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-calsl ed servorHi=Gkivaatibachaigueshas ab%%t%@hﬂrsﬂu?ti‘oﬂréﬂri& perform -

the servo tracking, it is necessary to wite servo Information such as

servo 1 rackingi:s 0Raleseber ag® MOMJIINING (Becdata LACkS Al s Signals

for the data tracks and reproduction clock stgnal's on the magnetic
protruding portions and recessed portions) representing the

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 meriium 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 empleyed.

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

tracks and reproduction clock signals on' the magnetic -




31 August 2006 recording nmediumas a preformat upon production thereof. At
the present, such preformat recording is perforned by the AvgEst 2646 5

speci al i zed servo recording apparatus (a servo track witer). However, the
preformat recording by the conventional 5 servo recording apparatus is

di sadvantageous in that it takes a long tine since the servo information
must be recorded on the magnetic recording nmediumone by one by the use of
a magnetic head, which deteriorates the productivity. As a method of

recor di ngreédverdiref medatumaas uz gimd fommok ubdneprbeuedibl, théeeSf hagtbeen
‘proposed, for instance, in Japanese Unexam ned Patent Publication No.

63(1988) -1I83628seand 4hh Raifrndio reto?3dinglfs prrreaneld Byt flansiser net hod
in which a pattern which is forned on a master information carrier and

representaf serswecidbiied | 98rvs eepbedihg approAehs C (45 seeqer dimgrmedi um (a
sl ave nediun) by magnetic transfer. In the magnetic transfer, the

magnet i zatnidreryat t BoWeveepreRept & Agrvde redb@EiRYIHNtLE DnverivRal
information) <carried by a naster information carrier is magnetically

trans$er reedvior esTbheingsmat Aty et H0Ba @M Rt £Fedits ArStaKe 20 tagdisum by
applying a transfer magnetic field to the slave nedium and the naster

i nfor mat izpnong ¢liesestnbbatheWsbthveaLhrOtheFion AL RHOEMdeq bhe
information carried by the nmaster information carrier can be statically

recor ded thie hagnet &y eecordi HmMdinu Bee 8l Ghd ¥Q HIRShEL UF Delweerithe master
25 information carrier and the slave nedium kept constant. Thus, according
to the magneli whiicangbeeribhatpsetaenpirobaeel dipg. -
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




2 31 August 2006 can be perforned accurately and the tine required for the
preformat recording is very short. The master informati oH A4§F§28% used in
the magnetic transfer disclosed, for instance, in U S Patent No.
6,347,016 5 has an irregularity pattern (a pattern of protruding portions
and recessed portions) representing information to be transferred to slave
media and at |east the top surface of the protruding portions of the
irregularity pattern is formed of nagnetic material. By magnetic transfer
by the ussmmfbeuséridrmepattenpatebpstad thbomTRe Gefafd®Iford the

magneti zation pattern corresponding to the irregularity pattern on the

mast er i ndmgfiatiain eatordEimg Sid aramd ivdthe sl ave nedia. In the magnetic
transfer, the reproduction signal waveform obtained fromthe slave nedia

to which the Themagnsid ainOsrmaties Nnchsriéangbenr a6 fuMidmdmst er
information carrier, that is, whether the reproduction signal™ waveformis

of a desiteth=gd 8isdeoasd, Fdteshsednpel i0fu.5S pd i@y kaNte, L ofdese
i nventor's, investigation has revealed that 20 the reproduction signal

wavef 8r miapemai rbgnel 4 £1 € peRItdidie, (AR e abla pedtPydaihg sRanglis

transfer depends upon the shape of the protruding portions of the
i rregul ardrgy Q@E:b%rs@don%ab&Qioﬁ%iiteﬁ:eb@é@éﬁ’ﬁih?n ERESLRALiIONE ST gRgth of

the transfer magnetic field, the distance befween the master | nformation
25 carri eraainddritedstavel 408 ndniE Baadegnee sef thk ash cUMACk of the
pfotruding portions of the irreqularity 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




