20 February 2006 MASTER | NFORVATI ON CARRI ER FOR MAGNETI C TRANSFER
" BACKGROUND OF THE I NVENTION Field of the Invention 5 ThiGFebmarsi0en
relates to a master information carrier carrying thereon an irregularity
.pattern representing the information to be transferred to a nagnetic
medium Description of the Related Art Wth an increase in information
quantity, there is a 10 demand for a magnetic recordi ng nediumwhich is
hi gh in menor yMASBIDRCINFORMAOPION CRRRIERIFER aiZcNl JC rERANSEBRa short tine -
to read out a necessary part .of data (a magnetic recordi ng nmedium which
" .allows so-call ed high-speed access). As an exanple of such a nmagnetic
recordi ng medi um there has been known a high 15 recordi ng density magnetic
medi um such as a hard di $@c&GraOURDP or hemreaaveNrIoNe form of a flexible :
disc. -In such a high. recording density magnetic medi um the recording
area is forned by narrow daigidragkene | mesiefot 0 cause a nagnetic head
to accurately trace such narrow data tracks and reproduce 20 the data at a
high & N.ratiogyihe isQepdlibadrah¥ast taGKiRGtreshnbaMat has &A1 EAPI oyed.
In order to performthe servo tracking, it is necessary to wite servo
~informati i agkd i | 2t e RO SHdr :H i £ €iaé a
tracks, a rl?éigngs?grrl]éa%&?o%ﬁt %?I%g;t%a%%tyfgzks and repproductir(i}ﬁ cl ock
signal s ety ' [ Snamefommiigpon production
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: Description of the Related Art '

With an increase in information gquantity, there is a

C

10 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
which allows so-called high-speed access). As an example of

such a magnetic recording medium, there has been known a high

15 recording density magnetic medium such as a hard disc or a ZIP

(Iomega) in the form of a flexible disc. In such a high.

recording density magnetic medium, the recording area is

_ formed by nar’r.ow data tracks. In order to cause a magnetic

O head to accurately trace such narrow data tracks and reproduce

20 the data at a high S/N ratio, the so—called servo tracking
téchnique has been employed.

Iﬁ order to perform the servo tracking, it is necessary

to write servo information such as servo tracking signals for

poSitioning the data tracks, address signals for the data

25 tracks and reproduction clock signals on the magnetic

re.cording medium as a preformat upon production thereof. At



C 0 the present, such preformat recording is performed by the use of a
speci al i zed servo recordi ng apparatus (a servo track \/vrz(ﬂéﬁb}uar}’-la(}ﬁ,ﬁver t he
preformat recording by the conventional servo recording apparatus is

~ disadvantageous in that it takes 5 a long tinme since the servo information

~ must be recorded on the magnetic recordi ng medi um one by one by the use of
a magnetic head, which deteriorates the productivity. As a nethod of

‘recordi n%ﬁ&%rl’é@%h@r NMBhcAGSHE B Bhat artorefificienpé ¥ foihed b hanebees
‘proposed, for instance, in 10 Japanese Unexam ned Patent Publication Nos.

63(1988): g§3§2§pe@pgii§é§6§e§eeUr§coE@t1@1@t pdrattis 04D, s@rvBInLhER

transfer nmethod 1n which a pattern. which is fornmed on a naster

N Of MR LA (AN CHoRRN S ONES BBEEORARY L dIN RLIRY bYTtHeSC6RDbRE: 0hL a
magnetic recording mediuna slave mediun) by magnetic 15 transfer. In the

Emg“et ic §Jﬁ}b$§:§f:orh he TBEPSEAERS | R AEURM £ alRBAES BRI ML tikerhREQr mati on

g servo 1 n OI’I'TB.'[IOH carried byamaster I nformation carrier is

magneki cal |y, g@rtal&h%f% n%% fth%ms@%on&%%&mw&&%nﬁws@nbeafébsr_»déa énsl ave 20
medi um by ap ing a transfer nmagnetic field to the slave nmedium and the

master infor Ig%ﬁé’@lb 0 HASE rfPHE @t Wn b $ 8RR 19 BEE us 208 AREGREENGI Y, the

|nforrrat|on ried by the master information carrier can be statically

500920 A P B it plaldzapel | o et on” st
As a method of recording the preformat accurately and
C efficiently, there has been proposed, for instancé, in
10 Japanese Unexamined Patent Publication Nos. 63(1988)-183623,
2001-14667 and U.S. Patent No.6,347,016, 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
15 transfer.

In the magnetic transfér, the magnetization pattern
representing the information (e.g., servo information)
carried by a master information carrier is magnétically'
transferred from the master information carrier to a slave

20 mediumby applyirig a transfer magnet‘ic field to therslave medium
aﬁd the master information in close contact with each other,
and aécordingly, the information carried by the master
information carrier can be statically recorded on the slave

| medium with the re.lat:i.ve position between the master

25 information carrier and the slave medium kept constant. Thus,

according to the magnetic transfer, the preformat recording




according to the magnetic transfer, the preformat recordi ng 20 February
2006 can be perfornmed accurately and the time required f¥rFebmary 30X or mat
recording is very short.  The master information carrier enployed in the
magnetic transfer disclosed in Japanese Unexam ned Patent Publication 5
No. 2001-14667 and U.S. Patent No. 6,347,016 conprises a patterned base
sheet having on the surface thereof an irregularity pattern representing
the i nfordumt QN {OrPErmld ABSERELED1 GNAnA HRENHife hURT1 def MRS dEnd east on
the surface o e protruding portions of the base sheet. 10 As a net hod

of form Q%E%glﬂtf%r Pfééoqﬁq% bla&sqresitipesthodttﬁﬁere has been known a nmethod in

which an-irre y pattern 1s Tformed on the surface of a non-magnetic

flac plate by jphopliLbagt A, s b33 chesth, eaplaysechl Adiendied d of

sem conduct or. wever, een t ha the signal 15 1s
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a non-naéhe I C Dase ‘sheet, e transfterre srgnal can

greatly qeterigiplesgig LRa IEHMELVent ol NEATNYEIR! Achp i come 1o

concetv _ convent'i onal nmaster i orfration carrier, where the

 base sheet, . j.S on- padnet L, .51 SS, N Y ohhe. JRONSHIG AV ehetapgeck,on the

het
b heét? '
ase s e to conver genc nagnet|c uxes an conver gence

of magnet,ic fl uxes .cong rate et| ul.en is
gener at e&ﬁ?ﬁgt'ﬂgwgnegsgg?}ell ?e%%ée%%a%; @hr'e:lc’fgoniﬁ%%?%%/gelpnlé i ﬁ% si de,
which detel ¥A8%d and a magnetic layer formed at least on the surface |

..(ji of the protruding portions of the base sheet.
i0 As a method of forming such a patterned base sfxeet, there
has been known a method in which an irregularity pattern is
formed on the surface of a non-magnetic flat plate by
photolithography which has been employed in the field of
- semiconductor. However;it}unsbeenfoundthatwhenthesignal
15 is transferred to a slave medium from a master information
carrier comprising a non—maénetic base sheet, the quality of
the transferred signal can greatly deteriorate due to

(j} asymmetry.

We, these inventors, have come to copceive that in the
20 conventional.masfer information carrier, where the base sheet
'is non-magnetic, since only the magnetic layer formed on the
base sheet contributes to convergence of magnetic fluxes and
convergence of magnetic fluxes concentrates on the magnetic
_laYer, turbulence is generated in the magnetic field
25 established on tﬁe slave medium side, which deteriorates

symmetry (increases the degree of asymmetry). The magnetic




symmetry (increases the degree of asymetry) . The magnetic 20 February
2006 | ayer on the base sheet is as thin as several tens 20Febgenrs2806
hundreds nm and the edges of the protruding portions are sharp. Due to
such a small thickness of the magnetic |ayer and. such a shape of the
magnetic |layer, the transfer magnetic layer is stabilized in the energy
stat e at lejeredgestbe theseproiteaii Ag port Ebhs awd sevdceht tanisort of

tic fl t he ed : s o Whi det ' "
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Further, cwechaug delerdhdigd that  td NsQElel ERa13URPLRSSEY I enge of the
magnetic field in the area of transfer of the slave nedium it is

necessar pagoetide adayemgnatdc shiabe ashebtpto afecth¢ymahaetignsfasreivagneti c
field passing through the sl ave nedium_ Howevey. our further investigation
has revei?‘@dgcp]??ﬁs#et%é“i‘qréﬁg%r_lﬁﬁﬁﬁet]isc ?%A%?Jgf}r%e‘i _hénaﬁs & ot"trBhsfer of
the slavgirgedi ugrcanpat Regeact idf e‘%h@q@!fﬂ%ﬂuc{ﬁ{ b rifPassheet
itself of a magnetic material. SUMVARY THE | NVENTI'ON Enbodi nents of the
present cpmerhioRtsesk ¢OH mpoowitde aflukepr oved tiest edgéaf crgmtison carri er

for magnetic transfer which allpws to obtain a hjgh-qualit si.gnal froma
sl ave nedPaffs | n¥gccBf8ancee WA 4R as potsof t%lg%?[%'su@ﬁt (y#n i on,

there ispppAYtdedracTmstar thaf QrERtLENL EAREERE to deteriorate.

