31 August 2006 MASTER | NFORMATI ON CARRI ER FOR MAGNETI C TRANSFER BACKGROUND
OF THE I NVENTION Field of the Invention 5 This inventi o M8ugit2886t o a
master information carrier carrying thereon an irregularity pattern (a
pattern of protruding portions and recessed portions) representing the
information to be transferred to a nagnetic nedium Description of the

Rel ated Art 10 Wth an increase in information quantity, there is a demand
for a magnetic recording mediumwhich is high in nmenory capacity, lowin
cost and pref eMABTERr ENFOREAT RORNOARRIEREFOR MACRETREITEAEE@ssary part of
data (a magnetic recordi ng nmedium which allows so-call ed high-speed :
access). As an exanple of 15 such a magnetic recordi ng nedium there has
been known a high recording density magnetic medi um such as a hard disc, a

zip (a flexible disc avadmgreUNPOE amdahvendohe | i ke. In such a high
recording density magnetic nedium the recording area is fornmed by narrow

data tracks. In order to capgeld cﬂﬁgﬁﬁéifn@@nﬁ_g@g to accurately trace such
narrow data tracks and reproduce the igh SSNratio, the
so-caldl ed servoriifagkiveatibeckaiayeshes DM 1Pl RYEnat fofrdel 14 Perform -
the servo tracking, it is necessary to wite servo m?or mat1 on such as

servo {raskingi s grakvebar arS MASGINING (Becdata t(aa-cga%ggﬂr &p signals

for the data tracks and reproduction clock signal's on th netic 1 31
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information to be transferred to a magnetic medium..

Description of the Related Art

10 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 maginetic recording medium
which allows so-called high-speed access). As an example.'of

15 such a magnetic recording medium,I there has been known a lh‘igh
recording density magnetic medium such as a hard disc, a Zip
(a flexible disc available .from Iomega) and the like. In such
a high recording density magnetic medium, the recording area
is formed by narrow data tracks. In order to cause a magnetic

20 head to accurately trace such narrow data tracks and reproduce
therdata at a high S/N ratio, the so-called servo tracking
technique has been émpléyed.

In order to perform the servo tracking, it is necessary
t.o write servo information such as servo .tracking signals for
25 positiqning the data tracks, address signals for the data

tracks and reproduction clock signals on' the magnetic -




the present, such preformat recording is performed by the use

speci al i zed servo recording apparatus (a servo track witAoystRfrever, the
preformat recording by the conventional 5 servo recording apparatus is

di sadvantageous in that it takes a long tine since the servo infornmation
nmust -be recorded on the magnetic recording nedium one by one by the use of
a magnetic head, which deteriorates the productivity. As a method of
recording the prefornat accurately and 10 efficiently, there has been

proposed,réanrdingt ardéum as d gpentsend nexas peddtat esh Pudrésali am No.
'63(1988)-183623 and U. S. Patent No. 6,347,016, a nmagnetic transfer nethod

in  whichle patsenn, which pre foumsd redogditgt &y peffferfRid By €@ kiser  and
represents servo information is copied to a magnetic 15 recordi ng nmedium (a

sl ave medifurd dpyeobgheied &epnsf eecokdihBeappansths YhanRhb tihek
magnetization pattern representing the information (e.g., servo

i nf or mat ivanjtergar r Hedebyra tIRSH £6 £ ARSE FoLoRB i A8HY Ehe IcorRGRALNGR! | Y
transferred fromthe naster information carrier to a slave 20 medi um by

appl ybng sertvcansterdimgnaipardted d st @i 5AQvahevees@diiwmnand; ¢ h’t%k@%St er
information in close contact with each other, ~and accordingly, the

i nf or mat izprlonar tikd ByntBetnBSs8FvOl 0, 06 PR 4 Qoh Gt He GRI-JIRIRM Bhi cal |y
recorded on the slave nmediumw th the relative position between the mnaster

25 i nf or rodd megset 1 ¢ eecardihhenced iAo AB Wylbh& Rt HePRSE JH 4 mEMS L j caccor ding
to the magnetic transfer, the preformat recording 2 31 August 2006 can be

per f or methead Unatiehy dand rt be aticae thedpirbadctovithe preformat recording. is
very short. :

As a method of recording the preformat accurately and

- 10 efficiently, there has been proposed, for instance, in
Jdapanese Unexamined Patent Publication No. 63(1988)-183623
and U.S5. Patent No, 6,347,016, a inagnetic transfer method in
which a pattern which ié formed én-a master information carrier

'and represents servo informatioﬁ is copied to a magnétic
15 recording medium (a slave medium) by magnetic transfer.

In the magnetic transfer, the magnetizatibn pattern
representing the information (e.qg., sérvo information)
carried by a master information carrier is magnetically
transférred from the master information carrier to a slave

20 mediumbyapplying a transfer magnetic field to the siave medium
and the'master information in close contact with each other,
and acéordingly, the information - carried by the master
information carrier_ can be statically recorded én the slave
medium with the relative position between the master

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

according to the magnetic transfer, the preformat recording




The master information carrier used in the magnetic transfer disclosed,
for instance, in U S. Patent No. 6,347,016 5 has an irr¥dtiousi2e8f pattern
(a pattern of protruding portions and recessed portions) representing
information to be transferred to slave nedia and at |east the top surface
of the protruding portions of the irregularity pattern is forned of '
magnetic material. By magnetic transfer by the use of such 10 a patterned
master information carrier, a magnetization pattern corresponding to the
i rregul arddry patper formed heccurstelyi ahar ghbi eAneArddRlidedt fyrmeghon the
slave nedia. 'In the magnetic transfer, the reproduction signal waveform

obt ai ned grefornut Aevorrdipd) ad crery Ghdrte 15 magneti zation pattern is
transferred fromthe master infornmation carrier, that is, whether the

