hargRT D VeRpand éﬁaﬁ¥h€h§ﬁh';e£%?gﬁé begé%s and the
side surface) be not smaller than 30 and smal | er %E‘an .85) . V\Qent he angl e
8 of incFhedhiishknsiss At Wiegeadrrtic d AVeroeRS: ehihesytde BHET2FPEnst er
magnetic field generated frompattern edges is tQo . dispersed to ensure
suffici epf EhgnBrofLafing, P! e lenwhbifiey breth C%@%%t’?c | ayer is
greatly inproved. Wereas, when the angle O of inclination of the side
surface is notWhepathertathan igo notyledgrnte than &r')?%'nt gﬁ@PPBtt?gnsfer is
concentrated between the flat portion and the magnetic | aye on the side
sur f ace ®RoRfbier of Fedli WpRYSTIesh, Ofhi ERer dRagneticn ]@éfﬁé?/ag’teﬁﬁmSF crack
and peeling of the magnetic |ayer, though no_ problemis invol vgd in

. though .
qual i ty Brsufibicignilto amsunagHEficieRyef i grah WrdIEYmeth R RY 68 f or med

of Co, Co alloy (e.g., CoPtCr, CoCr, CoPtC Ta, CthCrl\%rat CoCrB, 11 24
June 200Bhe gatiio to/mmd) snebler thend) | by the yptensthy ofcBte tEEBSEPY. 1t is
preferred to clearly transfer the information that the masggetic | ayer be
| arge | aglmblecl 115 aeaesptpdapgtigen protruding portions becomes

insufficient to ensure sufficient signal quality.

It is further preferred that the angle 6 of inclination
of each of the side surfaces of the protruding portion of the
irregularity pattern (the angle between the protrusion side
extension of the surface of the recess and the side surface)
be not smaller than 30° and smaller than 80° . When the angle
8 of inclination of the side surface is smaller than 30° , the
ttansfer magnetic field generated from pattern edges is too
dispersed to ensure sufficient signal quality, though the
durability of the magnetic layer is greatly improved. Whereas,
when the angle 8 of inclination of the side surface is not
smaller than 80° , pressure history in magnetic transfer is
concentrated between the flat portion and the magnétic layer
on the side surface of the protruding portion, which results

in generation of crack and peeling of the magnetic layer, though
no pr'oblem'is involved in quality of the signal.

The magnetic layer of a slave medium may be formed of

Co, Co alloy {e.g., COPtCr, CoCr, CoPtCrTa, CoPtCriNbTa, CoCrB,

11




magneti c anisotropy in the sane direction as the slave nedium (the
direction of in-plane in the case where the slave nedi um 24 duan200% pl ane
magneti c recordi ng medi um whereas a perpendicular direction in the case
where the slave nediumis a perpendicular magnetic recording nmedium. It
is preferred that the nmagnetic |ayer be provided with a non-magnetic
primer |ayer, for instance, of C, COTi, CoC, CTa, C M, NiAI Ru or Pd

ﬁ%ghmﬂie @f‘?ﬁﬁ@? g@i?ﬁﬁa??ﬁ??t@' %%@?Li%&%gﬂﬁ?&mkﬁﬁgﬁﬁgﬁ%% i ng WLS. e
i N

Berat or kel ot His PpRlhr e Eanld hns fir. hAS st et Ehabor

ol o Phad giRmaEr e i W oG Sh e bl Sl e E}Bithannﬁgéi'ﬁe ayer

t hi ckness_of the magnetic |ayer.is preferably not mal l.er than,10nm and
not |ar gtﬁ?g?‘ﬁgh SR EEORY é he sas SHhechior eRditesliegn™ogitfand not
| ar ger trnZOnm The thickness of the non- netic. priner |ayer is
preferab i 9 AR"PHRRE abiy CREFgEYSER e.L@éﬁ’ﬁﬁe gHYWor e

preferably not snall ?L t han 20nm.and not rger than 80nm 12 24 June 2005
The t hi es&lof e E’é’@kl ﬁ‘baq [ sred:r%’?cgﬁ%ﬁ)l VORI e ReFe2Han@50nm and

not | ar er than 20 On nore glrleferablw% not small er th%n 80nm and not
| ar ger t ar 1rec ion in e case ere the slave medium is

a perpendicular magnetic recording medium) .

It is preferred that the magnetic layer be provided with
a non—-magnetic primer layer, for instance, of Cr, CrTi, CoCr,
CrTa, CrMo, NiAl, Ru or Pd which gives a necessary magnetic
anisotropy to the magnetic léyer;

In the case where the slave medium is a perpendiculér
magnetic recording medium, a backing layer of a soft magnetic
layer, for instance, of NiFe, CoCr, FeTaC or FeAlSi may‘be

- provided under thel non-nagnetic primer layer in order to
stabilize the perpendicular magnetization of the magnetic
layef and to improve the sensitivity upon recording and
reproduction.

The thickness of the magnetic layer is preferably not
smaller than 10nm and not largexr than 500nm, and more preferably
not smaller than 20nm and not larger..than 200nm.

The thickness of the non—-magnetic primer layer is
preferably not smaller than 10nm and not larger than 150nm,
and more preferably not smaller than 20nm and not larger than

80nm.
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BRI EF DECRI PTI ON OF THE DRAW NGS Figure 1 is a plan view partly in a
perspective view showing a master information carrier foR4demm2edsc
transfer in accordance with a first enbodi nent of the present invention,
Figure 2 is a fragnentary cross-sectional view taken along line II-11 in
Figure 1, Figure 3. is an expl oded perspective view of a doubl e-sided sl ave
medi um and a pair of nmaster information carriers carrying thereon master
information to be transferred to opposite sides of the slave nedium
Fi gures 4A to e drielcliress faff ihd dstakitiong dueesi d stepsfenibhagneti c
transfer to an in-plane magnetic nedium Figure 5 is a fragnmentary
" cross-sestabhat vhew diOran pantl ofota hasger ithior n2® 9 onmne a@ndermppe
accordance with the second enbodi nent of the present invention, and
Fi gur es eforffl pnreotyviswel far thlanudOnat Bnd hati tasgepsthah Afgnwti c ,
transfer to a perpendicul ar magnetic nmedium DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS A nast er BRIBFNBECRIPTEION i@ THE [RAAFING&tting i n-pl ane '
magnetic recording nedia in accordance with a first enbodi nent of the
present inventRisumd |1 ixe agskan beiew ipastt 1y nifFiguersdechiviasveew
information carrier 3 in accordance with a first enbodi nent of the present
i nvent i whowing kemastescinfosispeon tar2detuber 26GGMe i tecamgifiegesna base
"sheet 3a having a plurality of protruding portions 31 arranged in a
patt er n dcromdbmre Midlsar facett dedrebiner{taofathespresehe bagenther: 3a has
an irregularity pattern) : _

Figure 2 is a fragmentary cross—-sectional view taken

along line II-II in Figure 1,

Figure 3 1is an exploded perspective view of a
double-sided slave medium anci a pair of master information
carriers carrying thereonmaster information to be transferred
' to opposite sides of the slave medium,

Figures 4A to 4C are views for illustrating basic steps
of magnetic transfer to .an in-plane magnetic medium,

Figure 5 is a fragmentary cross-sectional view of a part
of a master information carrier in accordance with the second
embodiment of the present invention, and |

Figures 6A to 6C are views for illustrating basic steps
of magnetic transfer to a perpendicular magnetic medium,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Amaster information carrier for preformatting in-plane
magnetic recording media in accordance with a first embodiment
of the present invention will be described first. In Figure
1, a master information carrier 3 in accordance with a first

embodiment of the present invention is like a disc in shape
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and a soft: magnetic |ayer 3b forned along the irregularity pattern. The
irregularity pattern represents information to be transf@ddeae 2e05magneti c
recording nmedia (slave nedia) and Figure 1 shows a part of the
irregularity pattern. The recessed portions (portions between protruding
portions 31) need not be provided with nagnetic layer. In Figure 1, arrow
X indicates the circunferential direction (the direction of track) and
arrow Y. indicates the radial direction. In Fi 9ure 2, which is a.fragnentary
cross- sesbfigrripnisee adase pheetoda iy e P PH%FF&Q%W&’&FH%&P%
including a protruding portion 31 taken along a line paraII%] to _the

di r ect i opoXtdbnsrHcRrrangedd maReditanT bpRREAGN ERerTEriaretherged

enbodi ment, the soft magnetic |layer 3b_ is fornmed so _that the thickness dal
of the sdbt aagestlt thydrasm sheetupiFehass@rf je&eglagd tyr BRHEGTRY portion
31 and the thickness da2 of the soft nmagnetic |ayer on the side surface of
the proteudi agsofbr nagneBicshayety3bhéorBeponlagdcbhei dirgggularity

0. 05<da2/dal' 1.3. Though, in Figure 2, the thickness da2 of the soft
magnet i cphtgernon The igirégudarfifyerattere peptesenhy PiAieH 19 %Os shown
as the thickness of the soft magnetic |ayer on one of the side surfaces
opposed be enanhsbehesd it wegnditiecreeardahgthedipatklathdadiak s da2 of
any one of the four side 14 24 June 2005 surfaces, i.e., the t si de

sur f acesFbgpused tshaeshaotikert: 9h the dinraduler gty thetEekRk addS he two

side surfaces opposed to each other in the radial_ direction, satisfies the
condi ti onecessed portions (portions between protruding portions ) ,

need not be provided with magnetic layer. In Figure 1, arrow
X indicates the circumferential direction (the direction of
track) and.arrow Y indicates the radial direction.