t herebetween), and the like. The anplitude of the 3 31 August 2006
reproduction signal waveformis related to the signal qulAuyst2p&y N), and a
certain strength of the transfer magnetic field is required and the '
di stance between the master information <carrier and the slave nmedium
shoul d be as small as possible 5 in order to obtain a good signal quality.
Various shapes of the protruding portions of the irregularity pattern on
the master information carrier have been proposed in view of using
condi ti ongpeeRLREiBA £G5S GRARIAm SEPALALL KCeauali
manuf act uri %g condilti ons; and/ or tr%nﬁlgke.f%ﬂnéwaﬁ?l S %%gglgfalilgu?%éty
protrudi nqspRlti QA 4t 1 Cl,leVEy WM j M =Te3 of the
racks.  roaubr 203 S sEr ook Er by En' Gl b B AT Bl
direction;af .thgitERC i L r iadi i 0; uction
si gnal wa\lleflc:)rﬁl luﬁﬁeﬁd%e rcg%?to%g%% |k§%v§el%g{n§?gv\gl\%%¥8r£rﬁ%ggrlhgglié)lgd 15
peri odi ci : ordin %p&i racy of k ecordi ng
. Eérr&@? LRSS gﬂé ia\ggpr\qr?y, an%hc?lfﬁ‘]' [oa %ﬁ smra § a%f%é!t%lé

mediumis deteriorate speci a € 1 nformation ransferred

52 S VoL pIak. o6 LI PRLALTIGES 151 C0ARLE, SMILSH en resul
st et | nLgETRLLORGRETSEBOLED 811" LB TRIBRE, S5LLeD. oLt o on @

repr Oduc't'ﬁggtékq}%o%vﬁ]‘oq{ g‘ag%gegeha%% iene%dp.roposed 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 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.




~fromthe magneti'c recording nmedium 4 31 August 2006 |In accordance -with - -
the present invention, there is provided a master inforndtAuustd@0¢ier for
magneti c transfer having on the surface thereof a concentric irregularity
pattern representing information to be transferred to a 5 disc-1ike

magnetic recording medium at |east the top surface of the protruding
portions of the irregularity pattern being fornmed of magnetic material,
wherein the i nprovenent conprises that the irregularity pattern is forned

so that the width hccd@dhie i4ieh CheUH TGN al ndineshhon gfe A psot ruding

portion at a distance R[nn] fromthe cCenter satisfies the condition

L=a(WOTR) , fRof¥i@ed 4 ndBeLE Dnearhgei g eod i} [fo@ﬁgggkt&%etﬁgggg% ‘rom

velocity of the nmagnetic recordi ng nedi umwhen a si iI's rea

15 the magmgliigg’ €GP €hAY %%géé% aft?lggeggevﬁw%&?%é{@nigfgé8@??5%t%i gnal

represents in [sec] a desi signal tine f epro

wavef of m | Bad (ERANGIIZALIAN. LEANSEELOR. 1SR R0 SR T g3RRAGENG Lo an | nterval

between the ends of the protruding portion it e circuanrer _
ditection aGcThakeliaglél oo dmalennd LA Lom satt | oo op TRgReLLe |
accor ding P& ThS ao s Mol Ol B Phe e e RO R REmhene 08 i 1 1
the value @hrRedof magneticmaterial, wherein the improvement comprises '
that
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.




