. !EFG?ESed*G‘TJ MASTER | NFORMATI ON CARRI ER FOR MAGNETI C TRANSFER AND
MAGNETI C TRANSFER NETHCD BACKGROUND OF THE I NVENTION 5 Field of the
| nventi on Th| elates to a master information carr
thereon an irr w\‘m tern representing the infor rratl on tmmmwmmmmm m,
transferred to net Jc mediumand a magnetic transfer
Description of the " Vhted Art Wth an increase in |nfornat|on quaﬁ?P?y
there is a demand for a magnetic recordi ng nmediumwhich is high in nmenory
capacity, lowin cost and preferably requires a short tine to read out a

necessary pamasaferdaterdrmaBgnetd 2R B0 rch m gvAmedt e 1hrang e al | ows

so-cal |l ed hi gh-speed access). As an exanple of such a magnetic recording
medi um there has been Af§froWha e G TrEOERERNSHty magnetic medi um such
as a hard disc, a zip (lonega) and the like. In such a high recording
density magnetic nmedium the recording area is fornmed by narrow data 20
tracks . In order to cause a nagnetic head to accurately trace such narrow

data tracks and reproduggckaﬁoggbaogtTgEh&ng§&@oﬁatio, the so-called servo
tracking techni que has been enployed. In order to performthe servo

tracking, it is necessary g2t I ide SElwhi i r mati on such as servo
tracking signals for positioning the data tracks, address signals for the

data 1  trackfiandn{ERE PPHCLE PO &4 QGK SinaRRkS @Hfbk}ﬁamgne&a&iéeordl ng
medi um as a preformat upon production thereof. At the present, such pre

format pgeetdhag v RRJH oAmed rP¥qhingriee PatdaIReciatdsish seiyorhgcordi ng
apparatus (a sérvo track 5 witer) . However, the preformat recording by

Ehﬁ conygRbi-RARK oBe 5@09&%@%@9@@%&%1ﬁaghée;d;&ame%gwsaw fhat it
akes

magnetic transfer method.

10 Description of the Related Art

With an increase in information quantity, there is a
demand for a magnetic recording medium which is high in memory
capacity, low in cost and preferably requires a short time to
read out a necessary part of data (a magnetic recording medium

15 which allows so-called high-speed access). As an example of
such a magnetic recording medium, there has been known a high
recording density magnetic medium such as a hard disc, a zip
(Iomega) and the like. In such a high recording density
magnetic medium, the recording area is formed by narrow data

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

In order to perform the servo tracking, it is necessary

25 to write servo information such as servo tracking signals for

positioning the data tracks, address signals for the data



“a long time since the servo information nmust be recorded on the magnetic
recordi ng nmedi um one by one by the use of a magnetic head, which
deteriorates the productivity. 10 As a nethod of recording the prefornat
accurately and efficiently, there has been proposed, for instance, in
Japanese Unexam ned Patent Publication Nos. 63(1988)-183623, 10(1998)-40594
and 1 0(1998)-269566, a magnetic transfer nethod in which a pattern which is
formed on a master 15 information carrier and represents servo information

is copi edalcksa ERGNEFEFro@GOt fbng dEswMigrsliaveoediHe) Ryghegnetic
transfer. In the magnetic transfer, the magnetization pattern representing

the i nf eledAm o Reddum 887Y PrdHOmE pyh 2@ oclRakhiiesh Bhed St At .
information carrier is magnetically transferred fromthe master information

carrier the prekane , NBekn PAVEARRIY HBgoddli hansh e MBEAREA b f itdledute the

sl ave medi um and the master information in close contact with each ot her,

and f'iCC%rfdiaﬂgé;Yeciél‘EiiéﬁOéé@béoﬂeeéiahﬁ% Byphle st @l 2orvaf expaki on
carrier can be statically recorded on the slave nediumw th the relative

posi §i o hetasgen HBReTRE! @helpre FHTRE BT LAY bt Ndohhensh a¥g1 medi um
kept constant. Thus, according to the magnetic transfer, the preformt

recor di RG G rBeoPak her Fsh ACEld alely saRdahbagbbl® {R#AHded f eaxkhe
preformat recording i§ very short. 5 However, 'the master infornmation

carrier MRy edmieN stiheemegBelkevhbr @nsbehatlisal A88E HB aBEY¥eqkdeBki fied
Japanese UnexXam ned Patent Publications conprises a base sheet having on

the surfiaeonb e €0E rak drihi 8gUhédi b oRaid $hReNAPERERId BE 4 R8ghat@Emation to
be transferred and a magnetic |layer formed 10 at | east on thé surface of