In Figure 2, which is a fragmentary cross—sectional view
of a part of the master information carrier 3 including a
protruding portion 31 taken along a line parallel to the
direction X of track. In the master information carrier 3 of
this embodiment, the soft magnetic layer 3b is formed so that
the thickness dal of the soft magnetic layer on the upper
surface of the protruding portion 31 and the thickness da2 of
the soft magnetic layer on the side surface of the protruding
portion 31 satisfy the following condition,

0.05<da2/dal=1.3.

Though, in Figure 2, the thickness da2 of the soft
magnetic layer on the side surface of the protruding portion
31 is shown as the thickness of the soft magnetic layer on one
of the side surfaces opposed to each other in the direction

of the track, the thickness da2 of any one of the four side

14




abové. Further, in this enbodinent, the angle 8 of inclination of each of

the side surfaces of the protruding portion 31 of the irpéduhea?@dds pattern

(the angle between the protrusion side extension 4le of the surface 41 of
the recess and the side surface 31s of the protruding portion 41) is not
smal l er than 300 and smaller than 800 . Further, in the enbodi nent, the
rati o of the thickness da2 of the magnetic |ayer on each of the side
surfaces 31s- of the protruding portion 31 to the length S of the recess
is |argefuxhapes, 05-and thel twe sitkn So:smﬁaqmtopn@ede%%ea@&m%m. I n
this specification, "the length S of the recess" should be interpreted as
"t he m nimiheotiirhetiengrthihectradie apdcbbs devbetdec tfrceppPrereadj acent
protruding portions 31 of the irregularity pattern as nmeasured in the

di r ect i oke sfadty atkerThe thaseadhekidigpdfiathe spdséi eprithe sRRICd Y I8 rier 3
may be formed of nickel, silicon, crystal, glass, alum num ceramcs,

synt hetizbeesin or the |ike. The soft nmagnetic |ayer 3b may be forned of
Co, Co alloy (e. g., CoNl, CoNi Zr, CoNbTazr) , Fe, Fe alloy (e.g., FeCo,
FeCoNi , FeN MEpuFei¢sS inFei s ekbdalinenthi the eMiglad |y £ énglinkitEeon FeCo
and FeCoNi are especially preferable as the material of the soft magnetic
| ayer. Th eaciynet ithd sjde borfedesnof hehdaseobhadingaet s B8 &fsoft 15

24 June 2005 nmagnetic |layer but may be a hard or sem -hard nagnetic | ayer.

However theoirreggheritylpgbteoe atkentnpdedbeiiyeeni cherapsptraygdon in
coercive force is preferred in that a nore excell ent
side extension 4le of the surface 41 of the recess and the side
. surface 31s of the protruding portion 41) is notrsmaller than
30° and smaller than 80° . Further, in the embodiment, the
ratio of the thickness da2 of the magnetic layer on each of
the side surfaces 31s of the pr;)truding portion 31 to the length
S of the recess is larger than 0.05 and smaller than 0.4, that
is, 0.05< da2/5<0.4. In this specification, “the length S of
the recess” should be interpreted as “the minimum of the lengths
.of the recesses between the tops of adjacent protruding
portions 31 of the irregularity pattern as measured in the
direction of track.

The base sheet 3a of the master information carrier 3
may be formed of nickel, silicon, crystal, glass, aluminum,
Ceramics,syntheticresincn:thelike. The soft magnetic layer
3b may be formed of Co, Co ailoy (e.g., CoNI, CoNiZr, CoNbTaZr),
Fe, Fealloy (e.g., FeCo, FeCoNi, FeNiMo, FeAlSi, FeAl, FeTaN),
Ni or Ni ailoy {e.g., NiFe). FeCo and FeCoNi are especially
prefeiable as the material of the soft magnetic layer. The

magnetic layer formed on the base sheet need not be a soft

15
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magnetic transfer can be effected. Further, it is preferred that the
magnetic | ayer forned on the base sheet be larger in sat @4dune?005

magneti zati on than the base sheet. The irregularity pattern or the pattern
of the protruding portions 31 can be forned, for instance, by the use of
stanper nmethod or photolithography. A photo-resist layer is first forned
on a snooth glass plate (or a snooth crystal plate) , for instance, by
spin coating, . and a | aser beam (or an el ectron bea nodul at ed accordi ng
to the SSNeFiG daxeT Rubi kbted RAFD ThEcPHot g Fclpepe é§§am1 e
rotating the glass plate so that the photo-resist |layer is, exposed to the
| aser bESWEYET 3pseddt BafRREACPARYEINOY 2 gSemizhangdt %n%?lgefg%e%i gnal s
each extending in a radial direction_in gne track. Thereafter_ the

phot o- r 883t Rayepereiveviasifeds BrEfeRESHalR 8080t S %?h%eila%féfr beam i s
renoved Wi th an irre%ul arity pattern of the photo-resist left on ,the gl ass
pl ate, MRSNEHLOBEANFISY GaRR? isELeHEN ¢ nd W EheLee1bf 18RI CHRETTX i s
plated (electroformng), and a N base sheet having a positive ,

i rregul &aty that mégﬁegsCfJ@‘m formask opaERe PaFRl Shegfalst d8TFFEN R he
matri x. The Ni base sheet as it is may be used as a master information
carri er setumatise wesHhedd zatdes &han fher hascosheft-ier after forming a
magnetic |ayer (a soft _nmmgnetic layer in this particular enbodjnent) and a
protective 168he4igxe@uboosty payEeThihEhe hahtardyef SR Pt Eesd as
desired. Gtherwise, the matrix may be plated to forma second matrix and
the sec®edbiens 21negn be HraRed. thP¥ dMmtansfseb¥ g use of stamper

method or photolithography.

A photo-resist layer is first formed on a smooth glass
plate (or a smooth crystal plate), for instance, by spin coating,
and a laser beam (or‘an electrﬁn beam) modulated acéording to
the servo signal is projected onto the photo-resist layer while
rotating the glass plate so that the photo-resist layer is
exposed to the laser beam in a predetermined pattern, e.g.,
a pattern of servo signals each extending in a radial direction
in one track. Thereafter the photo-resist layer is developed
and the pé.rt exposed to the laser beam is removed with an
irregularity pattern of the photo-resist left on the glass

. plate, thereby obtaining a matrix. Then the surface of the
matrix is plated (electroforming) p and a Ni base sheet having
a positive irregularity pattern is formed on the matrix and
separated from the matrix. The Ni base sheet as it is may be
used as a master information carrier or may be used as a master
information carrier after forming a magnetic 1aYe; (a soft

‘magnetic layer in this particular embodiment) and a protective
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having a negative irregularity pattern. Further, a third matrix may be
formed by plating the second nmatrix or pressing a resin 2ydune 2% nst the
surface of the second matrix and curing the resin syrup, and a base sheet
having a positive irregularity pattern maybe fornmed by plating the third
matrix. Further, a matrix w thout photo-resist |layer maybe first fornmed by
etching the glass plate with an irregularity pattern of the photo-resist
to make holes in the glass plate,, and base sheet. may be formed by the
use of tHYHatFIRg ntl'?‘g‘hel ar]d@éé?qaft}‘eecfrbt?oﬁléfesﬁféeab{ase sheet may be
formed of netal _such as Ni_ or N . alloy as scribed above, and as the

af oresai d pl atd"RGFESe f i P e M%Ib%ﬁagﬁée@ g%lflf‘o‘lt‘lss‘?‘r‘é‘i’% film
formng techniques such as el ectrol ess platjng, electroformng,

sput t er MR I6F BRGnCRE SGGRRERATEEX SIRY E?eﬂfa{?%‘g Yot aﬁﬁe&g%?%t rudi ng
portion (the depth of the irregularity pattern) is referably jn the range
of 50 t Q'BOGHM AnBEABEAVEr dF&EINIRE: 5 Patésh W\@%ﬂ% i%r‘é‘wf%ri ty
pattern represents_ sanple _servqQ signals, each of the protrudi n%étgortions

i s rect X HaY kg Tonted ky #detindathadieforst madtidh osiPYReS e sheet
and shorter sides in a circunferential directjon of thg saﬂg, wggn t he

i rregul & i%SERIT O ragi Beeht Bhe fpr 2R rvb ShgnapeondeightHf §

protrudi ng portions is preferably 0.05 to 2(%)]1%; m 17 24 June 2005 in the

| onger SHERRAND 151 S 1A shoriss SHeRS. PFRERe o tPRRYIEYS ¢ | ayer

3b may be formed on the irregularit attern vari o vacuum film
f or mi %g Jtréqﬂgﬂl(ﬁﬁg:y pattern magy be foxyme% by plattﬁlg thet S.’er matrrgx.