Further, we have determined that, in order to
suppress turbulence of the magnetié field in the area of
transfer of the slave medium, it is necessary to use a
magnetic base sheet to rectify the transfer magnetic
field passing through the slave medium.

However our further investigation has revealed that
the transfer magnetic field in the area of transfer of
the slave medium cannot be rectified by simply forming

the base sheet itself of a magnetic material.

SUMMARY OF THE INVENTION

Embodiments of the present invention seek to
provide an improved master information carrier for
mégnetic transfer which allows to obtain a high-quality
signal from a slave medium.

In accordance with an aspect of the present
invention, there is provided a master information carrier
for magnetic transfer comprising é base sheet which is

formed of a magnetic material




for magnetic transfer conprising a base sheet which is forned of a
magnetic materi'al 20 February 2006 and is provided with 20Fdbruaegl0Q6rity
pattern representing information to be transferred to an in-plane magnetic
recording medium and a nmagnetic |layer fornmed along the irregularity
- pattern, wherein the inprovenent conprises that 5 the saturation _
.~ magneti zation Ms of the base sheet and the saturation nmagnetization Mm of
“the magnetic layer satisfy. the followi ng condition,. |I.O<MV M5<100. I t
i's pref e@dishREovhdedamiiitdy iadh Bt FatibrPRELer® TePTEReNBARE sheet
and the saturation magnetization NMnof the magnetic | ayer satisfy the
fol | owi ngpeorertiom, t. be - tRANREeRred. Yhe dMgASrPLaREt FRENSELF t he base
sheet is a material which draws the magnetic f |uxes into the base sheet
when appiécerdimy wredismpagist i ¢ Madanetasd hyeeofprnsd aknwer Erements of
one kind or elements of a plurality of kinds. So long as the above
condi ti orrtegwkarity @ titearot ghereha b dmuhcstenait €oRPaigesoRb#agnetic
elenents. It is further preferred that the nagnetic | ayer be of a
body5cent er ed tdubise tamafcan ayded) zat i9nf Meeofefiher baseudhect sahdict ure (f
cc) or an. anorphous structure in crystallographic structure. It is
pr ef er r ethe saturkas ioat veanebhzabantiy ofi bhe Mawfet ihd aygsesabbefy be not
smal l er than 5.65T (4500 Gauss).
: the following condition,
1.0<Mm/Ms<100.
' (jﬁ ' It is preferred that the saturation magnetization Ms of’
‘10 the base sheet and the saturation magnetization Mm of the
magnetic layer satisfy the following condition,

2.0=Mm/Ms<3.9.
The magnetic material for the base sheet is a material
which draws the magnetic fluxes into the base sheet when applied
15 with a magnetic field and may comprise either elements of one
kind or elements of a pluralify of kinds. So lrong as the above
condition is satisfied in total, the base sheet may contain
: (j} non-magnetic elements.
It is further preferred that the magnetic layer be of
20 a body—centered cﬁbic structure (bcc) or a face-centered cubic
structure (fcc) or an amorphous structure in crystallographic
structure.
It is preferred that the saturation magnetizdtion Ms of
the base sheet be not smaller than 5.65T (4500 Gauss).
25 Further, it is preferred that the height of the

protruding portion of the irregularity pattern on the base




25 Further, it is preferred that the height of the protruding portion of
the irregularity pattern on the base 5 20 February 2006 20{sbtuape20t

- smaller than 40nm .Further it is preferred that the height hl of the
“protruding portion of the irregularity pattern on the base sheet and the
hei ght h2 of the magnetic |ayer on the upper 5 surface of the protruding
portion of the irregularity pattern. fromthe surface of magnetic |ayer on
the recessed portion of _the irregularity pattern (i.e., the distance

pet ween $REURRMOLFPALECHT CRHR PYBRrudi ng portion of the irregularity
pattern and the surface of magnetic | ayer on the recessed portion of 10

‘the irregul ariByrihan eth) 1satPEelerred s ShrEWitHE  berarh &loh/ Rigo. 8.

More preferably, 0.3:-5-:h2/h1-:50.6. The information to be transferred to
t he magrifeterudineRRFyloRdPintne, 1rsponharahrePatiteEr o stBRabPases |
Accor di ?ﬁgpto our investigation, when 100 ¢ M M5, concentration of magnetic
fluxes ofhaele auyeshofher@hbrblrobi Bhe Bodrebhs tanAbtoBetBat VEPEEt ori |y
prevented whereas when M Ms 1, the magnetic fluxes drawn in the master

i nf oPmatswifacaofi she darmotuding addrise of i the daregida ritonPehkepRot rudi ng
20 portions thereof. Wen 1.0<Mn Ms<100, concentration of magnetic fluxes
on the dips tdfe shsfpret e fidiagnglore ileyercan the regasssherstiPy pfevent ed

and at the same tine, the magnetic fluxes can be sufficiently rel eased
from.t heths drregpagrity pattern (i.e., the distance between the upper

surface of the protruding portion.of the irregularity pattern
C and the surface of ﬁlagnetic layer on the recéssed portion of
10 the irregularity pattern) satisfy the following formula
0.25h2/h1=0.8.
More preferably, 0.3=h2/h1=0.6.

The information to be transferred to the magnetic
recording medium is, for instance, a servo signal.

15 According to our investigation,r when 100 = Mm/Ms,
concentration of magnetic fluxes on the edges of the protruding
portions cannot be satisfactorily prevented whereas when Mm/Ms

C) _ =1, the magﬁétic fluxes drawn in the master information
carrier cannot be satisfactorily released from the protruding

20 portions thereofl. When 1.0<Mm/Ms<100, concentration of
magnetic fluxes on the édges of the protruding portions can
be satisfactorily prevented and at the same time, the .magn‘etic
fluxes can be sufficiently released from the protruding
.porf.ions, whereby ﬁniformity of the magnetic field in the area

25 of transfer can be 'implroved and the transfer magnetic field

in the slave medium can be rectified.




portions, whereby uniformty of the magnetic field in the area 25 of
transfer can be'inproved and the transfer magnetic fi el d20 Febredsg280Gve
medi um can be rectified. 6 20 February 2006 Thus, when |.O0<Mn Ms<100, the
transfer magnetic field in the slave nmediumcan be rectified and the
magneti zation pattern representing the information carried by the naster
information.carrier is optimally transferred fromthe master 5 information

carrier to a slave nediu whereby a high-quality reproduction signal can
‘be obtained frEmE hevapayh: GRATA<LQ0 MR HEANSTAT MAHE FHat iiEn 2. 0 o
M Ms<3. 9, the transfer magnetic field in the slave nmedium can be better
rectifi etinabldeashryrenediddan cply Br 68G6LfdRs PGRatREaRaPE e 2858 ed from
~the slave nmedium The aforesaid effect obtained by formng the base sheet

a magnetpatb@ter raprafgnséngi fhet hefoanataPnofakaaRet PYathen™SLEL t he base
sheet and the saturation magnetization Mnof the nmagnetic layer to satisfy
t he af or bsfipumabienneh ¥t ber iis oprarRaBretranafansed, CYom stheniieshe€arri er
where the mnimuminter-pattern distance (the mni mum distance_  between the
pr ot fudi hgfporatbns)cafrite tior pephi et megipay  ehareby yddghanyad ithan
- 3.00nm - Further, it has been found that a higher-quality 20 reproduction
si gnal crepbedebtapnedignain chr beavktabuedni wpenthe heladgneedtufayer is of
a body-centered cubic structure or a face-centered cubic structure or an
anpr phous strud¢ unevenfurther found that when 2.0=Mm/Ms<3.9, the

transfer magnetic field in the slave medium can. be better
C - rectified and a higher-quality reproduction signal can be
10 obtained from the slave medium.