25 selected to an optinmal value within the range of 0.8 to 1.4 according
to the conditions such as the shape of the protruding 5313 ugngigl@t 2006
portion, the strength of the nagnetic field applied upon magnetic
transfer, the distance between the master information carrier and the
magneti c recordi ng nmedi um (the degree of close contact therebetween)
and/or the like, so that the signal tine 5 width of the reproduction

wavef orm reproduced at an angular velocity of to is of a desired value in

all the trpeksiodfethw ddrdrytd Gbf CHRt eﬁﬁﬂhé@hcd%%?ﬁngﬁ 10 PgOL udi ng

portion" as used here nmeans an effective wdth af ormation of the

magnet i zat in9gnPed & rAnGERe , Wik B30t ahhe KO JIRINELL %r&t%t%&e]?ﬁf(gé’ fn
I wh ctional s

protrudi ng portion. For exanple, en the cross-se aIF)ée of the
pr ot rudi ng i : r;%}g, 8L &{H]i i i i allel,
to the di rggf%%%]?%cﬁlftdaitfﬁgr%%ac _|cﬁr%grag_§ﬁﬁgcu arlﬂ[?éltpﬁgiési%fr?eegégo é;]ch%e
master | nbGheRLE Shei R Feckili LhdPEr THEP Vicl S8 LG h AT 1oh0¢: + R

| ongi tudi nal cross-sectional shape", hereinbeld I'Sa reclgangl e or

trapezgj d, i fen &1 qGfd ‘i%g‘i‘o%&éi?nt Qﬁv@‘fg%ﬂ ;:prt%aﬁcghr \Aﬁte‘ir‘ﬁ P%lggufar}e track

of the top surface of thé protruding portion, er eas

| ongi t udi “@él&éfa)%g'éf 'nale SPapssi,0lq AR r Qb Udhng Rontlon J s a

rectangl e .or tr zold with its upper portions cutaway at t'he ends
e el e oA WIESER LT, st 0 B LS, L EERRRI o0
extensi ons, Ofy #43pr e Lis08S 1rd NE Lt A09LELRLLE DS WidRSZ U Frecting
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
15 | 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 pértioﬁ 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 of
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




In the master information carrier of the present 25 invention where the
width L [nn] in a circunferential direction of a protrddifgus$éfds on at a
distance R[nn] fromthe center 6 31 August 2006 satisfies the aforesaid
condi tion, the reproduction signal waveform obtained fromthe slave nedia
to which the nmagnetization pattern is transferred fromthe master
information carrier can be of a desired anplitude and a desired 5 peri od.
Especially, when the infornmation to be transferred } is a servo signal,

the accursaey i dherHd aotd kSRl Worichi 1 183, 0Mafl rd ddt(io(ngs' nHp (=a) is
smal l er than 0.8, the longitudinal cross-sectional shape of the protruding

por i on Y@ vasirzbe o iaRer Oisohaving SYILLET Sitdya | NSl 1 R N dhicnes Tn

order to obtain desired periodicity of the reproduction sign

makes it jGRAERLIEA]IdY Pt t 10 QNSH{Er - r I el mﬁ@%ﬂ E@%&%Bff

recessed portion between protruding portions. Further R).(=a)

is |argernifamakibn artier 320 HES ABYURELI G d gxgigfif@éé ﬁ%@t%tdre%qqteﬁened or

the di stance between the master information carrier a e sl avée nedi um

must e ephaiged EBpRRIgH 14O éﬁiﬂhe%dﬂ;l_f@ﬂnﬁ.19déoCi1)teyt%fan%rfn%§:tr§Fi

reproduction signal. Howevéer en t stance between the

i nformtijQn 4 ] G e ve Jedi i Se € Iy t npl.i_t ude of
t he reprégucét:?%%fﬁsg%g n%?'ea?b?l gleteriag::pati%,Pﬂ?hg?g?ﬂé?g?hgggiganéls qual ity
greatly debeiki@tes. BRIEF DECRI PTION OF THE DRAW NGS

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 :DECRIPTION 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,