Further, amatrix without photo-resist layer maybe first
formed by etching the glass plate with an irregularity pattern
of the photo~-resist to make holes in the glass plate, and a
base sheet may be formed by thé use of the matrix in the manner
déscribed above.

The base sheet may be formed of metal such as Ni or Ni
alloy as described above, and as the aforesaid plating for

 forming the metal base sheet, various metal film forming
techniques such as electroless plating, electroforming,
sputtering, or ion plating can be employed. The height of the
protruding portion (the depth of the irregularity pattern) is
preferably in the range of 50 to 800nm and more preferably 80
to 600nm. When the irregularity pattern represents sample
servo signals, each of the protruding portions is rectangle
having longer sides in a radial direction of the base sheet
and shorter sides in a circumferential direction of the same.

When the irreqularity pattern represents sample servo signals,

each of the protruding portions is preferably 0.05 to 20um
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or plating method such as vacuum deposition, sputtering, ion plating and
the |like of magnetic material. The thickness of the soft 24dyme20d5 | ayer 3b
is preferably 50 to 500nm and nore preferably 80 to 300nm As descri bed
above, the thickness dal of the soft magnetic |ayer on the upper surface
of the protruding portion 31 and the thickness dal of the soft nagnetic
| ayer on each of the side surfaces of the protruding portion satisfy the
foll owi ng condition, 0.05<da2/dal_1.3. The relation between the thicknesses
dal and tha2ckanlbrgeef fbdesvahy ¢obhd riod |edmbyinf dibve shoriters sfidegagnet i ¢
| ayer by sputtering using a collimtor and/or by controlling the nobility
of sputtered pEin¢i cloft omaghetiabstavare By maont b6l | Fagnede oFputhering
power. It is preferred that a protective filmsuch as of DLC (dianond-Ilike
car bon) beregovadedy emtite nsby tvamdghstyacuuy éi Imdio i ppehnstreace of the
protruding portion 31. A lubricant |ayer may be further provided on the
prot ect i e glamind netdiod cuebnest vieyar depss idsion,Sispudferimgy BeMprovi ded
between the soft magnetic layer 3b and the protective filmto enhance the
contact phetehetawen:hdld Heulfi naghet by anatempprbssdhe daiekngsst Pén in
durability of the soft magnetic |ayer 3b, such as scores due to friction,
whi ch octhie sséfit cargredticng ayer 3b Shipite fgenbdat 88 WheiD Qe adek BORRgNet i ¢
“layer 3b is brought into 18 24 June 2005 contact with the slave nmedi um
Magnet i cpteBesdlely &0 tof300rati oAst descsibad apodieunthy thikngss gila naster
information carrier in accordance with the :

of the soft magnetic layer on the upper surface of the

protruding portion 31 and the thickness da2 of the soft magnetic
layer on each of the side surfaces of the protruding portion
satisfy the following cc)ndition, 0.05<da2/dal=1.3.

The relation between the thicknesses dal and da2 can be
effectively controlled by forming the soft magnetic layer by
sputtering using a collimator and/or by controlling the
mobility of sputtered particles on the substrate by
'controlling the sputtering power.

It is preferred that a protective film such as of DLC
{(diamond-like carbon) be provided on the soft magnetic layer
on the upper surface of the protruding portion 31. A lubricant
layer may be further provided on the protective film. A
reinforcement layer such as a Si layer may be provided between
the soft magnetic layer 35 and the protective film to enhance
the contact therebetween. The lubricant layer suppresses
deterioration in durability of the soft magnetic layer 3b, such

| as scores due to friction, which occurs in correcting for a

~shift generated when the soft magnetic layer 3b is brought into
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present invention will be described, hereinbelow As shown in Figure 3, a
pair of master information <carriers 3 and 4 are di sposed24dumpP@is t e sides
of a slave nmedium 2. The slave nedium 2 may be, for instance, a hard disc
or a flexible disc. In this particular enbodinent, the slave nmedium2 is
provided with a pair of in-line recording magnetic |ayers 2b and 2c forned
on | ower and upper si des of a di sc-shaped base sheet 2a though the sl ave

medi um 2 may. gﬁ gﬁ agﬂl e recording |ayer. Both the master
i nf or matu?ﬁ‘ r V& gnd ﬂvﬁr@e h*™accordance with the present invention

Sde of & Léi@ggﬂééi’gé Eenttth e et aniol 4 Fhea ufL e e uPPet
f f t to be t f d to t d
ppor  mGHB RAS [ 8 AR A o Ena Pt ﬁ%???ne%égareggse R8T 8 or mec

along the irre uI arities and upper naster

i nf or mat PEFSE rFBP’?n 18ﬁdwﬁ?gggétﬂ%5§1: freﬁ?ﬁﬁ%?i)ﬁiewaway from each
other, in the c netic transfer chess t he, sof.t net.ic | ayer 3b
of the | ower ﬁf%nnaéflr%ec fi @rp %rﬂﬁﬁﬁ?rl ﬁ?%ﬁ[% St wi %/h or
to the vicinit e | ower, etic | aye ave ium 2 and
 he softvbﬁ'aghe#é apd ot 29 5 SPOCRE '138?0%&%? i oF | SYS dERLT 0

br ought 9 24 Jupe 2005.. into con th or, to the Ci AY of the upper
magnet i c2 ayﬁ? ?jg ayg Wiy gvé“arﬁs r BRGNS & X‘r’*“ %éﬁé‘stl Yt ransfer
to an in pI ex:L %n?ltils(c:: In this particular embodiment, the slave

medium 2 is provided with a pair of in-line recording magnetic
layers 2b and 2c formed on lower and upper sides of a disc-shaped
base sheet 2a though the slave medium 2 may be provided with
a single recbrding layer.

Both the master information carriers 3 and 4 are in
accordance with the present invention and. respectively
'provided with irregularity patterns formed on the upper side
of a base sheet 35 and the lower side of a base sheet da
‘representing pieces of information to be transferred to the
lower and upper magnetic layers 2b and 2c. Soft magnetic
layers 3b and 4b are fermed along the irregularities.

- Though, in Figure 3, the lower and upper master |
information carriers 3 and 4 and the slave medium 2 are away
from each other, in the actual magnetic transfer process, the
soft magnetic layer 3b of the lower master information carrier
3 is brought into contact with or to the vicinity of the lower
‘magnetic layer 2b of the slave medium 2 and the soft magnetic

layer 4b of the upper master information carrier 4 is brought
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recording nmediumw || be described with reference to Figures 4A to 4C
herei nbelow. In Figures 4A to 4C, only the |lower magneti 24Uaye200b is
shown. An initial DC magnetic field Hnis first applied to the slave
medium 2 in one direction parallel to the recording tracks thereof,

t her eby magneti zing the magnetic |ayer 2b of the slave nedium2 as shown
in Figure 4A. Thereafter, the soft magnetic |ayer 3b of the | ower master

i nf or mat iatoassrtiart @itk dif budiHe vi8ini £V oFet ke Nbdeh whdie t e 1ayewner
magnetic |ayer 2b of the slave nmedium2. In this state, a transfer

magnet i c2ti efdthidusilsveapplied 20 the direction opposite to the initial DC
magnetic field Hn as shown in Figure 4B, thereby nmagnetically

transferring thesiafsaem bomfhdtie 0RahEFet HPRABIH-YL LB GhetBct 0 the
| ower magnetic |ayer 2b of the slave nedium2. As a result, information

repr esentedobyihfenddi@gwiarl b BaktelBedomi therdBstdicd RHOFILI-en carrier
3is transferred to the lower nagnetic |ayer 2b as shown in Figure 4C. The

i nf or mat4antor £p) esené Bbdyowk he 1 ragri-s Uy Rat 4erNsnd) &npaibwet naster
information carriers may—-be transferred to opposite sides of the slave -

medi um endgret & NUdYaneBsly Showh. sequence. I n the case where the
irregularity pattern representing information to be transferred is a

negative patt e ihg¥eaIienc tadrivar R0 Fh bl e DatilseFRrs B bl Neditautes 4A to
4C, the 20 24 June 2005 information can be magnetically transferred to

the sl avelavediediug Dynlgieed stagt e pdiraegelonsthb ddddlidd ababks magneti c
field Hn and the transfer magnetic field Hdu. The intensities
- thereof, thereby magnetizing the magnetic layer 2b of the slave
medj.um 2 as shown in Fiqure 4A. Thereafter, the soft magnetic
layer 3b of the lower master information carrier 3 is brought
into close contact with the. lower magnetic layer 2b of the slave
medium 2. In this state, a transfer magnetic field Hdu is
applied in the direction opposite to the initial DC magnetic
field Hin as shown in Figure 4B, thereby magnetically
transferring the information on the master information carrier
3 to the lower magnetic layer 2b of the slave medium 2. As
a result, information represented by the irregularity pattern
on the master information carrier 3 is transferred to the lower
magnetic layer 2b as shown in Figure 4C. The information
represented by the irregula;ity patterns on a pair of master
information carriers may be transferred to opposite sides of
the slave medium either simultaneously or in sequence.
In the case where the irregularity pattern representing