The aforesaid effect obtained by forming the base sheet
of a magnetic material and setting the saturat‘ion'
magnétization Ms of the base sheet and the saturation
magnetization Mmof the magnetic layer to satisfy the aforesaid

15 condition is remarkable in a master information carrier wheré
the minimum inter-pattern distance (the minimum diétance'
between the protruding porti.ons) of the irregularity pattern

(‘-, is not larger than 300nm.

i

Further, it has been found that a higher-quality

2d | reproduction signal can be obtained from the slave medium when
the magnetic layer is of a body-centered cubic structure or

a face—centeredl cubic structure or an amorphous structure in
crystallographic structulre. In the master information
carrier employed in the magnetic transfer disclosed in

25 Japanese Unexamined Patentr Pﬁblication No. 10(1998)-40544,

the magnetic layer is of Co. Co is normally of a hexagonal




“crystal l ographic structure. In the master information carrier enployed in
the magnetic transfer disclosed in 25 Japanese Unexani né) Hebtusmy 2006 '
Publ i cati on No. 10(1998)-40544, the magnetic layer is of.Co. Co is
normal |y of a hexagonal 7 20 February 2006 C cl ose-packed structure having
an axis of easy mmgnetization in a direction of c-axis. In the magnetic
transfer, it is necessary to apply a nagnetic field in a circunferenti al
direction when the slave nmediumis an in-plane recording-nedium5 and in a
per pendi @98 - Ri ¢eed | DRrYHER S HR s ng @mediiimats easypBprgeadi 8aFafr ecor di ng
medium |n the case where the magnetic |ayer of the master information
carri er i 4 odhedcbionaofmgnexié. neter e magnagiantaznsfer, ehs¥s
magneti zation, the intensity of the transferred signal is weakened, which
can 10 rremgssanyredueprdy of magpetiof fikddsiignat ehdrwnfargntiaédge of
the signal unless the axis of easy magnetization is controlled to be
par al | eldirecticonivheot thm sébvemediumiban inmgienporddaidinamgedippose this
is because it is difficult for magnetization to be orientated in the
“di rebt i amofin ke pergerahishda migasctdon eiherdddet o laveanegan@nisod t he
direction of the transfer magnetic field and the direction of the-axis of
easy magrstpaalionlals meeoadimyernadioh. a bbaytbenteasel vheriec theucture or
a face-centered cubic structure or an anorphous structure in
cryst al megreghic lstyeuc bfirehdamsierainfozeadti opasyr nigmeits farmed, ofhen t he
magnetic | ayer is formed of - '

a magnetic material having an axis of easy magnetization, the

(} intensity of the transferred signal is weakened, which can
10 result in reduction of output of the signal and/or a dull edge
of the signal unless the axis of casy magnetization is
controlled to be parallel to the directioh of the transfer
‘magnetic field. We suppose this is because it is difficult
for magnetization to be orientated in the direction of the
15 transfer magnetic field due to misalignment of the direction
of the transfer ﬁégnetic field and the direction.of the axis
of easy magnetization. Since a material of a body—centéred
(\. cubic structufe or a face-centered cubic structure or an
amorphous structure in crystallographic structure has no axis
20 of easy magnetization, when the magnetic layer is formed of
such a material, all the magnetization is more apt to be
orientated in the direction of the transfer magnetic field as
compared with when the magnetic layer is formed of a hexagonal
close-packed structure having an uncontrolled axis of easy
25 - magnetization. Since it is difficult to control the axis of

easy magnetization, the manufacturing process can be




-such a material, all the nmagnetization is nore apt to be orientated in the
direction of the transfer magnetic field as conpared w20 Fehheuy 2006
magnetic |ayer is formed of a hexagonal cl ose-packed structure having an
uncontrol l ed axis of easy 25 nmagnetization. Since it is difficult to
control the axis of easy nmagnetization, the manufacturing process can be 8
20 February 2006 sinplified and the productive efficiency can be inproved
by wusing a magnetic material having no axis of easy magnetization. CQur
further $iRbifyediand Hde RaRd dd ¥ AL fivd e e CaRe PEhEMRIOBE ¥
protruding portion of the irreqularity pattern 5 on the base sheet and the
hei ght hesBig @reagRRred Iﬂétﬁéyéa kv img ngppdrs g cagcemagnekéZzpkoPRudi ng
portion of the irregularity pattern fromthe surface of magnetic |ayer on
the recessed Quortfwrtlsir thiwestbgatben thaparewaledtthay whenchbenl co. 8,
the transfer magnetic field rectifying effect is further 10 enhanced. That
is, we Havegiobddof hhe mtrsirudieng aoirdipp/Hl the d re@dlar ttiaRabternt he

di stance by which the transfer magnetic field generated b{ magneti c fl uxes
r el e&sedotf ride duigpss sbeethandptber haf gyt pot talokdespreags iicn lpgepeddi cul ar to
the surface of the magnetic layer is shortened and accordingly, magnetic
15 fl uxesheappetr suffaed eftihe pepstndisgipwd ittreo £ theel negddubanstyt he

di stance between the master information carrier and the slave nmedium
_becones patrigern wheore ashevsur faee raf i vagi¢hic i layemreerthtaneoessed he
transfer magnetic field leaks in the nmagnetic |ayer between the protruding
portionsp@ftide of the irregularity pattern satisfy 0.25h2/h1=0.8,

( the transfer magnetic field rectifying effect is further
10 enhanced. That is, we have found t.hat. when the ratioc h2/hl
is smaller than 0.2, the distance by which the transfer magnetic

field generated by magnetic fluxes released from edges of the
preotruding portions spl.;eads in perpendicular to the surface

of lthe magnetic layer is shortened and accordingly, ma'gneti'c

15 fluxes cannot sufficiently penetrate into the slave medium as
the distance between the master information carrier and the

slave medium becomes large, whereas when the ratio h2/hl is

larger than 0;8, the transfer magnetic field leaks in the

magnetic layer between the protruding portions of the
20 irregularity paftern on the surface of the master information
carrier, which results in fear that the transfer magnetic field
can be insufficient in intensity.
BRIEF DECRIPTION OF THE DRAWINGS
Figure 1 is 'a- plan view partly in a'pers'pective view
25 showing a master information carrier for magnetic transfer in

accordance with a first embodiment of the present invention,




20 irregularity pattern on the surface of the master information' carrier,
which results in fear that the transfer magnetic field 2Xdfebomry 2@06ffi ci ent
inintensity. BRI EF DECRI PTION OF THE DRAWNGS Figure 1 is aplan view
partly in a perspective view 25 showng a naster information carrier for
magnetic transfer in accordance with a first enbodi mrent of the present

i nvention, 20 February 2006 Figure 2 is a fragnentary cross-sectional view
taken along line Il1-11 in Figure 1, Figure 3 is an expl oded perspective
view of a dodblanns dedis|avEragieRba BRdCEOPAT POt ionat eYiemfbrke®ion 5
carriers carrying thereon master information to be transferred to opposite
si des ofaldng sline edi Lmn dniddwigyukes 4A to 4C are views for illustrating °
basic steps of nagnetic transfer to an in-plane-nagnetic nedium
'DESCRI PTI ON OF iTiE cPREFERRED2EVBERPVENTS 1peAsprastévei nvoevwat®dn &arrier

for preformatting in-plane magnetic recording nedia in accordance with an
enbodi mehiulofe-sitedralson nedeam iaord w IPabe desmasbed infermatiomwigure 1,
a nmaster information carrier 3 in accordance with the enbodi nent of the
presént g¢awednonarsylingehemiarnaatshdps orhadridorcbopel teansfdeeed sheet 3a
having a plurality of protruding portions 31 arranged in a pattern forned
on t he sur forgsesitteersigies (&S tthea esldve miwsdibase agttket 3a has an irregularity
pattern) and a nmagnetic |layer 3b .forned along the irregularity pattern. ‘
The i rregul ar iRtiguzaist Anto elft esent sevaf Hondtlilostiratiag basic steps '

of magnetic transfer to an in-plane. magnetic medium.
C DESCRIPTION OF THE PREFERRED EMBODIMENTS
10 A master information carrie.r for preformatting in-plane 7
magnetic recording media in accordance with an embodiment of
the present invention will be described first. 1In Figure 1,
a master information carrier 3 in accordance with the
 embodiment of the present invention is like a disc in shape
15 and comprises a base sheet 3a having a plurality of protruding
portions 31 arranged in a pattern formed on the surface thereof
(as a result the base sheet 73a has an irregularity pattern)

and a magnetic 'layer 3b formed along the irregularity pattern.

D
R

The irregularity pattern represents information to be
| 20 transferred to a magnetic‘recording media (slave media) and

Figure 1 shows a part of the irregularity pattern. In Figure

1, arrow X indicates the circumferential direction (the

direction of track) and arrow Y indicates therradial direétion.

For example, the information to be transferred may be a servo
25 signal.

Figure 2 is a fragmentary cross—-sectional view of a part

10




20 transferred to a magnetic recording nedia (slave nedia) and" Figure 1
shows a part of the irregularity pattern. In Figure 1, 2rFawuaxy20@i cates
the circunferential direction (the direction of track) and arrow Y
indicates the radial direction. Tor exanple, the information to be
transferred may be a servo 25 signal. Figure 2 is a fragnentary
cross-sectional view of a part 10 20 February 2006 of the naster
informatiqgn carrier 3 including a protruding . partion 31 on the base sheet

- 3a taken©4| 5R§ RapitRE JFRESIMETLIN, GEFE I Sctifert udidld & RILtIHiN¥e mast er
information carrier 3 of this enbodinent, @5 the base sheet 3a_and the
magnet i cPP&Y&PBb34r enf bradhr s shegkrial2keR RAME & He " tETRL6H

magneti zation Ms of the base sheet 3a and the saturation nagnetization Mn
of the n&gnEhpcdirggbiospXsafi §Fpckhe condition 1.0<M ft/ Ms<100 (preferably
2. 0 <Mn Ms<3.9) The saturation nagnetization Ms of the base 10 sheet is
not smaller théh Bo8Rstes. DoLfeaNss}onmprehans ef thie cphodiswady 3a of
the master information carrier 3 may be fornmed of nickel or nickel alloy.
The rfagnEbcblesgersisiptrala aBAf Shgedasmertdc jkvente, abe| §9smedcRfas FeCo,
FeCoNi and FeN which contain at |east one of Fe, Co, Ni, Gd, Dy, Sm and
15 Nd angabetialssudrkhekithe satunatton magerkicatics) Ms o €he bagRl ogr aphi c
structure., So long as exhibiting ferromagnetismin total, the magnetic

| ayer 3bshegtcémtand thst saturagien sagneferesion MWerefhddieermagnetifent s. .