Figure 1 is an expl oded perspective view of a doubl e-sided slave nedi um
and a pair of master information 25 carriers carrying tHRéWeER299% or mati on
to be transferred to opposite sides of the slave medium 7 31 August 2006
Figures 2A to 2C are views for illustrating basic steps of magnetic
transfer, Figure 3 is a plan view for illustrating a master information
carri-er in accordance with an enbodinent of the' 5 present invention,
Figure 4 is a view showing the relation between the reproduction signal

wavef or m obt ai resdnfrie@mehhes TRYRHE ¢1eh8CdiNT LEBELYIhglhes fRgIRkIZat i on
pattern of the magnetic recording nmedium-and the |rregular|ty pattern on

the mast eff wdyrddid tdyraarrier, and Figures 5A to 5C are views show ng
exanpl es of the cross-sectional shape of the protruding portion on the

master i nfor matiig@ReCar fiseh. PIEECRHRY @HrOE;LIHEtE@EEEﬁBRE%EQ@ | MENTS 15

Magnetic transfer for transferring information on a ster rnformation

carrier tﬁm@ﬁﬁ@é&%d@@r&@e&”&%%h‘érdéﬁeerGiE‘H é‘E‘Pdér#BBdl‘éﬁéﬂt e fth]EaSt

described in brief. As shown in Figure 1, a pair I eces of ormati on
are tpansgiesdact i PRRRs,t e sides of a magnetic recordlng medi um (sl ave
medium) 20 2 froma pair ‘of master information carriers 3 and 4. The

magnetic recor ijRgreedi 4 2 k3 ed 3GihhKendRg0eLEEon between the

reproduction signal waveform obtained from the magnetic:
recording medium,‘the magnetization 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




recordi ng nmedi um such as a hard disc or a flexible disc and rises a

di sc-1i ke base sheet 2a and magnetic layers 2b and 2c f%r%ﬁﬁtagg)%pp05| te
sides of the base sheet 2a. 25 The master information carriers 3 and 4
conprise substrates 3a and 4a having irregularity patterns (e.g., servo 8
e R - 31 August 2006 signals) representing
information to be transferred to the mnagnetic |ayers 2b and 2c of the
magnetic recording nedium2 and soft magnetic |ayers 3b and 4b provi ded

al ong t heyj drl189Ul ek RALLRY N QI8 PATS %Jéeq_lx%n%&‘ g0 thgough the

magnetic recording nediumz2 i's away fromthe rmaster: OI’ITB.tIOI’l carriers 3

and 4 i Eigng L B8 sTBENSLECoc | Y S 2D age%ﬁ, -8t %&fngﬁlglﬁéhf r ecor di ng

medi um 2 ar’e brough Into close contact e So ayers 3b

and 4b- ofynd he, FRSLEly ﬂé'g EIY%E_L SCagligrs 3 @n%r%lge(frgl (goqt%g to the

10 soft magnetlc Iayers of the mas nfor ion arriers 3 and

4inthe magyltawtﬁp%%fteﬂﬁ,e% RehaGel BRABLE 3o 3nfckyal |y carried out.

Basi ¢ steps magnetic transfer ormation Sl ave medi um

(regnt | o' econslbignnedh ylid | fﬁ%gbéﬁg i %’“h AlELCERgE Lo Fi gures

2A to 2C, hereinbelow. ures nmagnetic | ayer

2b is Sh%mé;nlh@bmg Pféw%gpd% giirp Sgufr'efft ﬁpeolm g,@.ﬁttact he

sl ave ne inone |rec ion para réecorlin t.her eof ,

thereby nagneti zj,ng,d4 be JRIRGLAEGH YL r%Eo%themééM 2 are brought

into close contact with the soft magnetic layeré 3b and 4b of
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




20 medium 2 in an initial DC nmagnetization as shown in F| ure 2A
Thereafter, the magnetic |ayer 3b of the | ower master 3@9%%??%% carrier
3 is brought into close contact with the |ower nagnetlc layer 2b of the
slave medium2. In this state, a transfer magnetic field Hdu is applied in
the direction 25 opposite to the initial DC magnetic field Hn as shown in
Figure 2B, thereby magnetically transferring the information on the 9 31
August 2006 master information carrier 3 to the |ower magnetic |ayer 2b