. information to be transferred is a negative pattern reverse

to the positive pattern shown in Figures 4A to 4C, the.
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of the initial DC nmagnetic field and the transfer nagnetic field are
determ ned on the basis of the coercive force of the sl ava4Jue200f, 2, the
specific perneabilities of the master information carrier and the slave
medium and the like. A master information carrier for preformatting

per pendi cul ar magnetic recording nmedia in accordance with a second

enbodi nent of the present invention will be described first. Figure 5is a

fragment pp¥och98soneehinond NhgNeOfcai PR tranbrarfaat &b itHor arhiven carrier
13 in accordance with the second enbodi nent of the present invention

i ncl udi ngeai R HY Rk 29, gﬁ(‘:ﬁ@ di%e@h%n%aéf tHheehi 4331 tmkaagakeng a |ine

parallel to the direction of track. In Figure 5, reference nuneral 13b

denot es g5 80§ iTPIIQhe £ AYRE el ﬁatghetﬂe%tl%rld HAQ! MiH Ot AL tgEs13 Of
this enbodi nent, the soft magnetic layer 13b is forned so that the

thi cknesgrqhle Pﬁlﬁf& ?)@frﬁac{ﬁ?%ﬁeé[ Efel @Vl ti tHhRs¥BRPS agiTRceiglat he

protruding portion 32 and hi ckness da2 of the soft magnetic |ayer on

the side,syrdacs, f | $ fenfokh gweng
conditi onisg Ci0 1<c§r151(2};e Bg gﬁ% H&é}rét“ﬁgfﬂ{él n&?tﬁ%ﬁggd?ﬁeﬂt the angle 0 of

i neli natjyonsug! gacheRt t%ﬁﬁéiﬁfcs%éﬁﬁé‘ébﬁléféspréfrUéhé‘g Rostben 31 of

the irregularity pattern e angl € between the protrusion 21 24 June 2005

- side extenshofa filsn OfatPfes UhdCend s Rlvd fiﬁ‘ecfﬁﬁﬁ‘ssarfkﬂd:ﬁé‘elﬂée surface
31s of the protruding portion 41) is not smaller than 30 and smaller than

80 . Further, An fherepboqdi#RhatiBR carrier for preformatting

perpendicular magnetic recording media in accordance with a

second embodiment of the present invention will be described

first.

Figure 5is a fragmentar'y cross—sectional view of a part
of amaster information carrier 13in accordanée with the second
.embodiment of the present invention including a protruding
‘portion 32 on a base sheet 13a taken along a line parallel to

the direction X of track. In Figure 5_, reference numeral 13b
denotes a soft magnetic layer. In the master information
carrier 13 of this embodiment, the soft magnetic layer 13b is
formed so that the thickness dbl of the soft magnetic layer
on the upper surface of the protruding portion’ 32 and the
thickness da2 of the soft magnetic layer on the side surface
of the protruding portion 32 satisfy the following condition,
0.1<db2/db1=0.5.

Further, in this embodiment, the angle f of inc_lination

of each of the side surfaces of' the protruding portion 31 of

the irregularity pattern {the angle between the protrusion
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rati o of the thickness db2 of the magnetic |ayer on each of the side
surfaces 31s of the protruding portion 31 to the length 84dfing Be0% ecess is
| arger than 0.05 and snaller than 0.4, that is, 0.05< db2/S<0.4. In this
specification, "the length S of the recess” should be interpreted as "the
m ni mrum of the | engths of the recesses between the tops of adjacent
protruding portions 31 of the irregularity pattern as neasured in the

di ' f K.. Th f h
manner o8t ee%twr 5 %ﬁ@‘)é R iAo, e A PRLeRS RS S e
b . B

Cecor di nERERATIR AT DR das s PO pC B CEF R BBl B RRE o

h b I I Fi 6A t h . t | 2b
Chown. A0 nfaTBEL %igﬁeﬁpﬁe?@.ca Si‘“ﬁ?éﬁ%ﬁ%:f H@?ﬁsggﬁﬁﬁai{%sn?yefhé v

di 2 t t s f
her cby FRGHALTS | T (UL GHIRE PB4 fel MEoRaIp iR el onatt o 1o as’ shown

in Fi 6A., .Th f h f b, of
|t or ot 1% Sa4iFr £ 0 P25 P;tsaffoaéﬁtptﬁo G@t%e&%‘é% P gebit,

t I 12b of th I di t f ‘
Tagnet | &S T Ehg FRRSTS SpAPFHRL TR 01y ABE) %%I%%Z‘I@I?Pﬁfh%ﬁ?ﬁ. tal 22

mognet | 1 -ﬂg‘%@é?%hé II1§‘III SFOPr PP ER ShebRet st Tond e pary on

carri er 3e I:gctegg”Is 1 II:Ie(J::pIr% %Eia thﬁf nIlII'LQ_Lmum of the lengths

of the recesses between the tops of adjacent protruding

portions 31 of the irregularity pattern as measured in the
direction of track.

The soft magnetic layet' 13b may be formed by the Same

manner as the soft magnetic layer 3b in the first embodiment

described above.

Basic steps of magnetic -transfer‘ to a perpendicular
magnetic recording medium will be described with reference to
Figures 6A to 6C, hereinbelow. In Figures 6A to 6C, only the
lower magnetlc ]_ayer 12b is shown.

An initial DC magnetic field Hin is first applled to the
_sla\}e medium 2 in one direction perpendicular to the track
surface thereof, thereby magnetizing the magnetic layer 12b
of the slave medium 12 as shown in Figure 6A. Thereafter, the
soft magnetic layer 13b of the lower master information carrier
13 is brought into close contact with the lower magnetic layer‘
12b of the slave medium 12. In this state, a transfer magnetic

field Hdu is applied in the direction opposite to the initial
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slave nmedium 12. As a result, - information represented by the irregularity
patterns on the nmaster information carrier 13 is transfe4ddng 20G5he | owner
| ayer 12b as shown in Figure 6C. The information represented by the
irregularity patterns on a pair of master information carriers nmay be
transferred to opposite sides of the slave nediumeither simultaneously or
in sequence. In the case where the irregularity pattern represent'i ng

oSt ve B PR Ehow 1T HiPestBA TBBE. 1?1? FEERF ST B oAPeR s he
i Toct | oREIBFEERELIR (50 t%iet%‘?ed%f'e? e {TRfoRaT o g PBhcURY AREPEF magnet i
e R R bbb R SIS 1 orco
oL hite ;ﬂzéﬂaghslnzq%éa'“c B AR AT I, o
second epbodi c_su h as_a sc or
i gh- denmﬁgﬁ?ami&f&%ﬁg@?% BRBrAT Ve O B 1o T SR L &b d el um 2 or
of a melRERFFPRFeRES o %ﬁé’f—*dﬁ%ﬁqﬂlﬁq ﬁaysfr?&ma&%é’ MEGREE FBBording.
xg'nzm R L AR L SR AR R
(rock. WBRLERS LIS maRetl ool AXer, oL, ot pelckenl 2 mapetl gy fecor ol ng
magnet i zat c'igg o'f.'the slave medium either simultaneously or in sequence. '
In the case where the irregqularity pattern representing
information to be transferred is a negative pattern reverse
to the positive pattern shown in Figures 6A to 6C, the
information can be magnetically transferred to the slave
| medium 12 by reversing the directions of the initial DCmagnetic
field Hin and the transfer magnetic field Hdu. The intensities
of the initial DCmagnetic field and the transfer magnetic field
are determined on the basis of the coercive force of the slave
medium 12, the specific permeabilities of the master
information carrier and the slave medium, and the like.
In the first and second embodiments, amagnetic recording
disc such as a hard disc or high?densify flexible disc is
generally employed as the slave medium 2 or 12. The magnetic
Jlayer thereof is generally of a coated magnetic material or
‘a metal film. The magnetic ldyer of the in-plane magnetic