Though may -
layer 3b satisfy the condition 1.0<Mm/Ms<100 (preferably 2.0

(\ =Mm/Ms<3.9). The saturation magnetization Ms of the base
10 Vsheet is not smaller. than 5.65T (4500 Gauss). For example,
the base sheet 3a of the master information carrier 3 may be

formed of nickel or nickel alloy. The magnetic layer- 3b may

be formed of ,for instance, alloys such as FeCo, FeCoNi and

FeNi which contain at least one of Fe, Co, Ni, Gd, Dy, Sm, and

15 Nd and are of a face-centered cubic sti‘ucture (fcc) 1in

" crystallographic structure. SC_) long as exhibiting
ferromagnetism in total, the magnetic layer 3b may contain

(\ other magz_let'id elements or non-magnetic éiements .. Though may
be s‘oft, semi-hard or hard, it is preferred in view of obtaining

20 Dbetter magnetic fransfer that the magnetic layer 3b be a soft
or semi-hard magnetic layer relatively small in coercive force.
Fﬁrther, as described above, it is further preferred that the
magnetic layer 3b be of a body-centered cubic structure (béc)

.or a face-centered cubic structure (fcc) or an amorphous

25 structure in crystallographic structure. In the case where

the magnetic layer 3b is of a body-centered cubic structure
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be soft, sem -hard or hard, it is p referred in view of obtaining 2.0
better magnetic transfer that the magnetic |ayer 3b be a2GBfhrvary208&ni - hard
magnetic |ayer relatively small in coercive force. Further, as described
above, it is further preferred that the nagnetic |ayer 3b be of a
body-centered cubic structure (bcc) or a face-centered cubic structure
(fcc) or an anorphous 25 structure in crystallographic structure. In the
case where the nmagnetic layer  3b is of a body-centered cubic structure 11
20 Febr ufP§cog6a (3ee) contE s e RS togs fesrudtutePeeteayed it is
preferred that the magnetic |ayer 3b has a particle structure where fine
parti cl eghak eher paagesist lagpaoh had 228X tdade eFEurEuRstWhek®&Rnet han
100nmin size as observed fromthe surface of the magnetic |ayer. The

hei ght hbavtiches pretaterpgepeoitt fandan apt aaeh ParEbghe ds RYt gaELEEN on the
base sheet 3a is not smaller than 40nm The height hi_ of the protruding
portion ofian HOOnny Laguil 28 Eeyohstreed fapm ke agfeeef HhrimggaekéFght h2 of

10 the magnetic |layer on the upper surface of the protruding portion of

the irrebayerity pattern fromthe surface of nmgnetic |ayer on the
recessed portion of the irregularity pattern satisfy the fornula, 0.1
ch2/hl ¢ 0.8. Wm ehpightr ddl yof Ghechatusligng 1Bovheant R nmafnéhec base
sheet 3a and the magnetic |ayer 3b satisfy the aforesaid conditions, the
magnet i zatfegupatiey patepresenthagoase sheedr fat temetarsmadd &3y thAB nast er
ntor mtéggm. The height hl of the protruding portion of the
O irregularity pattern on the base sheet and the height h2 of
10 the magnetic layer on the upper surfacé of the protruding
portion of the irregularity pattern from the surface of
magnetic layer on the recessed portion of the irregularity
pattern satisfy the formula, 0.1=h2/h1=Z0.8. More preferébly,
0.3=h2/h1=0.6.
15 When the magnetic base sheet 3a and the magnétic layer
3b satisfy the aforesaid conditions, the magnetization pattern
representing the information carried by the master information
(\g ' carrier is optimally transferred from the master information’
carrier to a slave médium 2, whereby a high-quality
20 reproduction sigrial cén be obtained from the slave medium 2.
Further, when the height hl of the protruding portion 31 of
the irregularity pattern on the base sheet 3a is not smailler
than 40nm ahd the height hl of the protruding portion of the
irregularity pattern on the base sheet and the height h2 of

25 the magnetic layer on the upper surface of the protruding

portion of the irregularity pattern from the surface of

12




carrier is optimally transferred fromthe master information' carrier to a
sl ave medium 2, whereby a high-quality 20 reproduction s2Febiruasya0ffe

obtai ned fromthe slave nedium 2. Further, when the height hl of the
protruding portion 31 of the irregularity pattern on the base sheet 3a is
not smaller than 40nm and the height hl of the protruding portion of the
.irregularity pattern on the base sheet and the height h2 of .25 the
magnetic | ayer on the upper surface of the protruding portion of the

i rregul anpgpepact daretr om the Feceseedoporiign pdhihddr \irregslagdsetic | ayer
on the recessed portion of the irregularity. pattern satisfy the formla,
0. 2h2/ h1paBtermhsoapt sy el fomwekese Oof2 $ha/hagnetd c dhanmsian ahd edges of
the protruding portions 31 can be inproved and a higher-quality

r epr oductédease spftdle magnpsichbfiiiked 4t dinct Adgskavt thelipnetzudwhen t he

hei ght hl of the protruding portion 31 of the irregularity pattern is
“smal | er phahidosaml cherke ampesved fagar atthigghamgnet 1 et ¥ Ingpeoductnnot be
sufficiently released from the protruding portions 31 to the space

(towdr d s$hensl aaan bedbdmidedafidon tdef §1avenediom hit e@ianythd hehghtr ansf er
magnetic field cannot be ensured. The base sheet 3a having thereon the

i rregul anltyf peli¢ eprotordine peattiom Jf dthéeher domedivig divt pehsed8h can be
~forned, for instance, by the use of stanper nethod or photolithography. A
phot o- r e3§ stmd Idyeer thanf40mm, ftdrvarsdaonsassndetlr ghatsradnetiiat €1¢sesa snoot h
crystal plate), for instance, by spin coating, and a |aser beam (or an
el ect r oncheaoy bwdulfftied eaddor diedgased from the protruding portions

C 31 to the s-pac'e (toward the slave medium 2) and a sufficient
lO intensity of the transfer magnetic field cannot be ensured.
The base sheet 3a having thereon the irregularity pattern

or the pattern of the protruding portions 31 can be formed,

for instance, by the use of stamper method or photolithography.

A photo-resist layer is first formed on a smboth glass

15 plate (orasmoothcrystal plate), for Iinstancre, by spin coating,
and a laser beam (or an electron beam) modulated according to -

the servo signal is projected onto the photo-resist laye'r while

O rotating the glass plate so that the phofd—resist layer is
éxpos’ed to the laser beam in a predetermined pattern, e.g.,

20 apattern of servo signals each extending in a radial direction

in one track. Thereafter the photo-resist layer is developed

and the part exposed to: the laser beam is removed with an
Adrregularity pat‘tern of the photo-resist left on the glass

plate, thereby obtaining a matrix. Then the surface of the

25 matrix is plated (electroforming), and a Ni base sheet having

a positive irregularity pattern is formed on the matrix and

13
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the servo signal is projected onto the photo-resist |ayer while rotating
the glass plate so that the photo-resist |layer is exposztFehouarfid0daser
beamin a predeterm ned pattern, e.g., 20 a pattern of servo signals each
extending in a radial direction in one track. Thereafter the photo-resist

| ayer is developed and the part exposed to the |laser beamis renoved with
an - irregularity pattern of the photo-resist left on the .glass plate,
thereby.obtaining a matrix. Then the surface of the 25 matrix is_plated

(el ectroteparagyd Bramathe Maddd sshe@hendiibnre #heedi apvet ik &gM Beity
pattern is forned on the matrix and-13 20 February 2006 separated fromthe -
matri x. UpedNis basestasdnformation gayrber qiksayaee asassesrd maBELKat i on
carrier or may be used as a master information carrier after formng a
magnet i cihBgenabhdna capgndegctd eed afermihong magnetisgulairdn yapdt ern as
desired. 5 O herwise, the matrix may be plated to forma second matrix and
t he secopdohettixenhyybe planedthe forauw duidy geddermasi dgsaradgati ve :
irregularity pattern. Further, a third matrix may be fornmed by plating the
secolsd matri x @rheressé hgtha maktrbxsyaypbagalatedt he farmageseofonile second
matri x and 10 curing the resin syrup,and a base sheet having a positive
i-rregul anatyipatrtdethenpgchrd artres byy fleapilagetiteo thoirmda etss gheeEurt her, a
matri x Wi t hout photo-resist layer may be first forned by etching the glass
pl ate wildviamgi ar eggladriivey jpatageriaridfly tieet tghot o- riesitther,0 amkkihdl es in
the glass plate, and a 15 base sheet may be fornmed by the use of the
_matrix imathex mendre formed by plating the second matrix or pressing

C a resin syrup against' the surface of the second matrix and

10 curing the resin syrup, and a base sheet having a positive

irregularity patternmay be formed by plating the third matrix.