the protyid, NGHIYH idnteAblhte Pasr PreRfuand idiyice the magnetic transfer
is carried out with the
10 As a method of recording the preformat accurately and
efficiently, there has been proposed, for instance, in
Japanese Unexamined Patent Publication Nos. 63(1988)-183623,
10(1998)~-40544 and 10(1998)-269566, a magnetic transfer
method in which a pattern which is formed on a master
15 information carrier and represents servo information is copied
to a magnetic recording medium (a slave medium) by magnetic
transfer.
In the magnetic transfer, the magnetization pattern
representing the information (e.g., serve information)
20 carried by a master information carrier is magnetically
transferred from the master information carrier to a slave
medium by applying a transfer magnetic field to the slave mediunm
and the master information in close contact with each other,
and accordingly, the information carried by the master

25 information carrier can be statically recorded on the slave

medium with the relative position between the master



master information carrier and the slave nediumheld in close contact with
each other, the magnetic |ayer can be partly |lost or peeled off the pattern
while the master information carrier 15 is repeatedly brought into contact
wi th and noved away from, a nunber of slave nedia. Renoval of the magnetic
| ayer fromthe master information carrier deteriorates contact between the
master information carrier and the slave nmedium which can result in
deterioration 20 in quality of the transferred signal. Further when the

magnet i (.in'f%%%%.tii%npggh?f’e]?fefn& fie RS mieﬁﬁ%”i?éeém?i'&o L QM O¥ffa W de

area théréo it 1Ts necessary 0 ¢ ange € nas nf'ormati‘on carfier. The
master infornation catrier | S,exp i nd Lav @ can be
made peﬁcgﬁggﬁggfgp géeiﬁﬁgbﬁg%?o§p§g¥?Fg( Fggggggﬁégéaﬁngegﬁgdg?gduction
cost of a netic.recordi ng medi ym _3 hserved master i nformation
carri or SO BiR HCHP ARG [BONRT E | Ry BRTn S o dai e B o TotngPEhat the
magnetic | ayer was nost,.peel.ed of f t%ﬁ; ster information carrier at edges
of flatPE§ §HPF35§§QﬁdHﬁ%3¥ﬁé%?Gﬁi ﬁ)Ttions of the 5 irregularity

tt th ter jnf tion ier. and_that t d
hi ch e mmsCMCY RFor AT MBI o TP THR (ERC AT A8 alY LR g RS cont act

'l or et RIS | BreS Ter g REr SRR o FRa TR 1 Gtk TBPEERREG ( hat 10
L U TR
(oo gl EhE R agRt thfkepd AR SERE Ryt bR pab R B Eoptitebit B o0 Ol
frat 1 ogeus PREERRFOPHES (O EFaBRE L3rt PO JETHE 10 ey PEY S Rat t orn on
B L
oy EhBRn BEs (D08 e maAE sl EXORRTS BLILOLELER Al MITHTRAR

concent {aLada00,teaR01 bLODS NEL &34 TR Ui aleShERNGRNIAF ek oLg gener at e

peel i ng e nmagne ayer. er, our investigation has feveal ed that

S T R L
or peeled off the pattern while the master information carrier
15 is repeatedly brought into contact with and moved away from
a number of slave media.

Removal of the magnetic layer from the master information
carrier deteriorates contact between the master information
carrier and the slave medium, which can result in deterioration

20 in quality of the transferred signal. Further when the
magnetic layer is peeled off the master information carrier
over a wide area thereof, it is necessary to change the maser
information carrier. The master information carrier is
expensive and how many slave media can be made per one master

25 information carrier largely governs the production cost of a

magnhetic recording medium.



information carrier largely affects the quality of the signal tran
to the slave nedia. SUMVARY OF THE I NVENTION I n view of the foregoing
observations and description, 5 the primary object of the present

is to provide an inproved master information carrier for

sferred

i nvention

magneti c transfer

whi ch has an inproved durability and can transfer information to slave
medi a so that an excellent reproduction signal can be obtained in the slave

medi a.