reproduction siTgralmastasef Difotsaefon desried aBehi iwdermndyapgasid ed
period, is- inmportant. Qur, these inventor's, investigation has reveal ed

that 20 thegfepr edsel beadsimmlinserster nd GO dJmaNelhbe 6507, iy  nedi um
obtai ned by the nmagnetic transfer depends upon the shape of the protruding

porti &ns lofs bheit QPGB LY HoatAdre NaQfat fidrn BESHEH L ARATRId AL Sy ri er
the strength of the transfer magnetic field, the distancé "between the

master i il midceRs2d CabkicebnaNd thprakaneiABdi UNTLERSL 58T 66 Ofp &l 0se
contact therebetween), and the |ike. The anplitude of the 3 31 August
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and a certain strength of the transfer nmagnetic fiel'd 1s required and the
di st ance heftweRlinghporesbak bof Oi&Bl i yularity pattern is formed of
magnetic material. By magnetic transfer by the use of such
10 a patterned master information. carrier, a magnetization
pattern corresponding to the irregularity pattern-on the -
master information carrier is formed on the slave media.
In the magnetic transfer, the reprqduction signal
waveform obtained from the slave media to which the
- 15 magnetization pattern is transferred from the master
information.garrier,'that is, whether the reproduction signal
“waveform is of a ¢esired amplitude and a desired period, is
important.
Our, these inventor’s, investigation has revealed that
20 the reproduction signal waveform from a magnetic recording
mediumobtainaﬂbythenmgnetictransferdependsupontheshape
of the protruding'pdrtions of.the irregularity pattern on the
‘master information carrier, the strength of the transfer
magnetic field, the distance between the master information

25 carrier and the slave medium (the degree of close contact

therebetween}, and the like. The  amplitude of the




carrier and the slave nedium should be as small as possible 5 in order to
obtain a good signal quality. Various shapes of the prot'fi¥gisigo%orti ons of
the irregularity pattern on the master information carrier have been '
proposed in view of using conditions such as on close contact, separation
and the like, manufacturing conditions, and/or the like. In any shape of
10 the protruding portions, there is an effective wwdth in the direction
of the tracks. However, it has not been clear what effective width in the
di rectiony@brbRgictiBaksi gioV Wde% 6% §80re PAIdPELCLLY difmbieqfgRE pguct i on
si gnal waveform CUnI essl%e r epr oduct |50n %P‘g';\éa q\?/a{\:/e%/cﬁlﬁnn}t?ralsqgggﬁr d 15
periodi it/ r)e hLgcordi e r BN racH, ekt ecordi ng
mediumi s (dét t%ri %rat eﬁ%@cﬁgﬁéslﬁg\]}ngrflaﬁgﬁe i n Sg}enrwta I E)]Ir}gt‘ﬁggbgef.!L %%nsf erred
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i nformati b err 5 disc-like magnetic recording nedi um
at | east Iﬁﬁgnggpﬁ}s%#@gagelon ggrkgeg ha&je %een propos%cfln view ofdusgng

conditions such as on close contact, separation and the like,
manufacturing conditions, and/or the like. In any shape of
10 the protruding pértions, there is an effective width in thel
dir‘ectlion of the tracks. | Howeﬁer, it has not been cléar what
effective width in the direrction of the tracks provides desired
periodicity to the réproductio_n sigﬁal waveform,
Unless the reproduction signal waveform has desired
15 periodicity, the recording/reproducing éccuracy of the
magnetic recording medium is deteriorated. Especially, when
the information to be transferred is a servo signal, the
tracking performance. deteriorate, which _caﬁ result in
deterioration of reliability.
20

SUMMARY

A need exists to provide a master information carrier which can form a

magnetization pattern on a magnetic recording medium by magnetic transfer

25  so that a desired reproduction signal waveform can be obtained

from the magnetic recording medium.




~of the protruding portioons of the irregularity pattern being- fornmed of -
magnetic material, wherein the inprovenent conprises th3tAudeet 2006 egul arity
pattern is forned so that the width L 10 [nm -in a circunferenti al
direction of a protruding portion at a distance R[nm fromthe center
satisfies the condition L=a(wOlIR), 0.8~c 1.4, wherein co represents in
[rad/ sec] the angular velocity of the nagnetic recordi ng nmedi um when a
signal is read out from 15 the nagnetic recording nmedium after the

magnetic transfer ap@oTde@RieeSents kRel $8Wsdhdeshbersbgnalyfd @ yidth of
a reproduction signal waveformin a magnetization transition Tegion

cor respondipgigviaednal RSt¥a! s RELYRER: LA AR Ol fia RLALUAL OGS POLL T ON 1 1

the circu ential direction. 2 hat is, 1 n'the master Tnform

car i 1 T ORafBAGRLA thEansheradl HiE-BHSS N dNENARD, (Hish gLl

in.a circunferéntial direction (in a direction of track rudi ng
Phe. conter P it renauaard JB%eERayan’ s Mo SERRRISYERde & (hi n (ne
orotrual ng 8 a1 RAQIETTS0bs Mty SEHELR; M BHSE e e MR.HERR RSt ol
?ﬁ]l‘ol)lr (rangt :Jgﬁ% %:g?%ﬁg#d{ﬁ?&n%gin%ﬁg@r g%%pfl ﬁ%\?}%ﬁ r#?)f%ﬁ?é_%ég‘{r’%%n%f cl ose
Che. ropr odigron eaPar s aaraduie wefetdBhe b BBnd joBe i ate s of
desired vakyg¢in all the tracks. '

the irregularity pgttern is formed so that the width L

10 frm] in a circumferential direction of a protruding portion
a.t a distance R [nm] from the center satrisfires the conditien

L=a({we+*AT*R), 0.8=0=1.4,
wherein o represents in [rad/sec] the angular velocity
of the magnetic recording medium when a signal is read out from

15 the magnetic recording medium after the magnetic transfer énd
AT represents in [sec] a désired signél timé width of a
repro_duction signal waveform in a magnetization transition
region corresponding to an interval between the ends of the
protruding portion in the circumferential direction.