recording medium 2 has a magnetic anisotropy where there is

‘an axis of easy magnetization in a direction parallel to the
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direction perpendicular to the track surface. Exanples Master information
carriers in accordance with first to twenty-second enbodRédues2@®S t he
present invention and first to fourth conparative exanples were made in
the followi ng way and transferred signal quality and durability of the
master information carriers were evaluated in the follow ng manner. The
result is shown in the following table. In the table, "enb" is

o Tenoriohe” s dp SUKENAL| 00,01 ACATDRRl! Ve BTl Cns ST 1S

cbbr ev! s e AL Balialion lable aasters shalanal aul ity

(he vse abiSlRekRTBANeL! £ycoRvey SRl ROLLY TG (P, Y0
duci .ack W . [ _ ' head d 0.67mii

epr oduclagockazgk ity Qudmy 8ot eger dhpahepdigap and 0 o7min

frequenchg%mgge% spectro-anal yzer, and the difference C/' N between the peak
intensity the primary signal and the nmedi um noi se N obtained by

ol ave medi um Mesceb IO cRUBaEHY O e -Hadd oA B Ko 20 s
o mary Erersy - HeRep e LR e B e BEYRERe (HERon SRS R edi um
by recording, @ rrf‘di’tfp%%@i% Eggmﬁi‘g? Wl A8l e in the following way
and transferred signal quality and durability of the master
information carriers were evaluated in the following manner.
The result is. shown in the following table. In the table, “emb”
is “embodiment”, “c/e” is an abbreviation of “comparative
example”, “SQ” is an abbreviation of “transferred signal

_'quality”, and “dur” is an abbreviation of “durability”.

Evaluation of the transferred signal quality

Quality of thé signal reproduced from the slave medium
was evaluated by the use of electromagnetic conversion
property meter (SS5-60: KYODO Electronics). A GMR head which
was 0.12um in reproduciﬁg head gap, 0.41um in reproducing
track width, 0.2 um in recording head gap and 0.67 gy m in
recording track width was employed. The read signal was
divided into frequencies by a s'pectro-—analyzer, and the
difference C/N between the peak intensity C of the primary
signal and the medium noise N obtained by ‘extrapolation was

measured. The quality of the signal reproduced from the slave

medium was eval_uated on the basis of the relative values _A
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by the use of the sane GWR head instead of magnetic transfer taken as O
db. Wen the relative value ACCNis larger than -1.5 db, 24dend 2e0%ferred
signal quality was evaluated as a good state O, when the relative val ue
ACNis not smaller than -3.0 db and not smaller than -1.5 db, the
transferred signal quality was evaluated as a fair state A and when the
relative value AC/Nis smaller than -3.0 db, the transferred signal

quality | BIR &Y8hUAREh AP R0l HAARE L AN ERdUBaDL! Lvels {15, TS ef

i nformation carrier was ng manner hat™is, with

the contaghe ﬁﬁﬁ%esg‘g&ag%p}&@ o"AghE ! RHLERY AR LA & A Gl e’ sl ave

medi um set to i 'nf or |on carrler and t he

sl ave mediyug. uars; Qam;ﬂgﬁ898£&§5§%n§;gge]?§8§aéf&&§ w0004 i

Thereafter, the sur ace o € nms i on rier served

{hr ough b Sie Rl LALOLLRE SRS NG 936008 2L 400X ] 0590 nasfkd%m fields

of view he nunbeéer of worn or ns S tow or | ess,

the durabi 0 nfor t|on carrier | uated .as good O,
i f the nun%’jee%l;(oJ rezﬁ)sgarrléhﬁﬁs be relgitive m&va,a%@ 9ef FRADand i

(the nunbel; of ghNepaTE MRG0 JI:Bn gﬁarﬁ%ﬁvaévgiﬁgéaeg%%ﬁ HARA T

enbodi nent fmati on on mast er n carrie

carrier e Cadidt HRESERRY *8%%' RO Ror 2optheq PHaOL0 min
track pitghaaghs*tRA9ed ¥R 20,5 db, the transferred signal quality
was evaluated as a fair state A and when the relative value
AC/N‘is smaller than -3.0 db, the transferred signal quality
was evaluated as a poor state X.

The durability of the master iﬁformation carrier was
eﬁaluated_in the following manner. That is, with the contact
pressure between the master information carrier and the slave
medium set to 0.49Mpa (5.0kgf/cm?), the master information
carrier end the slave medium were repeatedly contacted and
separated 1000 times. Thereafter, the surface of the master
information carrier was observed through differential
interferenc-e microscope et 480X in 500 random fields of view.
Then if the number of worn or cracked porfions is tow or less,
the durability of the master information carrier was evaluated
as good O, if the number of the same was 3 to 5, it was evaluated

~as fair A and if the number of the same was 6 or more, it was

evaluated as poor X.

First embodiment

Information on a master information carrier was

25




I nnernost position at a distance of 20mmfromthe center to an outernost
position at a distance of 40mmfromthe center was prepaédundP@0i t

| ength was 0.2min the innernost position. The grooves were 0.2 min
depth. that is, the height of the protruding portions was 0.2m The naster
I nformation carrier was fornmed by the use of stanper nethod, and a soft
magnetic | ayer of FeCO (30at% vvas formed on a Ni base sheet at 25 C. The

Spu“e“nggafllﬁ%é?i‘éﬁ td@n OlIi]'f;gll e ﬂ{{ AN, d e Jaawer SHQB'tEEd was

2. 80W | ane reco a were produced I n

%’LLS%?%%?@%&%@% i &Hgné%gﬁhipimss ﬁ@%ﬁ%@’%ﬁ'%r gorcing

Me i T X10-5Pa (1.0
X 10" ToPFyChi WERER: BBt Tt bAdbr ot CTE=Ghd L FE Ahgon GERIP FERCER i nio t he
appar at ufnné?m@s?éé%f{dﬁ% faz'% @4@%%119@%@ Lomi"#¢bn! BAZE LARAIL £QNS,

gl ass discs were a magnetic Iayer consisting of a 30nm
ol acs o ShcTEEERORF el Ay S can Sty Wit SERRC LD BRRESE . o on
Zﬁ%”eégé‘?f‘%iﬁag‘?%eﬁng@ & BIE{ RBPoFh e o Z4dh F he ROERRRFT aces of
s showP P ERERT ol TGP Y SoirEr S SoR UhEBRERertrofibor 1 HELoah on & ho
mast er I_61%O‘E1r1rgtllnxggt§uaé{1|1gerpovﬁc10ns was 0.2um.

The master information carrier was formed by the use of

stamper method, and a soft magnetic layer of FeCO (30at3) was
formed on a Ni base sheet at 25° C. The sputtering pressure
was 0.15Pa (1.08mTorr), and the power supplied was 2.80W/cm’.

The in-plane recording slave media wére prociuced in the

followingmanner. That is, 3.57 disc-shaped in-plane magnetic

recording media were prepared by a sputtering apparatus
(S-50S: Shibaura Mechatronics). The sputtering apparatus was

evacuated to 1.33 X 107°Pa (1.0 X 107'Torr) at the room

temperature and then argon was introduced into the apparatus

to a pressure of 0.4Pa (3.0mTorx). Under these conditions,
glass discs were heated to 200° C and a magnetic layer
consisting of a 30nm thick CrTi layer and a 30nm thick CoCr
.layer was formed on each of the glass discs. Each of the slave
“media was 5.7T {4500 Gauss) in saturation magnetization Ms and
199kA/ﬁ (2500e) in coercive force. The ratios da2/dal and

da2/s and the angle 8 of inclination of each of the side

surfaces of the protruding portion of the irreqularity pattern
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transferred to the slave nedia in the sane nmanner as in the first

enbodi nent except that dal/dal was changed to 0.06. Thir @4dumo2008ent The
information on the master information carrier were transferred to the
slave nedia in the sane manner as in the first enbodi nent except that

dal /dal was changed to 1.3. Fourth enbodi ment The information on the
master infornmation carrier were transferred to the slave nedia in the same

manner agef-B LReshbihSt eEHQdEHTEBwfﬁﬁegébi??t dal /S was changed to 0. 09.

Fifth enbodi nent The infornmation on e nmaster information carrier were
transferggdotq media in the sane manner as in the first
enbodi ne 2 Eltfods BURt /'S was changed to 0.35. Sixth enbodi nent The
i nformation onpf he J@stLl el [ . 1 ferre t he
slave nedia in t%e sane r;calndr}{e%rngghfenﬂ?%g&fﬁfsﬁa lood{ ?e%tr%éq‘fcgrﬁ%gt hat

da2/ S vagreharaproh Ocd- O < SRYEH b DgOiaEnt. The Lol gt el on gt he

master information carrrer were ransferre ave ne t he sane’
manner ag; Qs t | e ' X a to 0.42.
B ohth obkbr ndogbighe SIROCLEEPhal aER) ol o £ R IR OGS

i nf or mat 4 rd eF . transferred to the slave nedia in the sane manner
.as int IR &aéﬁﬁéﬁ & nt except that the angle 0 of inclination of

The information on the master information carrier were

_transferred to the slave media in the same manner as in the
first embodiment except that da2/dal was changed-to 1.3.