of the shakeeedh@BrRatAbnachesibl, 3i £ OFRELI e F Qﬁrﬁ'ﬁ,ﬂﬂtce(iayléi' bhe
irregularity pattern on the master information carriver (e’g., a servo

signal) g thansigvs asedDuk e, | AWes FEONEE ) Cu?fdﬁwaedlo%@r%réae%eun Figure
2C. The information represented by the |rregu|ar|ty patterns on a pair of

mast er 'B WAt Qe gt tef §>a'ﬁ“&)érﬁeoﬂ tMShEEEe? {QrORROSIdf cardegrof the
sl ave iumeither sinultaneously or.in sequence. In the case where the

i rregul ael w §aj t@%’éﬂv%%@@ﬁﬁl?]nﬂs thQ oS He Rt 'tBntHﬁ Reedy aagheried is a

negative pattern reverse fo the positive pattern shown in Figures 2A to

2C, the 1.9ber PBLI 9NsicAM 06 TGRSt sal | yrﬁé qr}?éc?xfﬂaeaérprte%ﬁgleﬁ*éed medi um 2

by reversing the directions of the initial DC magnetic fie H'n and the

transfer b?ﬂgﬁétiﬁré#ﬁéjrf@}' palii@ i %ﬂséh%ﬁfd]%f %(féﬂlﬁ: L Risbi-AL cBANet | C

field and"the tran magnetic field termned taking into

account EB%ri@%ECinﬁg bar ‘E%an%%e&?@ds'tév‘épﬁgg'l‘ﬂ@ %1 dReoFPERL! kG ave
perneabilities of the mgnetic |ayers o he master intfornmation carrler 3
and the medium either simultaneously or 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




sl ave nmedium 2. 20 The master information carrier 3 in accordance with the
present invention will be described in detail wth referfdfveustedoe gures 3,
4 and 5A to 5C, hereinbelow. The naster information carrier 3 of the
present invention is provided on its surface with an irregularity pattern
25 representing information to be transferred to a slave nmedium 2. The
irregularity patternis formed so that the width L [nm{ 10 31 August 2006
inacircunferential direction of a protruding portion at a distance R

[nn] fromd he ﬁ@&hﬁrfe%@wtifauea:.&»@etqgﬂdbkl N T AL &:&oﬁﬁ z%lad

wherein wrepresents in [rad/sec] the angular velocity 5 of the nagnetlc
recor di NGy iRANHED W ehnd FrenalcHes cre@ﬁ‘éro%tatle.rs?%st BRe"BIAAY tgo{lecord' ng

medi um after the magnetic transfer and A T represents in [sec] a desired

signal tinme mnng feAr gpqpthQﬂ Sk gnal waveformin a magnetization
transition region corregg ng to ah i nterval between the ends of the 10
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det er m ned en t erentl a
protrudlqupq@Bfg%égg%C¥§efgégfda desired signal time width of a

reproduction signal waveform in a magnetization transition
region corresponding to an interval between the énds 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 width.Ll of the protruding portion formed
20 at a'distance'Rl from the center is of{w * AT*R1l) and the
ciréumferential 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 froﬁ a magnetic
recording medium, a reproduction signal is generally obtained
25 by detecting magnetization -transiﬁion :egions of a

magnetization pattérn while rotating the magnetic recording
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In the master information carrier 3 shown in Figure 3, the circunferenti al
width L1 of the protruding portion formed 20 at a di st 3hEEIRIZ%om t he
center is-a( o) A TR1l) and the circunferential wdth L2 of the protruding
portion forned at a distance R2 fromthe center is a(wA TR2). That is,
when reading out a signal froma magnetic recording nedium a reproduction
signal is generally obtained 25 by detecting magnetization transition
regions of a nmagnetization pattern while rotating the magnetic recording
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necessar

the intervals between magnetization transition 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 * AT*R. Though the magnetization transition
regions 20 in the slave medium 2 are formed according to the
track direction widths (width in the track direction) of 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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that the transition regions 20 of the magnetization pattern in the slave
medium 2 is formed at intervals shown in the part of Fi3Jdweusi294di cated at
(b) . The intervals Lo between the 20 transition regions 20 of the

magneti zation pattern in the slave medium2 is w A TR Though the

magneti zation transition regions 20 in the slave nmedium 2 are forned
according to the track direction wwdths (wdth in the track direction) of
the protruding portions on the naster information carrier 3, the 25
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magneti Cdirection width L of the protruding portion taken as L=o*Lo,

the value of o must be set. BAn 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 from 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 circumferential 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,