20 That is, in thé master information carrier for magnetic
tr-ansfer' of the present invention, the width L [nm] in a
circumferential direction (in a direction of track) of a
protruding portion is changed according to the radius of the
~track {(the distance from the center) .with the value of o

_25 selected to an optimal value within the range of 0.8 to 1.4

according to the conditions such as the shape of the protruding.




The "width in a circunferential direction of a protruding portion" as used
here nmeans an effective width affecting formation of th¥ AngyH@bszati on
pattern (the width of the 10 nagnetized area) by the protrudi ng portion.
For exanpl e, when the cross-sectional shape of the protruding portion
taken along a plane extending in a direction parallel, to the direction

of the track in perpendicular to the surface of the master information
carrier (wll be sinply referred to as "the. 15 | ongitudi nal

cross-sect pepal ogNapge. ' | O#) +3 : ANCH [ he
effective aﬁdth is the j?%%ﬁk?%ﬁ(?ﬁgt%?rgg??ggigfq?%gqf%éégﬁﬁalékgéop

surface of nhffePl OtiudisFer, POLL 93+ WRERAS MBEPHL G t%'}gi.ltéﬁg]ifng%iron

cross-sectional shape of the protruding portion s a rec

trapezoi d whihidt %n%ptHQQﬂ%Mfé g@éofain?"f@e)ﬁi%n Y Pﬁee&'gi%é%gtfteﬁidasé he

effective wwdth "is the distance between the Intersectio € extension

of the UP@@ﬁtﬂ@%h%fre%%vfe%ﬁ)aQﬂéi?%P "t s k& ;’i%%z ?thaﬂge LAEna X le! ons of

the end lines of the rectangle or the trapezol he mast’er i Af of mat i on

carri ers of yi hen €554 _rc‘)a%l}dg#ﬁmtoinogra @LEm!t Pg?Wogthliaggr%tl iaazhctgu]ﬁr[ an

circunferential directi ‘a protruding portron-a

fromthe cgoigk; satj sfi .he aforesaid condition, the
reproductio% ﬁjgtn}gléémﬁ\%zéfmz%g%aﬁlne ﬁa&%%t hgl s‘a\lﬁ‘étvet%r%&-‘lra?c%g'mm ch the

T o DAL LTSS LLATLATR AN on OSSR
'tp;grklffﬁtg' g%%tgulﬁg Itér%pggggf $hre ddardk SELVRrELANRL: WNKACCH ARE Qg the
formation of the magnetization pattern (the width of the
10 magnetized area) by the protruding portion. For example, when
the cross-sectional shape of the protruding portion taken
aiong aplane extending in a directionparallel to the direction
~of the track in perpendicular to the surface of the master
information carrief (will be simply referred to as “the
1-5. longitudinal cross-sectional shape”, hereinbelow) is a
rectangle or trapezoid, the effective width is the width in.
the direction of the track of the toﬁ surface of the protruding

portion, whereas when the longitudinal cross~sectional shape

of the protruding portion is a rectangle or trapezoid with its

20 upper portions cut away at the ends thereof, the effective width

is the distance between the intersections of the extension o.f

the upper siAde of the rectangle or the trapezoid and the

extensions of the end lines of the rectangle or ﬁhe trapezoid.

Irn the mallls.term li?formation carrier. | o.f.m "the present
25 invention where the width L [nm} ina circﬁ.mfé.re.z;fi;].. dlrectlon :

of a protruding portion at a distance R [nm]} from the center




Wien L/( (o ATR)(=a) is smaller than 0.8, the |ongitudinal
cross-sectional shape of the protruding portion 10 nust ¥&ugustPe¥ezoi d
having sufficiently inclined end lines in order to obtain desired
periodicity of the reproduction signal, which makes it geonetrically
difficult to ensure a predeterm ned depth of recessed portion between
protruding portions. Further when L/ (WO TR)(=a) is larger than 1.4, 15 the
appl i ed magnetic field nust be strengthened or the distance between the
mest er i RfQrERti QN {0Rd rd Riri d e AR AN r ISR 0 YigRfh i n or der
to obtain desired periodicity of the reproduction signal. However when the
di st ance wReiaRaM t Rt aTeslder ri-BRHOT PRLI 081 S8LT I fLqfNd e jl:ye njdiumis.
enl arged, 20 the anplitude of the reproduction signal greatly deteriorates,
that is, malygeHiohali glalddit dieatily deta{d QnLates. EF (RECRLBH QN OF THE
DRAW NGS F?ghre lis anIprIodedlberspecf%ve &%ﬁwﬁgﬁha tﬁ%ﬁbhgggﬁ%%d.slave
medi um ang /& RAL A cHRB8F I 198 TRt h s 132 £ANEL 4 R Siereon
information to be:L tr((:insferreél to opp%%lgx%géﬁe}éigﬁé?%%hgl %\@%S% i'um 7 31
AIgUSS 20006 1 9UREBeRal 2GRl MEVERf Ol idte AN ARG SlPs  of
magnetic transfer, Figure is a plan V|emf?or I'Hlustrating a master
informatisan LagLief LH4ASEOr cg eprbpdi m h pr.esent

i nventi orJf, Figure 4 ?sgaggfe%ﬂgh%ﬁwﬁgat% reI%’?ﬂL ﬁp%%ﬁ\%%ng?ﬁgo 18
reproductip@iogiegnal waveform obtained fromthe magnetic recording medi um
the magneti zation pattern of the magnetic

When L/( o ¢ A T*R) (=xx) is smailer than 0.8, the

' -ldngitudinal cross~sectional shape of the protruding portion

10 must be a trapezoid héving sufficiently inclin_ed end lines in
order to obtain desired periodicity of the reproduction signal,
which makes it geometrically difficult to ensure a
predetermined depth of recessed portion between protruding
portions. Further when L/ (w<+AT*R) (=a) is larger than 1.4,