Fourth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/S was changed to 0.09.

Fifth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the

first embodiment except that da2/S was changed to 0.35.

Sixth embodiment

The information on the master information carrier were
‘transferred to the slave media in the same manner as in the
first embodiment except that da2/S was chénged to 0.04.

Seventh embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/S was changed to 0.42.

Eighth embodiment
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each of the side surfaces of the protruding portion was changed to 35 .

Ni nt h enbodi nent The infornation on the naster informatio@4dane 2835 wer e
transferred to the slave nedia in the sane manner as in the first

enbodi ment except that the angle 8 of inclination of each of the side
surfaces of the protruding portion was changed to 75 Tenth enbodi ment The
informati on on the master information carrier were -transferred to the

slave media i nTBQelﬁﬁﬁn%@{He}g é)ﬁ?%%a'e{\ﬂggﬁerfiﬂi% L00gl ][E%p%] RACERL oL hat the

angle 0 of inclination e side sur aces 0 e protruding

portion ywesnchanged tLorrae H S¥&Nduargdi Oa};{l;‘nn{ et 391 2Rt he

mast er |nformat|on carrier were transferre averm|a|nthe sane

orenchEF o fEhehe T %@gpf%ﬁﬁ ﬁ?%i?%@f%gbgg’ﬁﬁ Pﬁﬁ%&éﬁﬁ'&ﬂé'@hna{ o 85
Tvel fth. ggbrdiseAt éf&ié’%l cu egsq{f @hgﬁﬁt Sledd °¢T§§Eg?¢8n ahs cﬁrﬁgwga June

transferred to a perpen recor H5VeE
2005 s ner as in the flrst enbodlnent except that the slave nedia

were formed i1n the following manner and a perpendicular initial magnetic

field ang; &-ReLREpqigthar transfer magnetic

The information on the master information carrier were

Vtransferred to the slave media in the same manner as in the

first embodiment except that the angle 6 of inclination of

each of the side surfaces of the protruding portion was changed

to 75°
Tenth embodiment

The information on the master information carrier were

transferred to the slave media in the same manner as in the
first embodiment except that the angle 8§ of inclination of
each of the side surfaces of the protruding portion was changed

to 25°
El eirenth embodiment

The information on the master information carrier were
trénsferred to the slave media in the same manner as in the
first embodiment except that the angle 0 of inclination of
each of the side surfaces of the protruding portion was changed

to 85° .
Twelfth embodiment

Information on a master information carrier was

transferred to a perpendicular recording slave media in the
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field were applied to the slave nmedium and the master information carrier.
The perpendi cul ar recording slave nedia were produced i n24bend 2dd5W ng
manner. That is, 3.5" disc-shaped perpendicular nmagnetic recordi ng nedia
were prepared by a sputtering apparatus (S-50S: Shi baura Mechatronics).
The sputtering apparatus was evacuated to 1.33 X 10-SPa (1.0 X 10-'Torr)
at the roomtenperature and then argon was introduced into the apparatus

wer o heat eicrBEIBET AL e g ket SbE0LntlE ErGBR A Fre0s AN ck N Fe
the ol achodracee gt fotnd ST el RATEL Y FpttRandifilag oo O
ati o abd R anel oS SR RubiR PG Clat e b RegnbhiBr (e

2" shownt Tecgndred PBRIGY L7 B33 PRuR: meCfipbl Ab: e PREGERali on on

t he mast i ion.carrier were transferred to the slave nedia in the
samne mnﬁ%’?b%%%@{’hgar{:%ﬁth enbodi ment except that db2/dal was changed

to 0.3. Fourt egth err‘no(gjc nt 29 24 June 2005 The infor matian og t he

mast er i nfor na A AT RN 1 %reﬁel’:é’ﬁ &A% EaFE ORELE UFESNBEPSIFR%t he sane

manner agn i nefde e PELLLD, SRAddENt expeRt At dbgldal;uas ghanged to
perpendicular magnetic recording media were prepared by a

sputtering apparatus {S-50S: Shibaura Mechatronics). The
sputtering apparatus was evacuated to 1.33X 107°Pa (1.0 X
107'Torr) at the room temperature and then argon was introduced
into the apparatus to a pressure of 0.4Pa (3.0mTorr). Under
these conditions, glass discs were heated to 200° C and a
magnetic layer consisting of a 100nm thick NiFe layer, a 30mm

. thick CrTi and 30nm thick CoCrPt layer was formed on each of

the glass discs. Each of the slave media was 5.7T {4500 Gauss)

in saturation magnetization Ms and 199kA/m (2500e) in coercive
force. The ratios db2/dbl and db2/S and the angle @ of

| inclination of each of the side surfaces of the protruding
portioh of the irregularity pattern were as shown in the
following table.

Thirteenth embodiment

'I'_he information on the master information carrier were
tranéferred to the slave media in the same manner as in the
twelfth embodiment except that db2/dal was changed to 0.3.

Fourteenth embodiment
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Fifteenth enbodi nent The information on the naster information carrier were
transferred to the slave nedia in the sane manner as in theJuten2dds h .
enbodi ment except that db2/S was changed to 0.09. Sixteenth enbodi nent The
information on the nmaster i'nformation carrier were transferred to the
slave nedia in the sane manner as in the twelfth enbodi nent except that
db2/ S was changed to 0.35. Seventeenth enbodi nent The information on the

mast er i nfor . Qn: L.ar: wer r ! t slave_nedia in the same
manner as inﬁ%g%ﬁmﬁﬁﬁlgﬁggﬁ Ewialﬁtaﬂ éégée%t:l q}%oa aﬁfﬁs:ﬁéglgﬁaﬁsléﬁ to 0.04.
Ei ght ee L.agni. The infarmtion an the master information_carrier
wer e tPgﬁéﬁg?gg%g§o£?h€§%|%%é§%§§ﬁé§%:$%|%§Eg§ en@ﬁﬁg?ragsiﬁntﬁgedpmelzth
enbodi mepf, p ‘ / ed .t .42, i net eent h_ephodi men
The i nf or rr%tf‘l%gﬁ %nr?&?%{em%g%t%r:‘ é|inrf ggrh%ﬁr}?lc%r% /gigalr :cw&: ﬁ%liggégr gﬂs?egged E(r)] Ehe
sl ave 'gg'gz e g@-m&g@er as in the twelfth enbodi nent except tha
t he angllefii &fnt1 oo f each of thg.side gurfagisjof tggogro%Luding
portion was c t t enmbodi.ment .. une e
ot or mat 1 on ontiha hesxatol BR LB InETRet IR tpra RePERPEEE e s! ave
redi a | nLhye. pappe FRANe 291 d BRa i HHeolBRd Bk eXgePl el the
angle 8 of inclination o

‘twelfth embodiment except that db2/S was changed to 0.09.

Sixteenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that db2/S was changed to 0.35.

Seventeenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that db2/S was changed to 0.04.

Eighteenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that db2/S was changed to 0.42.

Nineteenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
twelfth embodiment except that ﬁhe angle § of inclination of
each of the side surfaces of the protruding portion was changed

to 35°

Iwentieth embodiment
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each of the side surfaces of the protruding portion was changed to 75
Twenty-first enbodi nent The information on the naster inf&4dane 2005carrier
were transferred to the slave nedia in the sane manner as in the twelfth
enbodi ment except that the angle 0 of inclination of each of the side
surfaces of the protruding portion was changed to 25 Twenty-second

enbodi nent The information on the master information carrier were

t f d t oThbe; L & | th
ransferred toThheisteme FEsh & Qhﬁe{)‘xﬁa?ﬁ%ﬁ%aﬁoﬂ ’Ea&'l%ef\:t ;&%@

enbodi ment except that the angle O each of t si de
-surfacestebnlierpeat t90ERG PREVE HeABS GAMLE 2l nBRQUTBAT 3L ¥heexaMPl € 1

The information on the master information carrier were transterred to the
sl ave neg{,gl'feht&@ogﬂﬁﬂ{% s.in.the first embodi ngnt except _that

dal /dal was changed to O. %%%reg%ngiéggt%ee a&?&ﬁpleg %P'f‘ﬁ]e@iilﬁ’ragrlr%{)?gn on the
mast er | kO AR HAld QL FUBES of FRASSY i flbgghg the same
manner as in the first. enbodi neont{:egirg{ﬂlﬁﬁjzi dggﬁggloﬂv\‘vgasg? ggaég to 1.5.
31 24 Jupg 2805 Conparative exanple 3 The information on the naster
information carrier were transferred to the slave nedia in the sane manner
~as in thewehwel L PsenbRdbaBRLn£XxCept that db2/dbl was changed to 0. 1.