Further, amatrix without photo-resist laye_r may be first

formed by etching 1’:'he glass plate with an irregularity pattern

of the photo-resist to make holes in the glass plate, and a

15 base sheet may be formed by the use of the matrix in the manner
described above.

The base sheet may be formed of metal such as Ni or Ni

O alloy as describéd above, and as the aforesaid plating for

| forming the metal base éheet, various metal film forming

20 techniques such as electroless plating, ‘electroforming,

| .sp'uttering, or ion plating can be employed. The height of the

pfotruding portion (the &epth of the irregularity.pattern)

shoula be not smaller than '40nm_, preferably in the range of

50 to 800nm and Imoré preferably 80 to 600nm. When the

25 irregularity pattern represents a sample servo signal, each

of the protruding portions is rectangle having longer sides
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descri bed above. The base sheet may be formed of nmetal such as N or N
all oy as described above, and.as the aforesaid plating f20Feliromyi2606t he
met al base sheet, various netal filmform ng 20. techniques such as
el ectroless plating, electroformng, sputtering, or ion plating can be
enpl oyed. The height of the protruding portion (the depth of the :
irregularity pattern) should be not smaller than 40nm preferably in the
range of, .50 tp 800nm and nor eferably 80 to 60Qnm_Wen the 25
Troqul athig Ty Asaainet EhERPe YeFeh O RIOT LT RLde dhe
protrudi ng gortions. is,r ctgngle having Ionggr sides 14 20 February 2006
in a radtal CHFFRREEERNbEAL hedbhEEt $RRet Pand tERor F8MSsi deslitiig the '
circunferential direction of the same. Wien the irregularity pattern
represen%%r%g%%%ﬁ+%ys@§§&PEﬂgﬁﬁﬂ{eﬁﬁﬂﬁﬁ'%ﬁquR;ﬁNQﬂFWQdPﬁgnﬁért?éﬁg is
preferably 0.05 to 20tzmin the |onger sides and 0.05 to 5gm in the
shorter &f dée PrREedmet Perkages B REsfveakly fedSokot Heuiny dagthearity
pattern by various vacuum filmform ng techniques or plating nethods such
as vacuukerEeossiden, arpu? @7 i Ry, o kan 131 dhieng arhéideige of nmagnetic
~-material. The thickness of the magnetic 10 layer 3h_ is preferably 50 to
~ 500nm and nor &hE ERSNEFLE 8BYEB 3@6@%@%@6@@@rqrbéaleabévégu%ﬁél{mi o h2/hl
of the height hl of the protruding portion of the irregularity pattern on
t he . baseastRiE o VEKd NS JREVHD %ﬁlmrﬁ??ﬁ&ﬂ&an9hQﬁﬁﬁesoﬁrtR%aéb%@r

- surface of the protruding portion of the irregularity pattern
methods such as vacuum deposition, sputtering, ion plating and

C\e " the like of magnetic material. The thickness of the magnetic
10 layer 3b is preferably 50 to 500nm and more preferably 80 to
300nm. As described above, the ratio h2/hl of the height hl
of the prb_truding portion of the irregularity pattern on the
base sheet to the height hZ of the magnetic layer on the upper
surface of the protruding porticn of the irregularity pattern
15 from the surface of magnetic layer on the recessed portion of
the irregularity pattern is not smaller than 0.2 and not larger

than 0.8.
: (“; ‘ It is preferred that a protective film 5 to 30nm thick
such as of DLC '(diamond-—like carbon) be provided on the magnetic
| - 20 layer on the uppér 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 magnetic layer 3b and the protective film td enhance the
_confact therebetween. The 1lubricant layer suppresses-
25 deterioration in durability of the magnetic layer 3b, such as

scores due to friction, which occurs in correcting for a shift
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15 fromthe surface of magnetic |ayer on the recessed portion of the
irregularity pattern is not smaller than 0. 2 and not | a2@E¢bruary2A0® B. |t
is preferred that a protective film5 to 30nmthick such as of DLC

(di anond- | i ke carbon) be provided on the magnetic .20 |ayer on the upper
surface of the protruding portion 31. A lubricant |ayer may be further
provided on the protective film A reinforcenent |ayer such as a Si |ayer
may be provided between the magnetic |ayer 3b _and the protective filmto

enhance 9RRerabadathen Hdte < FRaerupPi taRrughtr ddshresdastos.
deterioration in durability of the magnetic |ayer 3b, such as scores due

to frictVehh WhechlaveurediWneorrecting for a shift 15 20 February 2006
generated. when the magnetic_layer 3b is brought into contact wth the
sl ave nedi um Nagprtie tranpsfer of inffomahiioh tio aa sdpxeempedinPly t he
use of a master information carrier in accordance with the present
i nvent i ophgiuge pé ERstcredninenat4bd| GAEL I SRoMPCordangRMe th thepair of
master information carriers 3 and 4 are disposed on opposite sides of a
sl avé nepFedent. invnentien ewidkliken epayilbed, ferehhedew, a hard disc or a
~flexible disc. In.this particular enbodinent, the slave 10 medium?2 is
provi ded with & pahewnf 1pn-Eylonre rdcofdicad inefnaragter agaformptang 2c
formed on | ower and upper sides of a disc-shaped base sheet 2a though the
sl ave me@hUpd or b 4msyidepoapeon eprepgte sidesral ag lageredhudne si de
t her eof .
2. The slave medium 2 may be, for instance, a hard disc or
'(f}. a flexible disc. In this particular embodiment, the slave
10 medium 2 is provided with a pair of in-plane recoxding rﬁagnetic
layers 2b and 2¢ formed on lower and upper sides of a disc-shaped
base sheet 2a though the slave medium 2 may be prdvided with
a single recording laver on one side thereof.
Both the master information carriers 3 and 4 are in
15 accordance with the present invention and respectively
provided with irregularity patterns formed on the upper side
of a base sheet 3a and the lower side of a base sheet 4a
(“} representing pieces of information to be transferred to the
lower and upper magnetic layeré 2b and 2c¢c. Magnetic layers
20 ' 3b and 4b are formed along the irreqularity patterns.
Thoﬁgh, in Fidure 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
magnetic layer 3b of the lower master information carrier 3

25 is brought into contact with or to the vicinity of the lower

magnetic layer 2b of the slave medium 2 and the magnetic. layer
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Both the master information carriers 3 and 4 are in 15 accordance w th the
present invention and respectively provided wth irreguk@Fedryarg200&r ns
formed on the upper side of a base sheet 3a and the | ower side of a base
sheet 4a representing pieces of information to be transferred to the |ower
and upper magnetic layers 2b and 2c. Magnetic layers 20 3b and 4b are
'forned along the irregularity patterns. Though, in Figure 3, the | ower and

e bR Pl Ttk MR BB R

from eac nagnetrc

| ayer 3b _of | @ te nfornat rrier 25 1s hbr.ought into

contact SPRHOGE reﬁ?har 23 tﬁlt v TBREY T Sher e Hipnke edhg Ul S8 YsE | he

sl ave nedi_um_2 éhe na etrc | ayer 16 20 February 2006 4b of the upper

mast er i FoPﬁa 3V?|@ &u i & brought into contact with or to

the.vicinity o% the er netrc of the s ve medi um,2. Basic
 steps of magnet ?ﬁl?rsd F:'nc S%&Héfﬁﬁg‘h%ﬁi“clnep mgﬁﬁtﬁﬁdr um wi | |

be descri bed th referen ur es her ei nhel Qw. 1 n Fi gures
aA 1@ ACTSBRFG PRI Wﬁa]g PR bt P Gt ertod e Bloprac
magnetic field Hn is first a to the sl ave nedi n.one drrectron
oyl b 4po ety bR et RS LpRoRelr 5 SRR (o dan P b 1OREE: he.
magnetic | a 2b_of the slave nedium2 in an initial DCrragnetrzatron as -
shown - |nmﬁ968£e°4iﬁyethgpe5FtEPOWPhe magnetic | ayer 3b of the |lower naster

An initial DC magnetic field Hin is first applied to the
(? slavemedium 2 in one direction parallel to the recording tracks
iO thereof, thereby magnetizing the magnetic layer 2b of the slave
medium 2 in an initial DC magnetization as shown in Figure 4A.
Thereafterﬂ the magnetic lagrer 3b of the lower master
informat:ion carrier 3 is brought into close contact with the
lower magnetic layer 2b of the slave medium 2. In this state,
15 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
(K) master information carrier 3 to the lower magnetic layer 2b
~ of the slave medium 2. As a result, information represented
20 by the irregulari'ty 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 irregularity
patterns on a pair of master information carriers'may be
transferred to opposite sides of the slave medium either

25 simultaneously or in sequence.