15 the appliedmagnetic field must be strengthened or the distance
between the master informationl carrier and the slave medium
must be enlarged in order tq obtain desired periodicity of the
reproduction signal. However when the distance between the
master information carrier and the slave medium is enlarged,

20  the amplitude of the reproduction signal greatly deferiorates,

-thaf is, the signal quality greatly deteriorates.
BRIEF JDECRIPTION OF THE DRA‘WINGS

Figure 1 is | an exploded perspective view of a
double-sided slave medium and é pair of master information

25 carriers carrying thereon information to be transferred to

" opposite sides ©of the slave medium,




recording nmediumand the irregularity pattern on the master 10 information
carrier, and Figures 5A to 5C are views showi ng exanpl es!dyoy¢sh@o0s
cross-sectional shape of the protruding portion on the master information
carrier. DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS 15 Magnetic transfer for
transferring information on a naster information carrier to a slave nmedi um
(magnetic recording nedium wll be first described in brief. As shown in
Figure 1, a pair of pieces of information are transferred to opposite

sides of a magrEigurdseoar € i MR vieks! ane iTedsurhci2g Badiomiaai r of
master information carriers 3 and 4. The magnetic recording nedium?2 is a

di sc- i kep fragpidicic tae@sdidlg medi um such as a hard disc or a flexible disc
and conprises a disc-like base sheet 2a and magnetic |layers 2b and 2c

formed on opposiihrdl dessoh HIamh3aR.s!8e! 123ysEPalliRgMaShes Lol or mation
carriers 3 and 4 conprise substrates 3a and 4a avyng irregularity
patterns iﬁﬁdkmaé%ﬂﬁ“&aﬂ%ier’ih:attbraghcé'Wit “ance '6d£ﬁ%n&PQH§Em%POG
signals) representing information to be transferred to the nagnetic |ayers

2b and 2gisddie im@Rstich,r ecording nedium 2 and soft magnetic layers 3b
and 4b provided along the irregularity patterns on the base sheets 3a and

fa 5 Though thegagaell ¢ sf aCALNGHIRILIM Re! 2 BARYOLT BIRDE, fRS! e

information carricers 3 and 4 in Figure e magnet| ayers and 2c of

the magneldit-JREAUMNG MR UMR A G PRI hed! PEBnCLRZERGGALREL Wi th the
soft magnetic |ayers 3b and 4b of
recording medium, the magnetizatiorn pattern of the magnetic
recording medium and the irregularity pattern on the master
10 information carrier, and
Figures 5A to 5C are views showing examples of the
cross-sectional shape of the protruding portion on the master
information carri.er.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
15 Mégnetic transfer for transferring information on a
rﬁ.aster information carrier to é. slave medium .(magnetic
recording medium) will be first de.scribed in brief. As shown
in Figure 1, a pair of pieces of information are transferred
to opposite sides of amagnetic ifecording medium (sléve medium)
20 2 _from a palr of master information carriers 3 and 4.
| The magnetic recording medium 2 is a disc-like magnetic
recording medium suﬁh as a hard disc or a flexible disc and
comprises a disc-like base sheet 2a and magnetic layers 2b and
2c formed on opposite sides of the. base sheet 2a.

25 The master information carriers 3 and 4 comprise

substrates 3a and 4a having irreqularity patterns (e.g., servo




the master information carriers 3 and 4, or are opposed to the 10 soft
magnetic layers 3b and 4b of the naster information cardifeest30%nhd 4 in
the vicinity thereof, when magnetic transfer  is actually carried out.
Basi c steps of magnetic transfer of information to a slave nmedium
(magnetic recording nedium) wll be described 15 with reference to Figures
2A to 2C, hereinbelow. In Figures 2A to 2C, only the |ower magnetic |ayer
2b is shown. An initial DC nagnetic field Hn is first applied to the

sl ave wecgltgﬂaaé)nr@ﬁéyérﬁ%ﬂ%omrpﬁmdéﬁ'ont o B MSEHLEAE I Aokt her eof,

t her eby magneti zi ng“t he magne | ayer 2b of the slave in an

jnitial RadiRfhel 1536ranaSanasy dfﬂtﬁegmagnaélc ifgc%f&%ﬁgugﬁ fy FRONE! | ©

| ayer 3b of” the | ower naster ormation carrier o cl ose
ctate, é“’lﬁ‘aﬁé’ 5 'ﬁ%&%ﬁ?‘%”ﬁ%&'ﬁﬁ.éﬁgﬁi, N

?E2$ZL;er%:algfetéc{ﬁlqcaIJ]1ty ?Jr ansterr |ng febglngo?}nl%te?%n%gﬁ%ﬁleaagl ‘gliriugﬁsB{ 2006
e 5 5" e A ThBAGRRERL Hadhd €1 ¢ NI TROAELR D i) BhafRer i 1B° ©) Ve

medi um 2. As a res [oNn Tepres ulfarity pattern

on the ngstar, | QL%mEQpnCééﬂégérs% Bada 1, 6 §L 42 ;g{% gﬁgtf%nsfe”ed

to the | ower magnetic as shown in rma,tlon

representyey ex%yzxyzﬁla gﬁruﬁy Ratie &gaogalagprﬁ% 10 SRSl Bl ggmf mati on

carriers rans erre posite sSi e slave Ium ei t her

SI Ul (NG9S X1 0Ll B ERUE LR 'Ehet D8£ ARRMNEL & 1Rl BRUMLATAH YePattern

representing
the master information carriers 3 and 4, or are opposed to the

10 soft magnetic layers 3b and 4b of the master information
carriers 3and 4 in the vicinity thereof, when magnetic transfer
is actually carried out.