The information on the master information carrier were
rtransferred to the slave media in the same manner as in the
twelfth embodiment except that the angle 6 of inclination of
each of the side surfaces of the protruding portion was changed
to 25°

Twenty-second embodiment

The information on the master information carrier were
Transferred to the slave media in the same manner as in the
twelfth embodiment except that the angle 8# of inclination of
each of the side surfaces of the protruding portion was changed
to 85° .

Comparative example 1

The information on the master information carrier were
transferred to the slave media in the same manner as in the
| first embodiment except that da2/dal was changed to 0.04.

Comparative example 2

The information on the master information carrier were
transferred to the slave media in the same manner as in the

- first embodiment except that da2/dal was changed to 1.5.
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Conparative exanple 4 The information on the master information carrier
were transferred to the slave nedia in the sanme manner a24iJong @05 twel fth
enbodi ment except that db2/dbl was changed to 0.7. Tabl e nedi um dal/dal
da2/S 0 SQ dur (db2/dbl) (db2/S) ( ) (dB) enb. 1 in-plane 0.5 0.2 45
+0.1(0) 0(0) enb. 2 in-plane 0.06 0.2 45 0.0(0) 1(0) enb. 3 in-plane 1.3
0.2 45 -0.7(0) 0(0) enb. 4 in-plane 0.5 0.09 45 -0.9(0) 1(0) enb. 5

i n-plan 4 0) 2(0) enb. 6 in-plane 0.5 0.04 45 -1.8(A)
2(0) e InglaatPye exatipf 2 45 -1.9(A) 2(0) enmb. 8 in-plane 0.5 0.2 35

012593 ?“Z’ﬁ?&%ﬂ%ﬁ% PEbs i gt
E)erpen |§% f)a}gf Y aa m i per pendi cu ar_mgjj

0.1(0) perpen cul"&r 54 June

per pendi EUPSTCB. HBERERE S50h) Erar BRI wel) é%%ﬂéﬁﬂcuﬁi@bei‘? 0. 35
45 +0. 1(82)1{115&{_91‘;3@5{&1%@18%pend| cular 0.11 0.04 45 -2.1 (A 2(0)

The information on the master information carrier were

transferred to the slave media in the same manner as in the

‘twelfth embodiment except that db2/dbl was changed to 0.7.

Table
medium| da2/dal daz2/s 0 30 dur
(db2/dbl) | (db2/S) | (° ) (dB)

Jemb. 1|in-plane 0.5 | 0.2 45 | +0.1(0) | 0(O)
emb, 2|in-plane 0.06 0.2 | 45 o.O(O) 1 1{O)
emb. 3f{in-plane 1.3 0.2 45 1 -0.7(0) | 0(O)

{emb. 4jin-plane 0.5 0.09 45 | -0.9(O) | 1(O)
emb. 5|in-plane | 0.5 0.35 45 1-0.4(0) | 2(O)
emb. 6 |in~plane 0.5 0.04 45 [ -1.8(A) | 2(O)
emb. 7{in-plane 0.5 0.42 45 -1.9(A) | 2(O)
emb. 8 [in-plane 0.5 0.2 35 | -1.4(0) | 1(O)

|emb, 9 in-plane 0.5 0.2 75 [ -0.4(O) |} 21(O)
emb. 10 [in-plane 0.5 0.2 25 | -2.7(A) | 2(0)
emb. 11|in-plane 0.5 0.2 85 140.2(O) | 5(4)

{ emb. 12 | perpendicular 0.11 0.2 45 1+40.5(0) | 2(0)

| emb. 13 | perpendicular 0.3 | 0.2 45 | -0.1{0) | 2(0O)

1 eb. 14 perpendicular 0.49 0.2 45 | -0.2(0) | 1(O)
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enb. 18 perpendicular 0.11 0.42 45 -2.9(0) 1(O
enb. 20 perpendicular 0.11 0.2 75 +022(J0phe Q0TH
enb. 22 perpendicular 0.11 0.2

0.2 35 -0.5(0)

0(0)

21 perpendicular 0.11 0.2 25 -3.0

85 +0.8(0) 4(0)
1.5 0.2 45 -2.3(X) 1(0)

cle.

cle.

(0) 2(0)

1 in-plane 0.04 0.2 45 -1.8(0) 7(X)
3 perpendicular 0.1 0.2 45 -0.5(0) 10 (X

cl/e.

2 in-

c/e. 4 perpendicular 0.7 0.2 45 -3.5 (X) 0(0) 33 24 June 2005 CLAIMs: 1.
A mastel inforfation carriler fg nagnetlc tranfsfer [to an in-plane npgnetic
recor dijng nediuﬂ1%d£ﬁ%ﬂ%?h 4881 ghedt2fha avifngBan i rr &8l ar t fUpat f ern
representing ihformation 2 ? transferreg%tc an in-pl ane netic
recordijng medi um and a neigheP?é (¢o¢ a(oﬁg t hddBdregul arity
pattern, Whergin tne | npriovenent._ conpri ses that. rthg rthickness dal —of the
magnet i [cSMPayer WPFIPFE%We rflace |of %2 O ofr Mt ng Porti@n pfl Bk
irregularltyegattern_ and [the thicknass dat offthe magnetiT tayer_onj each
of the |[s¥e 16sppgraendicakart he #r-dtdr udijng GdS i gn Kt | $y. III(P@)f o1 (&M ng
condi tifon, 0 Opdaz? q'd.i —<ir 2 A TEster T nfformationcarrier—as—def i ned
in d aijsmP. ¥7n| perperdicwerr atl ®-3f1 t hg t Hi-Onegs da2| of2 .uﬁea.nragme(@b ayer
on eachof tte~side surfages—of the grotruding—portifon—to—th tength S of
the redqes. i | pargendicwan 0. 09 .ddd sral 0ed2t han 45 | -2.3(A) | 1(O)

emb. 19 | perpendicular 0.11 0.2 35 | -0.5(0) | 0(O)

emb. 20 { perpendicular 0.11 0.2 75 1+0.2(0O) | 0(0O)

emb. 21 | perpendicular 0.11 0.2 25 -3.0(A)Y | 2(Oy

emb. 22 { perpendicular 0.11 0.2 85 | +0.8(Q) | 4(0O})

c/e. 1]in-plane 0.04 0.2 45 | -1.8(0O) | 7(X)

c/e. 2{in-plane 1.5 0.2 45 {-2.3(xX) | 1O

c/e. 3 | perpendicular 0.1 0.2 45 | -0.5{0) [ 10(X)

c/e. 4 {perpendicular 0.7 0.2 45 | -3.5(X) | 0(QO)
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0.4. 3. A nmaster information carrier as defined in Caiml or 2 in which"
the angle 0 of inclination of each of the side surfaces &#Jume2@iSot r udi ng
portion of the irregularity pattern is not smaller than 300 and snall er
than 800 . 4. A master information carrier as defined in any one of Cains
1to3in which the information to be transferred includes a servo signal.
5. A master information carrier as defined in any one 34 24 June 2005 of
Claims 1. tqQ 4 in.which the nagnetic layer is a soft magnetic - | ayer or a
sem - har ¥ %6t ic layer. 6. A master information carrier for magnetic

t f to’ i.cul i di di . i Sir b

ELZfoﬁ;viSS gkp???§§§F§?i?@fﬁgﬁggﬁﬁfyégfgi%%g; ”ﬁﬁkﬁgﬁﬁ%?ﬁ%ﬁﬁkEgzﬁﬁejfj
ransf er 0:a_ neti.c.recordi ng nedi um, an .

| ayer fo?ﬁeaﬁafgngf%ﬁgnﬂégéég %?? %)c/oﬁgf‘?gr W?dlmg%{“ﬂrtlﬁéngnﬁr 9é?rgnt

comr| sesuLbeln e B duissi b, o pLemmanety ¢ Laver, on b uheer

surface of a protrudrng portion o !
e Eg 2 Py e PR W LMEL 0 SRS St LR GRS 1 s
hi ckness SBI05t Tonet M FEERF By A1onh bieh e Rl e oRRFEER: of the
protrudiige PO 1 Ak Ol ement comprises that |
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irreguiarity pattern
and the thickness da2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition, |
0.05<da2/dal=1.3.
2. A master information carrier as defined in Claim 1
in which the ratioc of the thickness da2 of the magnetic layer
on each of the side surfaces of the protrudjai.‘ng por.tion to the
length S of the récess is larger than 0.05 and smaller than
0.4.
3. A master information carrier as defined in Claim 1
or 2 in which the angle 6 of inclination of each of the side
surfaces of the protruding portion of the irreqularity pattern
is not smaller than 30° and smaller than 80° |
4. A mas_ter.information carrier as defined in any one
of Claims 1 to 3 in which the information to be transferred

~includes a servo signal.