10 Anot her object of the present invention is to provide a

transfer nethgpd gsk8gvEhAemh5PEPVEUE dBEt €Ton MRl OFroal Whekh the
accordance wth a first aspect of the present invention, there is

a mast epalgnkeni el 4 98r G bEEN bee 143 drapietihe tHanshemadgheid Dapkane
magneti ¢ recordi ng medi um conprising a base sheet having an irregularity

pat t er nyk@PReseNbkld ddnbeMhiconateckeihrapmbhei badchoraBri Atpkagesmagnetic
recordi ng nmedium and a magnetic |layer fornmed along the irregularity

patternoewher £ N tohe LNPEQYENERIE CORPT 3@t rifdiitat pbheibhkclyressndal of the

magnet i

c layer on the upper surface of a protruding portion of the

magneti c

provi ded

i rregul arideyuRabtienn pd-dhe dihigtnasss e phréheafpametisri @y¥erngn each of

the side surfaces of the protruding portion satisfy the follow ng 25

condi ti @Rat0, 99124 dadTle Inder whicREEQ HABEEr Wi i a8 daaspeEt Of the
invention, there is provided a naster information carrier for

pr esent

10

15

20

25

and the slave medium were in contact with each other increased,
the magnetic layer was peeled off the master information
carrier at a higher frequency. That is, it was presumed that
dynamic structural weakness of the master information carrier
caused the magnetic layer to be peeled off. The dynamic
structural strength of the master information carrier is
governed by, for instance, the thickness of the magnetic layer
and the bonding strength between the base sheet and the magnetic
layer. Our further investigation has revealed that edges of
flat top surfaces of the protruding portions of the
irreqularity pattern on the master information carrier were
often cut where the side faces of the protruding portions were
covered with a very thin magnetic layer or with no magnetic
layer, that is, the thickness distribution of the magnetic
layer generated a structural strengthdistribution, and stress
was concentrated on the portions where structural strength was
weak to generate peeling of the magnetic layer.

Further, our investigation has revealed that the
thickness of the magnetic layer on the side faces of the

protruding portions of the irregularity pattern on the master



magnetic transfer to a perpendi cul ar magnetic recordi ng nmedi um conprising a
base sheet having an irregularity pattern 5 representing information to be
transferred to a perpendicul ar nmagnetic recording nmedi umand a magnetic

| ayer fornmed along the irregularity pattern, wherein the inprovenent
conprises that the thickness dbl of the magnetic |ayer on the upper 10
surface of a protruding portion of the irregularity pattern and the

t hi ckness db2 of the nmagnetic |ayer on each of the side surfaces of the

di /
Prot [Tk RSRALCLEN, SLEELY HIedn) L0wkns CoRdla Lo 0 Jedhy/ dhis0i S, 15 I
nagnetlgra%%%rQ|g% @%d%ﬂg'%#a%e %%EQQ|cular nagnetlc recordi ng nmedi um

general 'y i'nc €S servo i nforna ‘and it is preferred that the magnetic
| ayer be a soft nagnetlcg %Nbfi ﬁ&ﬂ@@netlc | ayer weak 20 in
coercive force. According to our 1nves |gat|on In the master information

car i er for IRANGLLGA LY 33ter ng,g baLeyIRtLn LA4l B0La0e, Rgneti c

recordi ng medi ng 0 ayer {vhen

da2/ al h%tgf Pg&ggBJﬁS t%eigﬁ %QQHQUfab'H{EXIQT %hepgg%agg arqformation

carrler eSS e nagnet c ‘I'ayer “on each of
the side_6 su fac ort| n |ncre ses Eeellng of the

nagnetlémpgy eco I%%g %QH%ESEP? ?y of thé TSt er© |ﬁ or'matt on

Che maghBRE PRGADARERSASEruERRE T by 14 e”sadaé’ggﬁé esr#??%ﬁ%ﬂ?ﬁggﬁagnet.c
he 17 ok 8 heiarmgﬁre B R R R s S L
Cranst eP b HLT Y 140) ¢ oS A %fih"%?ﬂﬂé“?n' %QSZL e i oration o

quajdty of sigpaly e Bbﬁ%%%egffgﬂg‘g?8§§£QV§nUEQ£E aﬁ%e%otﬁ§oU?QQet'C

transfer. Accorglngl nthec e nast er ornatlo carrrer for

mhgﬂeéf%slhég%ﬁggii?ﬁ?'%%F;@ff&gﬁhbﬁ” hQihg PLARe YRERELLG "fGetdLng media,
information carrier.
In accordance with a first aspect of the present
invention, there is provided a master information carrier for
15 magnetic transfer to an in-plane magnetic recording medium
comprising a base sheet having an irreqularity pattern
representing information to be transferred to an in-plane
magnetic recording medium and a magnetic layer formed along
the irregularity pattern, wherein the improvement comprises
20 that
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
and the thickness da2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following

25 condition,

0.05<da2/dal=1.3.