Basic steps of magneti-c transfer of information to a
slave medium (magnetic recording medium) Qill be described

15  with reference to Figures 2A to 2C, hereinbelow. In Figures
2A to 2C, only the lower magnetic layer 2b is shoﬁn;

" An initial DC magnetic field Hin is first applied to the
slavemedium 2 in one directionparallel to the fecording tracks
thereof, therebymagnetizing the magnetic layer 2b of the slave

20 medium 2 in an initial DC magnetization as shown in Figure. 2A.
Thefeafter, the magnetic layer 3b of the lower master
information carrier 3 is brought into close contact with the
lower magnetic layer 2b of the slave.mediu_m 2. In this state,
a transfer magnetic field Hdu is applied in the direction

25 opposite to the initial DC magnetic field Hin as shown in Figure

2B, thereby magnetically transferring the information on the




10 information to be transferred is a negative pattern reverse to the
positive pattern shown in Figures 2A to 2C, the i nfor mexifyausta?oe
magnetically transferred to the slave medium2 by reversing the directions
of the initial DC magnetic field Hin and the transfer.magnetic field Hdu.
The intensities 15 of the initial nmagnetic field and the transfer magnetic
field should be determ ned taking into account the coercive force of the
sl ave nedium 2, the specific perneabilities of the nmagnetic |layers of the

nmaster i phetert iafoeArtieh daghdeihs ts!EWE 1@ MRZNnAG The yeBSher
information carrier 3 in accordance with the present invention wll be

descri bed fi fhdesPhve hddhi iRfEr engea #&siHi YUrastrmak i rePreQefCed | ,
herei nbel ow. The master information carrier 3 of the present invention is

provi dedpgnthé Si 1S dhAGE Wy BadBekhl YW hh¥ B2t {12FdnAdi SIERRESERE NY
information to be transferred to a slave nedium 2. The irregularity pattern

5 Lormed 9. 4hpta Hag gy dinba | U e AhSFRAUISY BRI Rabheedal erent i al

direction of a protruding portion at a distance R fromthe center

satisfiegayBe songl tdiphod 33 WATR e f@c& SIS Lirfiq MOETRID !@%@ﬁ%ﬁi@ﬁts in

[rad/sec] the angular velocity™ 5 of the magnetic recordi i um when a

signal igyrerd PitediPRitPSHIBAISH Bhrgg&gégi—'n%f TRl ﬁhtfsgmgg?ﬁﬁg?n:ti i

transfer and A T represents in [sec] a desired signal tine w

repr.OdUCEEQBiékg”ﬁby%\éeft%ﬁ‘sif@r@eHHQBeBbﬁﬁgii‘E@ LRS! biFoRy e Egh@@ N
corresponding - to an"interval between the ends of the 10 protruding portion
in the Chéﬁﬁ!{ﬁneégﬂhi&%l s$h8€bh8BusIPeor in sequence.
In the case where the irregularity pattern representing
10 information to be transferred is a negative pattern reverse
to the positive pattern shown in Figures 2A to 2C, the
. information can be magnetically transferred to the_ slave
medium 2 by reversing the directions of the initial DC magnetic
field Hin and the transfer magnetic field Hdu. The intensities
15 of the initial magnetic field and the transfer magnetic field
should be determined taking into account the coercive force
of the slave medium 2, the specific permeabilities of the
magnetic layers of the master informatioﬁ carrie; 3 and the
slave medium 2. | |
20 ‘The master information carrier 3 in accordance with the
preéent invention will be described in detail with reference
to Fi_gures 3, 4 and- SA to 5C, hereinbelow.
The master information carrier 3 of the present invention
is provided on its surface with an irregularity pattern
- 25 representing inférmation to be transferred to a slave medium

2. The irregularity pattern is formed so that the width I [nm]

10




value of a is selected within the range of 0.8 to 1.4 so that the width L
[nm is such as to obtain a desired AT froma magnetlé5 ﬂ:’@‘éﬁ‘a(?qf?‘g medi um
after magnetic transfer. The circunferential width Mof the recessed
portion is a value in 15 proportion to (w ATR) and the factor of
proportionality is readily determ ned when the shape and the
circunferential wdth L of the protruding portion are determned. In the
master information carrier 3 shown in Figure 3, the circunferential wdth

L1 of theprotiudungeRentian tereediod0oat 5 agi ot iR Llteacenter is
a( o) A TR1l) and the circunferential width 1.2 of the protrud| ng portion _

formed atqisaGicy a2 frioMHRe eoitles’ s'a%lé@WésTBge céhaitisy When

readi ng out a signal froma rragnetl c recording nmedium a reproduction

signal is geneILau A pgt.la,u \M{*j. %ectl ng magnetization transition
regions of a magnetl zatio pattern e rotating the magnetic recordi ng

|31 August 2006, FRdimaly A SONSLAN - ARAL AT chel Gy, ARGREdigal Y, Tn

3
order to obtain a pre reproduct’i on ‘si"gna Vet ormor

magnesi ¢ JreeRk g JBd tl@t:osstuhg n{lﬁfﬁﬁg@ﬁténtal‘éi Lhe wg@a&%& ftéstuwee“

nagnetlzatlon transition reglion magnet | atlon pattern are

- narroved ﬂh'?e 5Qnég9ﬁ é?é’ﬁ&g{’g%h‘i@&ndafté‘r AR5 GAA gc‘”thféhéfleer ahgsent

i nvention, protrudlng portlon e recesse portlons
tribut t I t t f

ﬁﬁﬁerto“b%*?a%e%er B VP B T S FgthoberaheTs ¢

| et easeq i el ohl srté,lﬁels%%e'fatrrﬁf Ml % nBRzaclRE s RpA ed as a

rectangle in Figure 3 he sha
- region corresponding to an interval between the ends of the

10 protruding portion in the circumferential direction. The
value of o is selected within the range of 0.8 to 1.4 so that
the width LI [nm] is such as to obtain a desired AT from a
- magnetic recording medium after magnetic transfer. The
circumferential width M of the recessed portion is a value in
15 proportion to (w<+AT+*R) and the factor of proportionality is
readily determined when the shape and the circumferential

width L of the protruding portion are determined.
In the master information carrier 3 shown in Figure 3,
the circumferential wieith Ll of the protruding portion formed
20 at a 'distance Rl from the center is of{we+*AT*R1) and the
cireumferential width L2 of the protruding portion formed at

a distance R2 from the center is o{w<*AT-R2).