13




recordi ng nmediumclosest to a desired signal tine wwdth AT in signal tine
width is obtained as the master infornmation carrier tof&ug&tddion an
actual magnetic transfer. The shape of the protruding portions of the
irregularity 20 pattern on the nmaster information carrier is varied
according to using conditions such as on close contact, separation and
the li ke, manufacturing conditions, and/or the like. The "width in a
circunferential direction (track direction width) of a protruding portion"
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in the diyecti.on,.of .the track of the top susface of. the protr.uding
port i 8n. AEHEAR N ERE 0 BRETLGH Ral ShPBYer i GHLTe Kitkbe &7 fne
protrudin orti.on 10 is_a rect.angle ,or trapezoid with its, upper. portions
Pt vy o EE FRePebPTas Rhoitrh Hganetst Phe EPACRTaCRoct | on
width L i n_ the.i.nt.ersections of the n of the

upper si %%%[f?ésivggign Ielteso %H"elcﬁhaﬁé’zgﬁa AT &% etﬁ%(qt %%Eic the end

Lines of &f‘%h%eé:épa%%'r%a%% cEP%he protruding portion, whereas when the
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
surfaces of the protruding portibn 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 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 trapezoid. Further, when the upper surface and the end surfaces of the
protruding portion are curved as shown in Figure 5C, thdARERIWi rection
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 w dth of
the protruding portion optinmal to obtain a predeterm ned reproduction
signal waveformdiffers with the shape of the protruding portion, a naster
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.especially preferable.
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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snooth glass plate (or a snooth crystal plate), for instance, _15 by spin
coating, and a | aser beam (or an el ectron bean) nodul at é’dAéEE‘(',S(S?_QﬂGng to the
servo signal is projected onto the photo-resist layer while rotating the
glass plate so that the photo-resist |ayer is exposed to the |aser beamin
a predetermned pattern, e.g., a pattern of servo signals each 20
extending in a radial direction in one track. Thereafter the photo-resist

| ayer is devel oped and the part exposed to the |aser beamis renoved with

an i rreguin by rRalt efie ofi LS stPReEOaLESE Sls hsgtz%g%ste*aeagl g%%sgqeaé <,

t hereby obtaining a matrix. Then the surface o e matrrx is ated 25
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pattern is formed on the matrix and separ at from ugust 06 the
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carrier or nmay be used as a nmaster mation “carrier ter Tormng a

sof t nagrl%tyie(% Iaq)bglrg and z_aLrge%qg&!iﬁ,ngl‘,:@%grgﬁéggge%g_g?hrregul arity pattern

as desired.” 5 Oherwi se, the nmatri y b ofma second matrix

and the second Rk sERY + I far e +sh having a negative
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matrix and 10 curing the resin syrup, ase shee aving~ a positive
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‘matrix may be formed by plating the second matrix 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-bg formed of metal such as Ni or Ni

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

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

20 techniques such as electrﬁless 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 represent;s 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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formed by etching the glass plate with an irregularity pattern_ of the
photo-resist to nake holes in the glass plate, and a 15316¥8&t8Wet nay be
formed by the use of the matrix in the manner described. above. The
substrate nmay be formed of nmetal such as Ni or NI alloy as descri bed
above, and as the aforesaid plating for formng the nmetal substrate,
various netal filmform ng 20 techni ques such as el ectrol ess plating,

el ectroform ng, sputtering, and ion plating can be enpl oyed. The hei ght of
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plating and the like of magnetic material. The thickness of
the soft magnetic layer 3b is preferably 50 to 500nm and more
10 ﬁreferably 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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(di anmond- | i ke carbon) be provided on the soft magnetic |ayer on the upper
surface of the protruding portion. A lubricant [|ayer med)Aeusté&?¥Pher.