15 of the master information carrier is inproved and an opti nmal

magneti zation pattern can be formed on the slave nedia so that high-quality
reproduction signals can be obtai ned. Wien durability of the nmaster
information carrier is inproved, a |larger nunber of pre formatted nagnetic
recordi ng nedia can be 20 obtained fromone nmaster information carrier,
wher eby preformatted nagnetic recordi ng nedia can be | ess expensive. In the
case of the naster information carrier for magnetically transferring
information tappespendisatar wirgned i gereaar didlgecedba, he aBibkkyrof the
master information 25 carrier can be inproved when db2/db1>0.1 as in the
master iRfRERIdPEN teakL 85 J:Uvid&) anR58BE IREEhd €142 diing fBdia. 7
However, in the perpendicul'ar recording, the intensity of the magnetic
field apREnatd Zahh0Rek VEL TR Hd NS RAGhBE 8l aue edidLapansed to
the protruding portions of the irregularity pattern on the naster

i nf or matd Al Er aCagL b Peerg@n ediby concentrating smangti¢ fluxes on
t he rragneoﬁbc alyﬂe(jre gnai??‘legsi% e surﬁacé gf t he proe?i U(?%n{;%go?t%:tgﬁs, and our
| nvest I G, an. s dPYRLEE &L §524dbls0ch 14 hepbiansher qagnet i c
field int r%gty cangﬁot be g&???}c{l{\gnt to obt alinehi g%-qﬁghgty rglﬁlr ogucti on
signal s : 19@*&%@: 413 P tgl%gg@gﬁ%t g u §i i at the
p_rotrudlmn \;I)%ér/ls:lr ons ecg(?% t0()lQIsH5nanI tao obtain hi gP{feléugP?ﬁg ré%rgggucti on
signal s e ALl dyn Emece%%e wifeddi® FRR! Gl BLRLERY @BnERhkEr for
magnetically transferri'ng information to perpendi cul ar magnetic recording
medi a, whgh 0. 1<db2/dbl~ 15 0.5, durability of the master information
carrier 1s I1nproved and an optimal magneti zation pattern can be forned on

the slave medigSadndiohasual t¥né %Ré&HEEH:OPa%QF‘éhStﬁ%”u‘ﬁge‘%bt ai ned.

When durability of the master Tnformation carrier is inproved, "a [arger
numbgr  Qfy P REOTIRLL o3 JRYETH L p%(b%tri%‘h%@ n9Medi-2,638 8¢ OBLkReH from one

master information carrier, wiereby pre formatted magneti ¢ recordi ng nedia

can be | %6 RYPERRLMEest MACEE HAGRIMIIL A1bPRELRTRRH o Pleddie BResent
invention, there 1s provided a nagnetic transfer nethod for 25 magnetically
transf erduyehddy 06 FRIHHRN (S8 ¢ H e BorRIbAI JNfIUMPIERE GRNAbLSing
conprising a base sheet having an irregularity ‘pattern represénting

i nf or matdymtwidie, transferred to an in-plane magnetic recordi ng nmedi um and
a magnetic layer formed along the irregularity pattern, to an in-plane
magneti c recorgingydEdiginchagi ng a nagnetic layer at 5 | east on one side

t hereof, the nmethod conprising the steps of applying an initial DC nagnetic
field to the imyplare pregBehitC [peendisg, "Tedhaminfarght Bed | ad paal el to
the tracks thereof so that the magnetic |ayer of the in-plane magnetic
recor di ngravesifeite® t@oARt inedlianet haglidtecd | oecandliideneapphybrgaa 10
transfer magnetic field in a direction opposite to the direction of the
initial gdXGpeagdidulafiRhghsoit heesbgaehycmbdyan genkhalnggreldladescor di ng
medi um and the magnetic |ayer of the master information carrier with the
magnet i csdémyeris floatch Himna ahasie: denpacfentéd tdachthbhesignahbe diayetrhe

i nprovenent 15 conprises that the thickness dal of the magnetic |ayer on

t he uppére surdaitte nafgree tprootrayd me P tseon -ofa dhenaigredgul dravter petatker n on
the master information carrier and the thickness da2 of the magnetic |ayer
on ach iof d¢dercsivde Bardeces of the protruding 20 portion satisfy the

foll owi ng condition, 0.05<da2/dal~1.3. In accordance with a fourth aspect
of the presentAcavsetinicpn, té heperi s iprvastderhta amgnein c thansherstert hod for
magnetically transferring information carried by a master 25 information
carri er,icfomtiaisiong carbdee sSheebghatingldy transferring information

to in-plane magnetic recording media, peeling of the magnetic
layer often takes place when da2/dal is not larger than 0.05
25 anddurability of the master information carrier deteriorates.