That is, when reading out a signal frorrt a magnetic
recording medium, a reproduction signal is generally obtained
25 by detecting magnetization - transitrion r_egions of a

magnetization pattern while rotating the magnetic recording

11




top surface of the protruding portion need not be limted to a rectangle
but may be, for instance, a parallelogramor a trapezoifdA"qust?498order to
obtain a desired AT in a reproduction signal shown in the part of Figure
4 indicated at (a) , it is necessary that the transition regions 20 of the
magneti zation pattern in the slave medium2:is fornmed at intervals shown
in the part of Figure 4 indicated at (b) . The intervals Lo between the 20
transition regions 20 of the magnetization-pattern in the slave nedium?2

is w A EBdiE@O&'B% tha s !%%ﬁ%@ié@%tl%%'ﬁi .i Oﬂccéfﬁiﬁ%f%?Qﬂ Brhbe slave

medium 2 are torned according to the track direction ths (wdth in the

track di tgebien)pol LheaoPLeh{HEh NGhId NSO A0 ITBalRIrdi A QLBRL | On

carrier ervals between the transitionh regions 20 of the

Ci 7ot : L _ . : 21
P e e D A e R S g
Factors SosHean TRgmEE B el o e R b ok e o B L e o et
transfer o the,di 1 A0CE Belupen 1t Pq TaRkerLEBLALABA! Akl o qpd the
magne icprecor i ng e |un1w%$ﬂe degree of close contact thérebetween), the

shape of the. sprotr uding pRLtEonsApdibhentike. ASGOrdlRaly o¥ Lhethe track
af f e ‘Pug =a- Lo,

direction"w of pr ot rng portion taken as L[=a-l t he "val ue of
o Ut OBy Reluc UEAPRY S s 8 BELEenl MM 00 o
a plural ity Qh 2834es WU nQneRitheidndtibes9on regions are |
made to be larger as the radius of the concentric recording
iO track is increased in order to make such intervals. .Though,
being illustrated as a rectangle in Figure 3, the shape of the
top surface of the protruding portion need not be limited to
a rectangle but may be, for instance, a parallelogram or a
trapezoid.
i5 In order to obtain a desired AT in a reproduction signal
shown in the part of Figure 4 indicated at (a), it is necessary
that the transition regions 20 of the magnetization pattern
in the slave medium 2 is formed at intervals shown in the part
of Figure 4 indicated at (b). The intervals Lo between the
20 transition regions 20 of the magnetization pattern in the slave
.medj..um 2 iéw * ATeR. Though the magnetization transition
regions 20 in the slave medium 2 are formed according to the
track direction widths (width in the track direction) cf the
protruding portions on the master information carrier 3, the
25 intervals between the transition regions 20 of the

magnetization pattern in the slave medium 2 do not necessarily
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inawthin the range of 0.8 to 1.4, carrying out magnetic - transfer by the
use of the master information carriers, and 15 adopti ng 3 w9 r
information carrier fromwhich a magnetic recording nediumclosest to a
desired signal time wwdth AT in signal time width is obtained as the
master information carrier to be used in an actual magnetic transfer. The
shape of the protruding portions of the irregularity 20 pattern on the
master information carrier is varied according to using conditions such as

on ol osec6ankath wARRANald O AN albecLish W IBPHI BE LAY rge?ghﬂlg“&

and/ or the ) W In a crrcuanferentral directro rac

di oot OBtk IL) onobne RAQLLUILNBLARLEL OO <20 boesh Gl BARS AR fective

wi dth 25%a ormati on o ‘Traghet rzatT on "pattern h of

(e ManShLEgdauanl o Uieyoral il ag ROLCDe Toh QIGTRLE, i3t oL

2006 whe cross-sSectional "shape ™o e pr en al ong

o PLane SR S tetl o RaL el 0 D dactiahafl LR f1apk T

per pendi C e surface of "the npsfer _ ) be
oD RAEHERYs o PRarl SeLeri Lyt Bl SLOBRERE 0L BB e o
et oAb oIS B BB 10! e Stk poLdre top
croos sepsheanku b elof Bl yilog PRLLoR A SRR AmLe O
" oure SBsghiesphaRkath £ Bhe B0 Dohibi b0E hriaion el pmantle
trapezoi ghe value of o must be set. An optimal value of o is selected
10 within the range of 0.8 to 1.4.
Such a master information carrier can be produced by
producirig aplurality of master information carriers di fferent
in o within the range of 0.8 to 1.4, carrying out magnetic
transfer by the use of the master information carriers, and
15 adopting the master information carrier froﬁ which a magnetic
recording medium closest to a desired signal time width AT
in signal time width is obtained as the master information
carrier to be used in an actual magnetic transfer.
Ther shape of the protrudirig portions of the irregularity
20 .pattern on the master information carrier is varied according
to using conditions _such as on close contact, separation and
the like, manufacturing conditions, and/or the like. The
“width in a c¢ircumferential direction {track direction width)
of a protruding portion” as used here means an effective width
25 affecting formation of the magnetization pattern (the width

of the magnetizedarea) by the protruding portion. For example,
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and the extensions of the end Iines of the rectangle or the 15 trapezoid.
Further, when the upper surface and the end surfaces off1Ha'sH e udi ng
portion are curved as shown in Figure 5C, the track direction width L of
the protruding portion is - the distance between the intersections of the
tangents of the upper surface and the end surfaces of the protruding
portion. 20 Though the value of the track direction width of the