5. A master information carrier as defined in any one
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length S of the recess is larger than 0.05 and snmaller than 0.4. 8. A
master information carrier as defined in daim6 or 7 in24dundh200e angle O
of inclination of each of the side surfaces of the protruding portion of
the irregularity pattern is not smaller than 30 and snaller than 800 9. A
master information carrier as defined in any one of Clainms 6 to 8 in which
the information to be transferred includes a servo signal. 35 24 June 2005

10. A nmastfeclabnerimibl Qrircaht cRrias mdghieted 1ayanyi soaesoxft hghesib to 9 in
whi ch the magnetic layer is a soft nmagnetic |ayer or a sem -hard magnetic

| ayer .  llayérmagnel isendi-dasidemaghbhod fayemagnetically transferring
information carried by a nmaster information carrier, conprising a base

sheet having as.i rx egidtadt infopabtebn £8PrESENtdNGdgifeariBtirafsFarbe
transferred to an in-plane nmagnetic recording nmediumand a nmagnetic | ayer

formed alocagetrpenidiced dranidiyettiad Feebrdiagaied N anprMBINgtd Baséecor di ng
medi um havi ng a magnetic |ayer at |east on one side thereof, the nethod

conpri si sheklichstpg a0f i ApPYY1 A ) pattitkiral repXes@muniaid enfoendtiont he
i n-pl ane magnetic recording medium in a direction parallel to the tracks

- thereof so BdatrahbEeriragnes hpd@y@idituldienhinBtane-dmgrEEnege@ndi ng
mediumis magnetized in the direction and then applying a transfer

magnet i c ahtdehdnagnat e r Boyd 0 NEQRRS 1o nieo thize i diregallhentof phbeerhpi tial DC
magnetic field to the nagnetic |ayer of the nagnetic recording nedi um and
t he magneheeecinayeheoimphevemehercomprises that
the thickness dbl of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
and the thickness db2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition,
0.1<db2/db1=0.5.
7. ‘A master information carrier as defined in Claim 6
in which the ratio df the thickness db2 of the magnetic layer
on.each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4.
8. A master information carrier as defined in Claim 6
or 7 in which the angle 8 of inclination of each of the side
surfaces of the protruding portion of the irreqgularity pattern
is not smaller than 30° and smaller than 80° .
9. A master information carrier as defined in any one

of Claims 6 to 8 in which the information to be transferred

includes a servo signal.
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information carrier with the magnetic layers held in a close contact with
each other, wherein the inprovenent conprises that the tB#dume2805dal of
the magnetic |ayer on the upper surface of a protruding portion of the
irregularity pattern on the master information carrier and the thickness
dal of the nmagnetic |ayer on each of the side surfaces of the protruding
portion satisfy the following. condition, 36 ------ ----- ----- 24 June

2005 0. 05<da2ihdal Ehakstd irnkorahitednasadefbpaed 'ki@f%é%i”lﬂr]aﬂj‘ ofai ch the

ratio of the thickness of the magnetic |ayer on each of the side surfaces

of the preot cugding Pt bomh WBitherheRAlRe? i@f 14 Her HRCESSort halydk@al t han
0.05 and smaller than 0.4. 13. A nethod as defined in any one of Cains 10

to 12 irnaheht ke sngl-gaBOhagheltipat hgaof each of the side surfaces of
the protruding portion of the irregularify pattern is not smaller than 30

and snal l er than 80 4. mAgRBENE! itGdn3sf ehePRLA0OES O nRGReLICGAITLY
transferring information carried by a nmaster information™ carrier,’

conpri si NgrandMST iMMeeinfonhdi@ LAregsbabit Ya RALEEFN iHERFASALNNT
information to be transferred to a perpendicular nmagnetic recordi ng nmedi um

and a maggtdied,ayesmpf iy al aptd henbéf eHhAakgt VaPat k@eBulh@idy

per pendi cul ar nmagnetic recordi ng nmedi um having a magnetic |ayer at |east

on  one Padedrienafireddit iR NrFCIEFIcH NHot BR SRR Rfr2RP! ¥bNen
in-plane magnetic recording med_ium and a magnei:ic layer formed
along the irregularity pattern, to an in-plane magnetic
recording medium having a magnetic layer at least on one side
thereof, the method comprising the steps of applying an initial
DC magnetic field to the in-plane magnetic recording medium
in a direction parallel to the tracks thereof so that the
magnetic layer of the in-plane magnetic recording medium is
magnetized in the direction and then applying a transfer
magnetic field in a direction opposit;—e to the direction of the
initial‘ DC magnetic field to the magnetic layer of the magnetic
recording medium and the magnetic layer of the master
information carrier with the magnetic layers held in a close
contact with each other, wherein the improvement comprises
that

the thickness dal of the magnetic layer on the upper

.surface of a protruding portion of the irregularity pattern
on the master information carrier and the thickness da2 of the
magnetic léyer on each of the side surfaces of the protruding

portion satisfy the following .condition,
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an initial DC magnetic field to the perpendicul ar magnetic recording
mediumin a direction perpendicular to the track plane tRBédend 2605 t hat t he
magnetic | ayer of the perpendicular. magnetic recording nediumis
magnetized inthe direction and then applying a transfer magnetic field in
a direction opposite to the direction of the initial DC magnetic field to
the magnetic |ayer of the magnetic recording mediumand the magnetic

| ayer of the master jnjer QLiearr4er with the nmagnetic layers held in a
cl ose contact with each o‘?ﬁ / V\In_ere"di n 37 24 June 2005 the inprovenent

conprises that 1phe & hicdHes s s08b £ 9heliNg, eagnet 19 EAYERioR {ie L4RRsr

surface of a protruding portion of the irregularity pattern on the naster

i nf or mat i e khdlckardst BE thieCkpgsetdb2 19k then 'E%%ﬁUfC ﬂq@’ igen each of
(0]

the side surfaces of the protruding portion satisfy the follow ng

condi t i oBurGakedh?f ¢hkep lQ)tSrud-ﬁl% ﬁg%%ﬁﬁ:d BhQMER s G thElredRsielined in

Claim 14 in which the ratio of t hi ckness of t'he nagnetic |ayer on

each of tike 1shrdersgnhacesosf ahhesﬁémékldtﬂsnpﬁra' on to the length S of the
recess is larger than 0.05 and snaller than .4. 16. A master information

carrier as defiped A mdBRidNaslée®inbd kA ¥AY C&hé@f%ﬂ% %31%’ tigghi nation

of each of the side surfaces of the protrud| ng portion the irregularity

pattern % R AMRIHL B 80 SPdigARILEE1 50388 ch of the side
: surfaces of the protruding portion of the irregularity pattern
is not smaller than 30° and smaller than 80° .
| 14. A magnetic transfer method for magnetically
transferring information carried by a master information
carrier,- comprising a base sheet having an irregularity
pattern representing information to be transferred to a
‘perpendicular magnetic recording medium and a magnetic layer
formed along the irregularity pattern, to a perpendicular
magnetic recording medium having a magnetic layer at least on
one side thereof, the method comprising the steps of applying
an initial DC magnetic field to the perpendicular magnetic
recording medium in a direction perpendicular to the track
plane thereof so that the magnetic layer of the perpendicular
. magnetic recording mediﬁm is magnetized in the direction and
then applying a transfer magnetic field in a direction opposite
to the direction of the initial DC magnetic field to the
inagnetid layer of the magnetic recording medium. and the
magnetic layer of the master informatioh carrier with the

magnetic layers held in a close contact with each other, wherein
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38 24 June 2005 MASTER | NFORVATI ON CARRI ER FOR MAGNETI C TRANSFER AND
MAGNETI C TRANSFER METHOD ABSTRACT OF THE DI SCLOSURE A nmazdeung @0@5 nmat i on
carrier for magnetic transfer to an in-plane magnetic recordi ng nedi um

i ncludes a base sheet having an irregularity pattern representing
information to be transferred to an in-plane nagnetic recordi ng nmedi um and
a magnetic layer fornmed along the irregularity pattern. The thickness dal

of the nagretinpdoa@iendn doripesy tHatd ace of a protruding portion of the
irregularity pattern and the thickness da2 of the magnetic |ayer on each

of the side suthacehnickhelsie duiotgfudiig Redtdr Salyiesf ort hevd algpasd ng
condition, 0.05<da2/dal<1.3. Fig. 2 39
surface of a protruding portion of the irreqgularity pattern
on the mas_ter information carrier and the thickness db2 of the
magnetic layer on each of the side surfaces of the protruding
portion satisfy the following condition, |
0.1<db2/db1=0.5.
15. A master information carrier as defined in Claim
14 in which the ratio of the thickness of the magnetic ll_ayer
on each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4, ‘
16. A master information carrier as defined in Claim
14 or 15 in which the angle € of inclination of each of the

side surfaces of the protruding portion of the irregularity

pattern is not smaller than 30° and smaller than 80°
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