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



irregularity pattern representing i'nformation to be 9 transferred to a
per pendi cul ar magnetic recordi ng nmedi um and a nagnetic | ayer forned al ong
the irregularity pattern, to a perpendi cul ar nmagnetic recordi ng nmedi um
having a nmagnetic | ayer at |east on one side thereof, the nmethod conprising
the 5 steps of applying an initial DC magnetic field to the perpendicul ar
magnetic recording nmediumin a direction perpendicular to the track pl ane

t hereof so that the magnetic Iayer of the perpendicular magnetic recording

redi um isgonet Lged, LN Lo, difeotion and then apnl viag a iy aster 10

magneti € in-a i'on op iTect Ftial DC

magneti ¢ field fo the net| er Qf ., th |c ol rdin di um and
t he nag(k&lletgpe lacyera%?rnﬁ com%?e e?énf oaﬁqrfdat?lgh‘{l%gjr)rl r© Ctr%“% hegsgenetl C
| ayers hel e_cont act mn% begch ot her mher%I n the i r ovement

r’:l ow

(0]

conprlségf%gWﬁ%iéﬁ éafhl%ﬁnggga %Pc?ﬁﬁﬁﬁﬁlc Iay&yﬁﬁft % upper
surface o% rot rudi n 0 the irre %{arlt er he nmaster
infornapl K%@§r+?éﬁ-§'g‘f¥ #hlék $eeEhs g ]hgch%bﬁgfﬁl q‘@%PE%ﬁ each of
t he surfaces of thezggotrudlng 2 .E tion sa the f ol
con t| ke 8 i&’&b’ﬁ?ﬁb‘imof ™ S0 BREBPY P het Y &Y i pFFu tkh §§eof t he
nagnetlc on eaeg%gi th i de surfac es oftthe %otrudé g Egrtlon to
the |en %ﬁp39ﬁ¥4 éx?i qﬂ%ﬁQﬂuﬁQﬁ kGt E9PfeSt ecesses
bet ween the t aps acent pro%rudln ortigns,of the i Iarlty
pauernmg@%&rf&&%%nheﬁemaﬁr@e Ry dFgn tlr“aEEf inégflaﬁgsr P 0.05 and
snaller&t1 d g $t8 l%ﬁ {knkn%sg ? magnet L ¢ gé
each of tnh %EPF 88? it ot T Ut h§°p %PPo?n‘? &9 ?Pﬁ 80 the
recess<0 4 V%en the ratio n % er than_ 0. 05 amount. of 5
mgnet: &1 FUY Conver e e e Rghd FELrh)E fedomtith BT Ln

10 deterioration of quality of signals reproduced from the slave

medium after the magnetic transfer.

Accordingly, in the case of the master information
carrier for magnetically transferring information to in-plane
magnetic recording media, when 0.05<da2/dal=1.3, durability

15 of the master information carrier is improved and an optimal
magnetization pattern can be formed on the slave media so that
high—quality reproduction signals can be obtained. When
durability of the master information carrier is improved, a
larger number of preformatted magnetic recording media can be

20 obtained from one master information carrier, whereby
preformatted magnetic recording media can be less expensive.

In the case of the master information carrier for
magnetically transferring information to perpendicular
magnetic recordingmedia, durability of the master information

25 carrier can be improved when db2/dbl1>0.1 as in the master

information carrier for the in-plane magnetic recording media.



insufficient to ensure sufficient signal quality, whereas when the ratio is
not smaller than O . 4, the intensity of the transfer nmagnetic field
generated between protruding portions beconmes insufficient to ensure
sufficient signal quality. 10 It is further preferred that the angle 8 of
inclination of each of the side surfaces of the protruding portion of the
irregularity pattern (the angle between the protrusion side extension of
the surface of the recess and the side surface) be not snaller than 30 and

smal | er Ifo%@e%o 1nv¥|§?@tprra}% g1tz PeBB 'ﬂﬁg nghd qmtfgd'l% F@%%Ifdehéurface i's

smal | er than er nagnetlc generate pattern edges

s too dianersed 4o ensye 3%{1%%%&59503' g%' Qg e dgponof hendur abi ity

of the magnetic layer ereas e angl'e 6 of

| ncl i natjian Ofma{iml% P SOt 203G m‘t’@?h@‘qﬁ ¥ espure

hi story 1’ n magnéetic tl’ er I'S concen rat at portion and

the migq_%lr' g;dl%qttyoﬁaq:ftggrﬁléjlﬁ the Inggﬁ (Bflrtxg(? §%9£5Hdéa{}grf)@% tda?xnbe"\’h' ch

results’i'n generati‘o crack and pee I'ng e magnetic Tayer, though no
A R R e R e o i i S
Foch, FORVRGNY. Sﬁ%%i%graécle?rfgﬁﬁ%ov %“élﬁlf%fﬂ? PP 2 on
2 sot ?315*3%%%% aétle? gityeEan %@afﬁﬁ t%@%@%ﬁﬂ??%?ﬁ???? Ton of