In the case where the irregularity pattern representing
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~information carrier 3 is brought into close contact with the [ ower
magnetic |layer 2b of the slave medium2. In this state, AGFebroarz2e0@r
magnetic field Hdu is applied in the direction opposite to the initial DC
magnetic field Hn as shown in Figure 4B, thereby magnetically
transferring the information on the nmaster information carrier 3 to the

| ower nmagnetic |ayer 2b of the slave nedium2. As a result, information

'representeg 20 by the irre uLarit¥H£€t1ern on the naster information
carrier 18 ?%m?Féﬂng?r%% PR TR L frey T3t VS BA LSS TES TENERASI n-
Figure 4C. The information represented by the irregularity atterns on' a.
pair of Fastdf iPPdrHhYF oRatAREFerS ey BB RiGMESerf2d too ‘b(g»poﬁl?e si des

of the s|ave nmediumeither .25 simultaneously or in sequence. In the case
wher e t hEREPFBYBLIAR| CRpdS PRIRRPE €3 EAY | FFalrfopredbitiear YR@0662aVAf or mati on
to be transferred is a negative pattern reverse to theéfositive.pattern
shown i MEEHER sPEASELAENG hbe dimastienorfdde bairhghdlG Basngticansf erred
to the slave medium 2 by reversing the directions of the initial DC
magnet i cfiel@Hdnang fhe transfehspgnekignicisld Bdel d Thauintpasikiedsiti es of
the initial DC magnetic field and the transfer magnetic field are
det er m reEtBR AThid bk PS msfgnaid cbee i vard bhesrgnsthe maanatigddpdd 2, the
specific permeabilities of. the master information carrier and the slave
medi um &Rl deffermined oo therapsds efrideeratiargigeséoseerfadhe adadedi sc or - a
hi gh-density flexible disc is generally enployed as the slave
medium 2, the specific permeabilities of the master
CT} information carrier and the slave medium, and the like.
10 A magnetic recording disc such as a hard disc or a
high-density flexible disc is generally employed as the slave
medium 2. The magnetic layer thereof is generally of a coated
magnetic material or a metal film.
In the case of a slave medium having a magnetic layer
15 of metal film, the material of the magnetic layer may be Co,
Co alloy (e.g., CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB,
CoNi, Co/Pd), Fe or Fe alloy (e.qg., FeCo, FePt, FeCoNi}). It
(”} is preferred in view of obtaining clearer magnetic transfer
that the magnetic layer be higher in magnetic flux density and
20 has a magnetic anisotropy conforming to the recording system
of the slave medium, that is, in the case of an in-plane
recording medium, in a direction parallel to the direction of
tracks and in the case of a perpendicular recording medium,
in a direction perpendicular to the direction of tracks. The

25 "magnetic layer of the slave medium is preferably not smaller’

“than 10nm and not larger than 500nm in thickness, and more
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medi um 2. The magnetic |ayer thereof is generally of a coated magnetic
material or a netal film In the case of a slave nedi um Xabebrgarg 268@net i c
| ayer 15 of netal film the material of the nagnetic |layer nay be Co, Co
alloy (e.g., CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB, CoNi, Co/Pd), Fe
or Fe alloy (e.g., FeCo, FePt, FeCoNi). It f is. preferred in view of
obtai ning clearer magnetic transfer that the magnetic |ayer be higher in
magnetic flux density and_._ 20 has a netjc anjsotropy conformng to the
Tooor i e teranT Bt Snaer hBaraabntrand rot L AReRe thedh 290 L. ol ane
recording medium in a direction parallel to the direction of tracks and
in the cBRECHReSSperpendicul ar recording medium in a direction

perpendi cular to the direction of tracks. The 25 nmagnetic |ayer of the

sl ave medi um ikt priefierdbey rReeisrgrcerhat tihm MasHiRtEfd 18gen &fgeket han
500nmin thickness, and nore 18 20 February 2006 preferably not smaller
“than 20n¥rayR FRALIWRrgde MRay vhiith & prekAegectic PEipgEt heYepreferred
that the magnetic | ayer of the slave medium 2 be provided with a

non- Ragret i ehpMasRe shepér sigeohhergofate Rt 1 gd vehEReoragRebider to
give the magnetic |ayer a necessary nagnetic ani sotropy. The priner |ayer
may be,l3YRY ihNeaRESrof Megneti T antsekropy Ta, The MEimgralayRy BRY Pd, but
should match_to the magnetic layer in crystallographic structure and

| atti ce ROnstAnhtinstia@ceni Oness 6FTEheCors mérr TR I‘%‘)”éﬁ N32dreRur@abl y not

smal l er than 10nm and not | arger than
: Pd, but should match to the magnetic layer in crystallographic

Cz': structure and lattice constant. The thickness of the primer
10 layer is preferably not smaller than 10nm and not largér than
150nm, and more preferably not smaller than 20nm and not larger
than 80nm. |
Though, in the embodiment described above, the slave
medium is an in-plane recording medium, the present invention
15 can be applied to the case where the slave medium is a
perpendicular recording medium.
Examples
O _ Master ihforrmationscarriers in accordance with first to
eighth embodiments of the present invention and first to third
20 comparafive examéles were made in the following way and the
signal was transferred from the master information .crarriers
to_ the slave media produced in the mannér described later.
Then transferred signal quality was evaluated in the following
manner. The result is shown in the following table. 1In the
25 table, “emb” is an abbreviation of “embodiment”, “c¢/e” is an

abbreviation of “comparative example”, “CS” is an abbreviation
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150nm and nore preferably not smaller than 20nm and not | arger than 80nm
Though, in the enbodi nent descri bed above, the slave netl Egbruayaf06 n- pl ane
recordirng medi um the present invention 15 can be applied to the ;case :
where the slave nediumis a perpendicular recording nedium Exanples
Master information: carriers in accordance with first to eighth

enbodi ments of the present invention and first to third 20 conparative
exanples were nade in the follow ng way and the signal was transferred
from t heofrastmys il loygreapiohc capruaiwreto e disava abbirgvpesdaoedfin the
manner described later. Then transferred signal quality was evaluated in
t he fol |'‘tewanlpatmeon(er .aithe™&2%0] isian stidweTietion fof | Oxygnetatyt’e. In the

25 table, "enb" is .an abbreviation of "enbodinent", "c/e" is an
abbr evi a@valuafidrc onparta | veerxbepted s T@S'T sl bbr evi ati on 19 20
February 2006 of "crystallographic structure", "ev" is an abbreviation of

"eval uation", Qared ItASYT itheanighblerveptodinced frasy et syave Eediumt i on- of
the transferred signal quality Quality of the signal reproduced fromthe

sl avé nathaimevalwaseeyvabyattdee bystheofis elekc teloaagnetEgnetbovenaien si on
property neter (SS-60: KYODO Electronics) . A GWR head which .was 0.12, um
in reprasitepent herd egaf SS6&840L 1 KIODONELeproouce sy, tA &R heddhwhﬂc]? min
recordi ng head gap and 0.67 min recording track wi dth was enpl oyed.

was 0.12pum in reproducing head gap, 0.41pm in reproducing
track width, 0.2 pm in recording head gap and 0.67 gm in

( recording track width was employed.
10 The read signal was divided into frequencies by a
- spectro-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 evaluated on the
15 basis of the relative values AC/N with the difference C/N
betweeﬁ the peak intensity C of the primary signal and the
medium noise N obtained from the same slave medium by recording
O and reproducimj the same signal ‘by the use of the same GMR head
instead of magnetic transfer taken as 0 db. When the relative
20 wvalue AC/N is larger thén ~1.5 db, the transferred signal
quality was evaluated as an excellent state (O, when the
relative value AC/N is not smaller than -3.0 db and not smaller
than -1.5 db, the transferred signal quality was evaluated as
a good state A and when the relative value AC/N is smaller

25 than —3.0 db, the transferred signal quality was evaluated as

_a poor state X.
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10 The read signal was divided into frequencies by a spectro-analyzer, and
the difference C/ N between the peak intensity C of the 20 Feamary200mal and
t he nedi um noi se N obtained by extrapolati on was neasured. The quality of
the signal reproduced fromthe slave nedium was evaluated on the 15 basis
of the relative values A CNwth the difference CN between the peak
intensity C of the primary signal and the nedium. noise N obtained from

t he sane sl ave nedi um by recordi ng and reproducin % by the
‘use of the sameTNIEheREYIPSE ¥ %f1ﬁa§ﬁéFP%aF?§ngF€PrgéR8nt8$ gedb When
the relative 20 value A CNis larger than -1.5 db, the transferred. signal
qual ity BEPEY £ U RESE tiy AR &EV efit ARt el ch thehent BRe of apgativeyal ue
OC/Nis not smaller than -3. 0 db and not snaller _than -1.5 db, the
“transf erpetpsignal Tl i o9 Whs ]@@/ﬁ}%a?’%dt}é% f@b‘é‘&ﬂ“%t%‘t’@“‘%@l when t he
relative value A CNis smaller 25 than - the transferred signal

qual i ty Ba%= el 6Tt bd (BRA- ] {)bbKTM‘ak”e(%Azb] ?bo@:eﬁﬁhary 2006 C Second,
asymetry ASY is cal cul ated according to the output of positive polarity
(TAAB) afaen hief dltpialofe mégabitveas paptrsnal keppAhan % Racha8RI16E t he
following formula. ASY= { [ (TAA+) - (TAA-)) / { ((TAA+) + (TAA-)) * 10 0

~ (5) 5 Theman f5%he-healasymofe tAY wass evet ustrall 85 e¢kamlbestrid skl the  t han

5% the asymetry was eval uated as excellent 0, if the value of ASY was not
smal | er t&kwe 3% A5 yasl hek smahlapdgpharn 5% and smaller than 10%, it :

was evaluated as good A and if the value of ASY was 10% or

(:? more, it was evaluated as poor X.