provi ded on the protective film A 15 reinforcenent |ayer such as a Si -

| ayer nmay be provided between the soft magnetic | ayer and the protective
filmto enhance the contact therebetween. The |ubricant |ayer suppresses
deterioration in durability of the soft nagnetic |ayer, such as scores due
to friction, which occurs in correcting for a 20 shift generated when the
soft nagng%bﬁ ayer is brought into contact with the slave nedium 17 31
August 20 AIMS: 1. A naster information carrier for magnetic transfer

having on the sprfaCq LOGLeRl BrfOREORILIs ddy SoW Abkhr 1Rt Eel ey

representing inforiation ransterre e nagnet’i c.
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| formed of magneticmaterial, wherein the impro.vement comprises
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 @ 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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A T represents in [sec] a desired signal tinme width of a reproduction
signal waveformin a magnetization transition region coth¥gp8REd%hg to an

i nterval between the ends of the protruding portion in the circunferential
direction. 20 2. A master information carrier as defined in aiml

wherein the cross-sectional shape of the protruding portion taken along a
pl ane extending in a direction parallel to the direction of the track in
perpendi cular to the surface of the master information carrier is a
rectangl e.prot ' 259 width in a circunferential direction of a
pr ot r udi n%Pp%IHiaf%ﬁc,}ﬂ#hsﬁﬁé%d]t in the direction of the track of the top
surface 18 - -—;--53-:- -z- -x-2--- - t. 20 .1h rudi ng - _
portion. 3. A r?ﬁst%rm?ﬁ 8‘Fnlﬁ?|f%%m%§j%°rlf\g%%§:sle eggng%%l&le%%%]f%dmﬂerei n the
Cr 0Ss-sect, | shape of _the tr udi ortl t aken_al ong a.pl ane
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~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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MASTER | NFORVATI ON CARRI ER FOR MAGNETI C TRANSFER ABSTRACT OF THE

DI SCLOSURE A nmaster information carrier.for magnetic tratdfeystged a
concentric irregularity pattern representing information to be transferred
to a disc-like magnetic recording medium The 5 top surface of the

protrudi ng porti f i l.arit attern is fornmed of magnetic
material . The i 4\3533%5 erf)h&{ﬁeﬁmqpﬁﬁkﬁ%ﬁ@%MﬂGﬂEﬂngﬂmﬁER [nn] in a
circunferential direction of a protruding portion at a distance R [nn]

from the center satisfie (4 = R), 0.8<a:1.4, wherein w
Sedig AN eﬂgtijqq&;'ug)% )

represents in [rad/sec] the angul-ar-v tfle magnetic recording
the maanet ot anarer En iR AHH SRARASE Pofotyrel fed T arohar ti e
D o o5 SEpB AR AR, MRLEL LD o aanst B o sl o
portion i -r'f)et @%aﬁi.srf%%%grteong gilsgligﬁéin?anQneﬁzli% rgcgz(:)ding medium. The
5 top surface of the_prétruding portions of the irregularity
patterh is formed of magnetic material. The irregulérity
pattern is formed so that the width L {nm] in a circumferential
direction of a protruding portion at a distance R [nm] from
the center satisfies the condition
10 L=ot{w+*AT*R), 0.8=Zc=1.4,
wherein o represents in [rad/sec] the angular velocity
of the magnetic recording medium when a signal is read out from
the magnetic recording medium after the magnetic transfer and
AT i:epresents_ in [sec] a desired signal time width of a
15 reproduction signal waveform in a magnetization transition

region corresponding to an interval between the ends of the

protruding portion in the circumferential direction.

FIG. 3
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