- pl ang, I Lhe. case; where L1 3] g, e 8; LOoRLaNs, MRgRStiC

recordlng ereas a perp dICU rec?lon in the case

sl ave mgdi RERALEUL L, NBONSL{ C T eeardi g JRA UBD /abh >bS s pfefe”ed
ﬁﬁb%ﬁ% aye§ g@g mn%% 1 ?

that the € provi a non- nagne I'C prinmer ayer

for NSt 30a 8L OF ¢ QiTle Qe CaTaen rg@ggﬂ} g Bl B WAL ghcol ves 3

necessary nagrieti c ani Sotropy to the nag 'n'the case where the

sl ave u 12 {RET, £ backi ng | ayer
of a soft ngﬁﬁi&léﬁ) §erq{%ﬁl nsta i# #yéﬁh6§§%$@%%f%ac or geAléi
may be provid %cl&%r ﬁtlfzgfrpon en%aLsfé péf”%'he ar?(%téf‘ Qé,cée&mtacel%ab' lize

t he perpendic ar of the magnetic layer and to inprove the

sensi ti Vidpg jupon f@ﬁorﬂagﬂeemeamr Oichca AN gThes b £essn of cohe

magnetic layer is preferably not Smaller than | Onm and not | arger than

500nm  and I8 RNSHeTARINe A SOBLEEIng NABa29NM.ARH 1Ok d¥gefiihan 200nm

15 0.5, durability of the master information carrier is improved
and an optimal magnetization pattern can be formed on the slave
media so that high-quality reproduction signals can be
obtained. When durability of the master information carrier
is improved, a larger number of preformatted magnetic
20 recording media can be obtained from one master information
carrier, whereby preformatted magnetic recording media can be

less expensive.
In accordance with a third aspect of the present
invention, there is provided a magnetic transfer method for
25 magnetically transferring information carried by a master

information carrier, comprising a base sheet having an



The thickness of the non-magnetic priner |layer is preferably not smaller
than |1 0nm and not |arger than 150nm 25 and nore preferably not smaller
than 20nm and not | arger than 80nm 12 The thickness of the backing |ayer
is preferably not smaller than 50nm and not | arger than 2000nm and nore
preferably not smaller than 80nm and not |arger than 400nm BRI EF

DECRI PTION OF THE DRAWNGS 5 Figure 1 is a plan view partly in a
perspective view showing a naster information, carrier for magnetic

transf eq i gRAGEHANCep Ut L Bra fhﬁﬁhxﬁﬂﬁﬂﬂhﬁ?nt1Qfo£ﬁ§t@bﬁseﬂ&>'nMéntlon
Figure 2 is a fragnmentary cross-sectional view taken along line Il-I1 in

Figure %ralQferQUe t3 iah ah-gnldeth pesspectéyer ¥y Réddudoyhlieasi ded
sl ave nmedium and a pair of nmaster information carriers carrying thereon

master pRLeLFU QR ke %rh@@ngflgh@e@hbo199a@§1l1ta%l%yd§§t@ferhhet%l aye nmedi um
Figures 4A to 4C are views for illustrating basic Steps 1 of magneti c

transf e o130 d A2BhaRe cTREASEA Epgadiin Flagrg 8 masg@eéi@qngaax
cross-sectional viéw of a part of "a naster information carriéer in

acc05 dane@ W bR Lthe éﬂé’@xe‘%@&d FRAt methbhecMhSSENM n b NN Qps apd Figures

6A to 6C are views for 1llustrating basic steps 20 of magnetic transfer to

a perpe% QWidlg GRONELE La TR ME@QE?@% Fal NG d H%%i'%ﬁ@ﬁ%@n%@@' MENTS A
mast er ormitlon carrier for preformatting in-plane
recording medium in a direction parallel to the tracks thereof
so that the magnetic layer of the in-plane magnetic recording
medium is magnetized in the direction and then applying a
10 transfer magnetic field in a direction opposite to the
direction of the initial DCmagnetic field to the magnetic layer
of the magnetic recording medium and the magnetic layer of the
master information carrier with the magnetic layers held in
a close contact with each other, wherein the improvement
15 comprises that
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
on the master information carrier and the thickness da2 of the
magnetic layer on each of the side surfaces of the protruding
20 portion satisfy the following condition,
0.05<da2/dal=1.3.
In accordance with a fourth aspect of the present
invention, there is provided a magnetic transfer method for
magnetically transferring information carried by a master