protrudi ng portion optimal to obtain a predeterm ned reproduction signal

}"ﬁ}’g‘;%mh%lnér{:gﬁgi%&%}%@%ﬁﬁﬁpg&%%%g?g@gﬁ@ gi?l ?’roér%) g\ﬁ%%ﬁ repr gcrjucti on
SLon S U, e oLt B Al s gEn B sgec by
The, SUbSIyRl i IS TP LIRSl eSS bdader
et s Ie S SBONEIAS, UPISIURY. BB LOLIRT Of Bgtgnce. of
Eieggi ?F,eﬁ\sqocfl}ljfgeit%ﬁde\{l’i[ng% aICI; f'g\lst§ iﬁgcgggpgigggggggb‘i a;ltfiéerr?gﬁfgit%foé’mylii eﬁig-'ér e
havi g TGTURIas The T APRRUFAr iy BATTer APoR ORE pater RPT EREY
PO 1L 08 OLLIATR 580 DEL QPG A JLOThENEELC I S K, G
formed on,AnaMPG 19888 O T £26t2uRIRG A6, AnB 8L E)und kNSt ance,
longitudinal cross-sectional shape of the protruding portion

10 is a rectangle or trapezoid with its upper portions cut away
at the ends thereof as shown ianigure 5B, the track direction
width L is the distance between the intersections of the
extension of the upper side of the rectangle or the trapezoid
and the extensions of the end lines of the rectangle or the

15 trapezoid. Further, when the upper surface and the end
surfacesoftheprotrudingportibnarecurvaiasshowninﬁigure
5C, the track direction width L of the protruding portion is
the distance between the intersections of the tangents of the
upper surface ana.the end surfaces of the protruding‘portion;-

20 Though the value of the track direction width of the
profruding portion optimal to 6btain a predetermined
reproduction signal waveform differs with the shape of the
protruding portion, a master information carrier which can
provide slave media from which reproduction signals of a

25 predetermined waveform can be obtained can be produced by

selecting the value of o from the range of 0.8 to 1.4.
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15 by spin coating, and a | aser beam (or an el ectron bean) nodul ated
according to the servo signal is projected.onto the phot!ldWeEtPds | ayer
while rotating the glass plate so that the photo-resist |ayer is exposed
to the laser beamin a predeterm ned pattern, e.g., a pattern of servo
signals each 20 extending in a radial direction in one track. Thereafter
the photo-resist |layer is devel oped and the part exposed to the |aser
beamis removed with an irregularity pattern of the photo-resist |eft on

mmcrxre bl at ohe A EMN 00 Mioudec B b Kol 8o N BHR AR e L 00 i ve
nugust 2065ReB ot T Eahler it REckaf, Bt ST B RedTae®d master
formng ronffi cketarlTRy & SHURSS RO | IPE BarBgetRetis’ ¥
rreoulasy oal S o esieen  Gherit s, he T 1 el ated 1o
S TIL T a
tee b DTV FIRLGCER el i LY o T
%orned b?at?ﬁﬁ?ggthgjﬁ?agg?%lﬂﬁgnﬁ%fﬁ ;ﬁeﬁFred%¥%%i?9dp§?¢%$ﬁy36? t he

photo-resist to ke holes.in the glass plate, and a 15 base sheet may be
f or ned b?sPﬁglﬁéggo?r?ﬁgrﬁE??rx in the manner

The substrate of the master information carrier having
10 thereon the irregularity pattern or the pattern of the
protruding portions can be formed, for instance, by the use
of stamper method or pho'tolithography.‘
For example, a photo—resist layer is first formed on a
smooth glass plate (or a smooth crystal plate), for instance,
15 by spin coating, and a laser beam (or an electron beam)
modulated according 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
20 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 irregularity pattern of the
photo-resist left on the glass plate, thereby obtaining a
matrix. Then the surface of the matrix is plated
25 (éledtroforming), and a Ni substrate having a positive

irregularity pattern is formed on the matrix and separated from
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descri bed above. The substrate may be fornmed of netal such as Nl _or N

al l oy as described above, and as the aforesaid plating FPOrUMHEng t he
metal substrate, various netal filmformng 20 techni ques such as

el ectroless plating, electroformng, sputtering, and ion plating can be
enpl oyed. The height of the protruding portion (the depth of the
irregularity pattern) is preferably in the range of 50 to 800nm and nore
preferably 80 to 600nm Wen the irregularity pattern represents sanple 25

Servo i gl fateag Ofhi ML BUOENLLBOABOE 1iQNSa | Sd g&;e?]g\ugu Ry | onger

sides in a radial direction of the substrate an

shorter SR nldt idrfidLWisr i indly ‘ilier dd PPl Thf\éy}?t{atlo%e
s, eac

irregularity pattern represents sarrp e servo signa

prot 1 udi ngfaidd A cirS epERLRE D64 05 ght mgn%'tT}}.éQFEh&dfb'&% 343 and 0.05

to 5min the shorter sides. The SO ayer e *f'6rmed on

the i 1raGUel oAl 1 Dec¥ankayy ¥AeHUR LLmyLa gy techni ques or

pl ati ng method such as vacuum depos Sputtering, ron plating and the

like of magnet perERYELLA Ehﬁxaw%gkgggsb%f Ell%@g B! ;ggﬂl“%“%co er 3b is

pr ef er abl y 50 to 500nm an nor e fera preferred

that a prgkeati Xaafidnsuehads afi, PGy Isgfparcggc%gg l;{@kfeor%nag%ou%e 5. gggy: ded on

the soft magnetic layer on the upper - sur he protr

lubri cangavhavers My é”if'f a‘?f’iﬂ? 89 Lpg prafeciiye il g‘
E | ded bet w%eftr e soft

rei nforcenent 7|l ayer S uch as a a er € prov

magneti cplyetk 489 HHEHRILEY Lyfaéillu_?fh% eRRangeL L P8« or pressing

- a resin syrupl 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 layer may be first

formed by etching the glass plate with an irreqularity pattern

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

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

The substrate may-ba formed of metal such as Ni or Ni

.alloy as described above, and as tha aforesaid plating for

formi-ng. the metal substrate, various metal film formingl

20 techniques such as electraless plating, electroforming,

'sputfering, and ion plating can be émployed. 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 representa sample