10 First embodiment

In the master information carrier in accordance with a
first embodiment of the present invention, the base sheet was
formed of Ni by the use of stamper method. An irregularity
pattern signal which were 1.0pum in track widthrand 1.1pgm in

15 track pitch and extended from an innermOSt position at a
distance of 20mm from the center to an outermost position at
a distance of 40mm from the center was formed on the base sheet

(?} in- a height of 0.2 um of the protruding portions. The bit
length was 0.2um in the innermost position.

20 _ A magnetic layer of FeCO (30at%) having a bcc structure
was formed on the Ni base sheet at 25°C. The Ar sputtering
pressure was 1.44X107'Pa (1.08mTorr), and the power supplied
was 2.80W/cm?.

| In the master information carrier of the first embodiment,
25 Mm/Mé=3.8 and h2/hl1=0.7.

The master information carriers of the second to eighth
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was eval uated as good Land if the value of ASY was 10% or nore, it was
eval uated as poor X. 10 First enbodiment In the naster i20Betreary@A0&arri er
in accordance with a first enbodi nent of the present invention, the base
.sheet was fornmed of NN by the use of stanper nethod. An irregularity
pattern signal which were 1.0 gmin track wiwdth and 1.1min 15 track pitch
and extended from an innernost position at a distance of 20mm fromthe
center to an outernost pasition at a distance of 40mm fromthe center was
fornmed of™PRAGIBERESsRREIENG FiXstefghEhordocompar Bt ¥ X E UG Spor ti ons.
The bit Ilength was 0.2, umin the innernost Eositiqn. 20 A magnetic | ayer
of FeCO PBOARCEY HupaRgess fd@idarybe jhe fhast rabrsdmemt pacRPt f8SE sheet at
25C. The Ar sputtering pressure was 1.44 X 10-'Pa (1.08nﬂqr&) , and the
power suppeikase wheer sugvthepmagpetps haveemqne Spraeat ddficgendt t he
first enbodi nent, 25 Mn Ms=3.8 and h2/h1=0.7. The master information

carri er smadterhalsectmd t dnei ghtfhfoneny rFddvigdmpsPoo6sanmbddiaent §h&nd t he
first to third conparative exanples were produced _in manners sinmlar to

t he f3 r serepbadlngnarhkcedtritiire 9k the dagnaiiladdee wagn&eilee ayer
were formed of different material and in different thickness so that the 5
cryst al | ofpiie and tbeuralueott he/ hghbf fer |fnpa thoge 9hlthe féfsfhi Ms and

the value of h2/hl differ fromthose of the first
embodiment.

Second embodiment

( | The master information carrier of the second embodiment
10 was produced in the same mannei: aé the first embodiment except
that the magnetic layer was of Co having a hcp structure and

Mm/Ms was 2.8.

- Third embodiment

The master information carrier of the third emioodiment

15 was produced in the same manner as the first embodiment except

| that the magnetic layer was of CoNi50 having a fcc structure
and Mm/Ms was 2.0.I

(; . Fourth embodiment

The master information carrier of the fourth embodiment
20 was produced in tﬁe same manner as the first embodiment except
that the magnetic layer was of FeMn50 having- a bcé structure

and Mm/Ms was 2.5.

Fifth embodiment

The master information carrier of the fifth embodiment
25 was produced in the same manner as the first embodiment except

that h2.hl was 0.1.
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enbodi nent. Second enbodi mrent The master infornmation carrier of the second
enbodi rent 10 was produced in the same manner as the fir20Febmwoyd2f8ht '
except that the magnetic |ayer was of Co having a hcp structure and M1 M
was 2.8. 0 Third enbodi nrent The master infornmation carrier of the third
enbodi ment 15 was produced in the sanme manner as the first enbodi nent
except that the magnetic | ayer- was of CoNi 50 having a fcc structure and
M1 Ms was, 2. 0. Fourth enbodi nent The master information carrier of the
fourth erbbHRngRPOdsBens produced in the sane nanner as the first

enbodi nent except that the magnetic |ayer wa f FeMh50 having a bcc
structure and“ﬁﬁ'ri“?@sgﬁﬁars ipformgtiqn é’ﬁﬁ&&?ﬁeﬂf t%?f’e remsﬁfi&%ﬁﬁﬂ;i on
carrier of the fifth enbodi nent 25 was produced in the sane manner as the
first enbe8iRRIHUGSE Pt the BANG PapNeka3s Ghe LHDsHEMRAINERE 8866PEi xt h
enbodi nrent The master infornmation carrier of the sixth enbodi nent was
producedthat thé-Bhneasefn@r as the first enbodi ment except that h2.hl was

0.9.
5 Seventh embodiment

The master information carrier of the seventh embodiment
was pd:oduced in the same manner as the first embodiment except

that the base sheet was of (FeC0;)P alloy and Mm/Ms was 92.

( Eighth embodiment
10 The master information carrier of the eighth embodiment
was produced in the same manner as the first embodiment except
that the magnetic layer was of Co FeB amorphous alloy and Mm/Ms
was 2.0. |

Comparative example 1

15 The master information carrier of the first comparative
example was produced in the same manner as the first embodiment
except that the magnetic laye.r was of Ni having a fcc structure

(i} and Mm/Ms was 1.0.

Comparative example 2.

20 _ The master information carrier of the second comparative
example was produced in the same manner as the first embodiment
except that the magnetic layer was of CuNi80 having a fcc
structuré and Mm/Ms_Was 0.8.

Comparative example 3

25 The master information carrier of the third comparative

was produced in the same manner as the first embodiment except
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5 Seventh enbodi ment The master information carrier of the seventh

enbodi nent  was produced in the sane manner as the first2@FRthodin@Afo except
that the base sheet was of (FeC2)Palloy and MW Ms was 92. Eighth

enbodi ment 10 The master information carrier of the eighth enbodi nent was
produced in the sane manner as the first enbodi mrent except that the
magnetic | ayer was of Co FeB anorphous alloy and M1 Ms was 2.0. -

Conparatjye, e le 1 The master_infarmation carrier of the first

conpar at FUEE “ERABReS SRet Gt cof 1Y 1l CR e e et ey

enbodi nment @ﬁiﬁ t tha &he magnetic | ayer was of Ni having a fcc structure
and M MRGENAE .w?ﬁnié ative exanple 2. 20 The master information carrier

‘of the second conparative ..exanple wa rqduced in the sane manner as the
first enbodi mette TRHMGHR “ERE RAGHACRE 1ayde Rl " a8 Rivi ng a 1 cc
structurg and, M Ms_was, 0. 8. Conparative exanple 3 25. The naster

i-nf or mat f%?'nt chtr ig',r55 ofglt%'sihﬁﬁ?%‘?c]d}mei Wrg)r\%slcprr&‘ﬁ&réidnignmﬁﬁéasane
nann%r as the first emhodi nent except 23 20 Februar&ﬁ%ﬁ@G .ghat t he base
sheet® wa¥eb® REPPAFFSy Havi nGPRHEEL 180y FHRATE M hd { ‘wa8iberaThe sl ave

nedi a were produced in the follomﬁng nmanner . .
: Mechatronics). The sputtering apparatus was evacuatedto1.33

X107 %pa (1.0><10'mTorr) at the room temperature and then argon
was introduced into the apparatﬁs to a pressure of 0.4Pa
(f; (3.0mTorr). Under these conditions, glass discs were heated
-10 to 200°C and a magnetic layer consisting of a 30nm thick CrTi
aﬁd 30nm thick CoCrPt layer was formed on each of the glass
discs. Each of the slave media was 5.65T (4500 Gauss} in
_satﬁration magnetization Ms and 199kA/m (2500e) in coercive

force.