25 information carrier, comprising a base sheet having an

irregularity pattern representing information to be



magneti ¢ recording media in accordance with a first enbodi ment of the
present invention will be described first. In Figure 25 Z, a naster
information carrier 3 in accordance with a first enbodi nent of the present
invention is like a disc in shape 13 and conprises a base sheet 3a having
a plurality of protruding portions 31 arranged in a pattern forned on the
surface thereof (as a result the base sheet 3a has an irregularity pattern)
and a soft magnetic layer 3b forned along the irregularity 5 pattern. The

i rregul ékéh)égi@gtr ar E‘o%%di Si i\ mRly %%ikOrQeoka@eHafﬁgaﬁgmt&amgneti c

recordi ng ne sl ave a) and Figure 1 shows a part of the irregularity

attern Ces i QNS ; t i ortions 31
Peed nof BaTm e e P R s LD B B P et ot s
the cir i.al . di j ! ti : LaG
e ol BUTDERRAEh Al sl (LG il hghsgh La0akl adudion
cross-seclLbonal View ofy 3nRatiqg ‘;Ltt%a Rl &n@ftﬁwﬁ&bﬁggﬁﬁgfxbeﬁhé

i ncluding®a protrudi ng portion en along a [1ne pa to the 15

di ti f : h : 1 nf i i t hj
erboi nenEL ot h SO Haet 18 TayarSb (G (atTeates that d net h Skness da
of the SaLhoRRINELiG. | AXEhER! N PRRIn S UIARAPT 161, P QT FUD gy POT L On

31 and ness da e so magneti ¢ layer on the side surface of
on . . . . " . S _
0. 052daBr aPAP 5 R R Ea bkl BLEpk at Lo P D RERTEb b et ie

O . ¢ it . . h
the thi SRNeke o "EhS dariouiblaFh e Mol s LG B 07, el L Sces
Opposedmkgn%%%fe‘at kﬁﬁ{_%ﬂetﬁ?r@c'fg%h' Uh Pl b %Eg@‘gzinbh%t@fgﬁgﬁé? da2 of
any one of the four side 14 surfaces, i.e., t wo “si de surfaces opposed
to gpchpghhek ilnri Beq did acdi PECL{okh Qﬁ;iﬁdsaicé% B D& MR- S SIe cFUEf @ces

opposed to0 each other in the radi al rection, satisfies the condition

above. $nF¥LLRCH Wdyrdti eTDOdIPRhe ddifhngl @a?et?fof Rl 19%?!19918“ each of

t he side surtaces of the protruding portion 31 o he irregulfarity pattern

(the angbeobelingennbheuR! AlfdiSka ShdgngKiensi Afed10.0f chite fugtae 41 of

the recess and the side surface 31s of the prottuding portion 41) is not

smal ler ihrannyL@ 130 aRdr$aR! {eEhtHad Bne il BFerd Mlike 1@MROdi gBat, the
rati o of the thickness da2 of the magnetic |ayer on each of the side

surfacegodtacef wit® R WG PRIHd AL Bl iMerd LM S &hpthgesecess is
| arger than 0.05 and snaller than 0.4, that is, 0.0S< da2/S<0.4. In this

sped fi gakiton, "the length S of 15 the recess" should be interpreted as
"the mnimum of the I engths of the recesses between the taps of adjacent

protrudi ng pothieorsnidknelsst ®1 fetiHamdghdratd erdyas smashéedpport he
direction of track. The base sheet 3a of the master information carrier 3

20 may bearffaceed ok prekebdisbl peobioaryst he YrAsgul@kudynpattéesham cs,
synthetic resin or the Iike. The soft magnetic |layer 3b may be fornmed of
Co, Co ahl tye (agtar CoMbrmEalicdr caoNotadlqd theFehiErnakk b @.fgthe FeCo,
FeCoNi, FeN Mo, FeAl Si, FeAl, FeTaN), Ni or Ni alloy (e. g., N Fe). FeCo
and FeCabignand cespeeirabh yeadih prretaeadl @e asut hecamiod tak ptothadsngt

magnetic | ayer. The magnetic | ayer formed on the base sheet need not be a
sof20 portion satisfy the following condition,
0.1<db2/db1=0.5.
Preferably the ratio of the thickness of the magnetic
layer on each of the side surfaces of the protruding portion
to the length S of the recess (the minimum of the lengths of