25 servo signals, each of the protruding portio‘ns is rectangle

having longer sides in a radial direction of the substrate and
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contact therebetween. The lubricant |ayer suppresses deterioration in
durability of the soft nagnetic |ayer, such as scores dldugetEPict i on,
whi ch occurs in correcting for a 20 shift generated when the soft magnetic
| ayer is brought into contact with the slave nmedium 17 31 August 2006
CLAIMS: 1. A master information carrier for magnetic transfer having on
the surface thereof a concentric irregularity pattern representing
information to be transferred to a 5 disc-like nagnetic recording nmedi um

at east slertop saUelates Alrduirdi i 208014083 e Ll ' el arity

pattern being ( magnetic naterial, In I Aproveneh
o i n ot peteporant FE P FBRELRLRe: BB e R i Bhn Jae ¥ st ance
el SR8 ShL e "SRR Y B2 Y
recordi ng, nedi um when a si is yead,out. fro 5 the magnetic recording
medi um af t€t° The’ egsne@tq(i qg‘;%stf%_rg‘éﬁ‘d}ﬂ %h?eﬁﬂ]‘égéﬁ’fs??ﬂefsec] a desired
sranab {1 w du olop LERRac g0 sional avelel Mg egelgal | on
o e PO PIRLL A ek L ELEDL Akl S8R e MR
Srane oF SE S L PACH LR s S 18BYs B PLAN S LAY, i
plating and the like of magnetic material. The thickness of
the soft magnetic layer 3b is preferably 50 to 500nm and more
10 ﬁareferably 80 to 300nm.
It is preferred that a protective film such as of DIC
(&iamond~like carbon) be provided on the soft magnetic layer
on the upper surface of the protruding portion. A lubricant
layer may be furthef provided on the protective film. A
15 reinforcement layer such as a.Si layer may be provided between |
the soft magnetic layer and the protective film to eﬁhance the
contact therebetween. The lubricant layer suppresses
deterioration in durability of the soft magnetic layer, such
as scores due to friction, which occurs in correcting for a

20 shift generated when the soft magnetic layer is brought into

contact with the slave medium.
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direction of the track in perpendicular to the surface of the naster
information.carrier is a rectangle or trapezoid and the ZBUGHYESi n a
circunferential direction of a protruding portion, is the width in the
direction of the track of the top surface 18 - ------- --- ------- 31
August 2006 of the protruding portion. 3. A master .information carrier as
defined in Cdaiml wherein the cross-sectional shape of -the protruding
portion taken along a plane extending in a direction parallel to the 5
direction gfyfjae track in perpendicular to the surface of the nmmster
information carfier is a rectangle or trapezoid with its upper portions

t fca rapezoi d wit| r_portions
of o protrudi ngt port PBACEE ThESHR LI ke Fof, bR e e e The ™

oxt onai onBSVHHOT pE HIRT R B TIPS B LERRSEELA P 1P

i'nes“o g€ rectangle or the trapez 31

August 2006, , MASTER | NE Tl FOR_MAGNETLC T. ABSTRACT CF
THE DI SCLE%EJFQ%IIA ﬁggtreeﬁc(%ﬁ?&g%q%aﬁqn& orggna%%aé?l C rg(rli{s ar has a

COMCCI {5 bELERUL 3l 81 LELR SRLSRERL LD 0 LRGN L sfeciganst r e
oLV gL L R e LS 2 e BELESL o8 LopES gt MBPL S
cireunf ergntfal o diecti onyol 3,000t fuding, PRILLON el SLADSEE [T
| that
the irregularity pattern is formed so that the width L
10 [nm] in a‘circumferential directi_on of a protruding portion
at a distance R [nm] from the center satisfies the condition
I=c({we*AT*R), 0.8=0=1.4,
wijlerein o represents in [rad/sec] the angular velocity
of the magnetic recording medium when a signal is read out from
15 the magnetic .recording medium after the magnetic transfer and
-AT represents in [sec] a desired signal time width of a
reproduction signal waveform in a magnetization transition
region corresponding to an interval between the ends of thg
protruding portion in the circumferential direction.
20 2. & master information carrier as defined in Claim 1
wherein | the crossﬁsectidnal shape 6f the protruding portion
taken along a plane extending in a direction pérallel to the
direction of the track in perpendicular to the surface of the
master information carrier is a rectangle or trapezoid and the

25 width in a circumferential direction of a protruding portion,

is the width in the direction of the track of the top surface -
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the center satisfies the condition 10 L=a(wATR), 0.8<a: 1.4, wherein w
represents in [rad/sec] the angular velocity of the magHeA s 288 r di ng
medi um when a signal is read out from the magnetic recordi ng nedium after
the magnetic transfer and A T represents in [sec] a desired signal tine
wi dth-of a 15 reproduction signal waveformin a nmagnetization transition
region corresponding to an interval between the ends of the protruding
portion in the circunferential direction. FIG 3 20 :

of the protruding portion.
3. A master information carrier as defined in Claim 1
“wherein the cross-sectional shape of the protruding portion
taken along a plane extending in a direction parallel to the
5 “direction of the track in;perpendicular to the surface of the
master information carrier is a rectangle or trapezoid with
~its upper'poftions cut away at the ends thereof, and the width
in a circumferential direction of a protruding portion is the
distance between the intersections of the extension of the
10 upper side of the rectamjle or the trapezoid and the extensions

of the end lines of the rectangle or the trapezoi'd.
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