15

20

25
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That is, 3 5" disc- shaped I n-pl ane magnetic recording media 5 were
prepared by a sputtering apparatus (S-50S: Shi baura Mech2Q Fémiay)2006he
sputtering apparatus was evacuated to 1.33 X 10"Pa (1 0O X10-4 Torr) at the
room tenperature and then argon was introduced into the apparatus to a
pressure of O APa (3.0Omlorr) . Under these conditions, glass discs were
heated 10 to 200 " C and a nmmgnetic | ayer.consisting of a 30nmthick CTi
-and 30nmthick CoCrPt |layer was fornmed on each. of the glass discs. Each of
- the slave nedia was 5. 65T (4500 Chalsl¢ in saturati on nagnetization Ms

and 199kA/ m {-2500e}-i-A—coerei-ve—foree—3i5-2025-—2420February—2006 Tabl e
I\/h/IVBhZ/hICSQ ASY (dﬁal/xqs(em(m I (e@3 enb. 13. 80. 7bdc- 0%(50)2(0) enb.
2'2.80.7hcp-|1. 7 (A)[7(A) enp. 32.00.7fcc-2. 0 (A 3(0) anb.
42.50. 7bcc+d. 2(0) 3(j0) enb.| 53. 80 1bcc-1. 2(0) $4B) / eswp.| 68) BQ=9bcic-1. 6
(A 1(0) enb.L 7920 7bcc-1_4(0)5(A

emb. 1| 3.8 0:7 bece -0.2(0O) 2(0O)

emb. 2| 2.8 | 0.7 hep | -1.7(A) 7(A)

emb. 3| 2.0 0.7 fecc -2.0(A) 3(0)

emb. 4] 2.5 0.7 bec +0.2(0O) 3(0)

emb. 5| 3.8 0.1 bee C-1.2(0) 8 (A)
C Jemp. 6| 3.8 | 0.9 bee ~1.6(A) 1(0)

|emb. 7| 92 0.7 bec ~1.4(0) | 5(A)

emb. 8§ 2.0 0.7 f amorphous | -0.7(O) 1(O)

c/e. 11 1.0 0.7 fcc -4.2(X) 11 (X)

c/e. 2| 0.8 | 0.7 fco -4.5(X) 15(X)

c/e. 3| 113 0.7 bee -3.1(X) 26 (X)

- As can be understeod from the table, in the first to

eighth embodiments which eatisfied-1.0<Mm/Ms<100, both the

N transferredsignalqualityapdtheaeymmetrywere A or O. On
(ij 5 theother hand, in the first to third comparative examples which

did not satisfy 1.0<Mm/Ms<100, both the transferred signal

guality and the asymmetry were X.

In the fifth and sixth embodiments which were the'same

as the first embodiment except that they did not satisfy 0.2

10 =h2/h1=0.8, one of the transferred signal quality and the
fasymmetry were A;whereas in the first embodiﬁent, both the
transferred signal quality and the asymmetry were O, which

indicated that it is necessary to satisfy 0.2=h2/h1=0.8 in
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enb. 82.00. 7anor phous-0. 7(0)1(0) c/e. 11.00.7fcc-4.2(X)11(X) c/e. -

20.80. 7fcc-4.5(X) 15(X) c/e. 31130.7.bcc-3.1(X)26(X) As cahFehsuanid@dst ood
fromthe table, in the first to eighth enbodi nents which satisfied

1. O<M.Ms<100, both the transferred signal quality and the asymetry were
A or 0. On the other hand, in the first to third conparative exanples
which did not satisfy.l.O<Mn Ms<100, both the transferred signal quality
and the asymmetry were X. In.the fifth and sixth enbodi ments which were the
sane asofkHexrf tostfoembadbetnerenagpetibatibhepatitérnot satisfy 0.2 10

. ¢ch2/h1 c0.8, one of the transferred signal quality and the asymetry were L
whereas | n thepfit£Bér pribasth et OkMliMERB00 tarmd S rEad /hilghal 8 quale ty and
the asymmetry were 0, which. indicated that it is necessary to satisfy

0. 2h2/ h1808hi Bal5s20efebthar ymBOAGmontewhich fintisn & lomp terruegnet iizat i on
pattern. Further, even if 1 . O<Mn Ms<100 and 0.2 ¢ h2 /hl ¢ 0. 8 were

bot h sat tbgfised]1bheaphheds eenét ibé ¢is ths sedwl shbocimeati tould not
crystal l ographic structure as the second enbodi nent could not 5 obtained.O
and cpul dpeht abned) Qe cBulB Hotdid@ ohngns e 8éthstB8a ratisddinedand t he
asymmetry., which indicated that the mnmagnetic |ayer which was a bcc, a fcc
or an am&ahamsqhalie?yghal kaer apRihetiil CvHE enwandieidterd tthan that which
was a hcp’in crystallographic structure.

magnetic layer which was a bce, a fcc or an amorphous in

6rystallographic.structure was better than that which was a

(j' hcp in crystallographic structure.
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26 :20 February 2006 . What is clained is: 1. A master information carrier
- for magnetic transfer conprising a base sheet which is 2@F¢hedargf2086
~magnetic material and is provided with an irregularity pattern :
representing 5 information to be transferred to a magnetic recordi ng
-medium and a nmagnetic |ayer forned along the irregularity pattern,
wherein the i nprovenent conprises that the saturation magnetization M of
't he base Eh%et ahg-;th , ;saturation nmagnetization Mmof the nagnetic |ayer
- satisfy "PBCtRE F PF@ﬁSndScondition, 1. 0<Mm Ms<100. 2. A master
information carrier as defined in CQaiml .in which the saturation

magneti zati on W5 dif A Had@ TOEEt 1oMy cCarrd et oF SR Hhg dtanafiaon Mm of

the magnetic | ayer satisfy 15 the follow ng condition, 2.0c MM <3.9. 3.

y . \ ¢
A nast er CPHPE! FAPE o L& FBRCASVIRIEFR Asdt PATef e magnot i ¢ maticdt alhe
magnetic | ayer is of a body-centered cubic structure or a face-centered
cubi ¢ st POt dfe FOVAHethor bHdUAN 28 TEEPUSREREYI Paditpdna | NeRFiessMtd st r uct ure.
4. A master information carrier as defined in any one of Clains 1 to 3 in
whi cl? a HREAENRELPEYE? Hestrapaiarardotom MRENPELESERECHHRT Gieddunyhe
itTregularity pattern on the base sheet and the height hl of the protruding
portion 8RdtRenagnetieqgld¥e’ t{opaed akrnthdhnd HEghrHL oPatiei®agnet i ¢
1 ayer ' '

wherein the improvement comprises that

the saturation magnetization Ms of the base she¥t and

(:}‘ the saturation magnetizaticule.of'the magnetic layer satisfy
.10 ~the following condition, |

1.0<Mm/Ms<100.

2. A master information carrier as defined in Claim i
in which the saturation magnetization Ms of the base sheet and
the saturation mégnetization Mm of the magnetic layer satisfy

15 the following condition,
2.0=Mm/Ms<3.9.

3. A master information carrier as defined in Claim 1

(5% or 2 in which the magnetic layer is of a body-centered cubic

structure or a face-centered cubic structure or an amorphous

20 structﬁre'in cryétallographic structure.

4. A master information carrier as defined in any one
of Claims 1 to 3 in which a magnetic layer is formed also on
the ﬁecessed portion of the irregularity pattern on the 5ase
sheet and the height hl of the protruding portion of the

25 irregularity pattern and the height h2 of the magnetic lavyer

on the upper surface 'of_ the protruding portion of the.
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:on t he upper surface of the protruding portion of the 27 20 February 2006

irregularity pattern fromthe surf ace of magnetic |ayer2@Rehrhary 2086essed
portion of the irregularity pattern satisfy the follow ng formla _
0.2Sh2/h1c0.8. 5. A nmaster information carrier as defined in Claim4 in
whi ch 0.3ch2/h1c0.6. 6. A master information carrier as defined in any one
of Clains 1 to 5 in which the saturation magnetization Ms of 10 the base

. . . 5 [ . i f . | |
et o “LSSAgBIRE bty Sl QLR BUGRY ol EEL BT T v

[ ' : ' lar.i h he b heet, b t
ol or LORBRSEH ROt ok AR Hnddh RS edlveeR ABGaRNanT n any

one of ing.1l ta 7 in _which the information to be transferred to the ,
nagneticg%g%ggéﬁﬁg%ﬁégkgﬁlis a servo signal. 9. A magnetic recordi-ng nedi um
havi ng i nformafi ferred thereto froma master information carrier

as defined inéaggﬂgaéggéorﬁe precedi ng cl ai ns.

.5
5. A master information carrier as-defined in Claim 4
in which 0.3=h2/h1Z0.6. |
6. A master iﬂformation carrier as defined.in_any'ohe
(?} - -of Claims 1 to 5 in which the saturation magnetization'Msiof
10 the base sheet is not smaller than 5.65T (4500 Gauss).
| 7. A master information carrier as defined in-ény one
of Claims 1 to 6 in which the height of the protruding'porﬁion
of the irregularity pattern on the base sheet be not smaller
than 40nm.
15 8. A master information carrier as defined in any one
of Claims 1 to 7 in which the information to be transferred
. to the magnetic recording medium is a servo signal.
(ﬁ} . 9. A magnetic recording medium having information
transferred thereto from a master information carrier as

defined in any‘oné of the preceding claims.
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