25 the recesses between the tops of adjacent protruding portions

of the irregularity pattern as measured in the direction of

10



15 magnetic | ayer but may be a hard or sem -hard nagnetic | ayer. However
a soft magnetic layer or a sem-hard nagnetic |ayer small in coercive force
is preferred in that a nore excellent nagnetic transfer can be effected.
Further, it is preferred 5 that the magnetic |ayer fornmed on the base sheet
be larger in saturation nmagnetization than the base sheet. The irregularity
pattern or the pattern of the protruding portions 31 can be fornmed, for

i nstance, by the use of stanper nethod or photolithography. 10 A

phot 0- 1 @184 )| gy efa e thah d O TRdhd0BmAl $8PAHKI00235 Pt @ (00. asgnmoot h
crystal plate) , for instance, by spin coating, and a | aser beam (or an

el ect r%h%e@mcmgyg%t@gﬁ%%@ﬂ% 19yt PRrSER¥R X gRalsiid Eﬁ?k?%é@ onto

t he photo-resist [ayer rotating the glass plate so that

phot o-r esd 1,593 : r ' £def ef m ned
patter _njasfle_.sctg?% q%aﬁ{)tarltut%el:r% gf se%‘o}%%ggﬁiﬁzgc%%?eﬂn%i%g%n a 'r{afdi al

direction in e tagk o [REr ¢af hek §hegBROLRzLEHL5E, | exsrafné]lﬂevskoped and
the part exposed to the laser beamis renoved with an irregularity pattern

of the RiQLiesi %gu'xef EoRPetEqd! 35S @k Phdlfre tiler §RYeebt egegfagsa matrix.

Then the surface of the matriXx 1s plated (electroformng) , and a N base

sheet h [+t | i k tds i d i X and
Separ at Y P PR LY RASEEIULEE P cRR LG | SunRERRY i TRER S 3

mest er ifoFRELon GAETdEN 1Y FRYNRE 458He 8%, @ ABSLLh 13T d REQREREFON

. 4
carrier after formng a magnetic Payer a soft magnetic layer 1nthis

i X ; : | he i larit
parti cubglgehodieTenty) 1and. ac B g&&éaﬁ.ﬁ&ud@gﬁgp PR ANGnBoLbREGUl ari Ly

pattern a erw se, the matrix nmy orma second

tri : i i heet havi
1 S8 SRS T b L e e B sheet aving &
bl ajjpng the segopd AL Bl RLESSLGN2: "SR] UnSYEUR 2GALNSY shOR, S face of
the Second matrix and curi fg the resin syrup. and a base sheet having a

POSI L Ve pLegubar thy Dald ehk fi¥% P8 £ PhEBG SYrRh S b AthiGod Rjf dnaBt ri x.

Further, a matrix w thout photo-resist |ayer may be first 10 formed by
et chi ng itﬂl%_dahaa%%q YA AN @hd AW BaithiteRAtther Bref ke ophatgeresist to
make holes in the glass plate, and a base sheet nmay be fornmed by the use of

the mat rdt dk itdie JYRRPBRr sdegaEELEE EheVEscdde hasarshesiemBurbacter med of
metal such as Ni or Ni 15 alloy as descri bed above, and as the aforesaid

pl ating HePhokOLd Ne f N4, 1P58¢ DARE skNG8ler VREAGES Telitheh {HB HAGTEND

t echni ques such as electroless plating, electroformng, sputtering, or ion

pl ai §ng gaprbs el LY Esh oFenbel Gid sofr fhle psaidaididigrRant 36 (the depth of
the irregularity pattern) is 20 preferably in the range of 50 to 800nm and

nmor e pr afreimadter 8 dre i Me 1\W @feridia ied egdnapatt epal ey st epr esent s
sanpl e servo signals, each of the, protruding portions is rectangle having
| onger slidgserded tadeakbuder etffifarieht heidiasle ghekitandtrbagherchei des in a
circunferential direction of the sane. 25 Wien the irregularity pattern
r epr esermta:-&aipl ey 8Er vige Maghaltd c agdr dfs yheapl otimpdicvgdpor Whereaiss
preferably 0.05 to 20.m 17 in the longer sides and 0.05 to 5,umin the
shorter widdeShe angle 6 of inclination of the side surface is not
20 smaller than 80° , pressure history in magnetic transfer is

concentrated between the flat portion and the magnetic layer

on the side surface of the protruding portion, which results

in generation of crack and peeling of the magnetic layer, though

no problem is involved in quality of the signal.

25 The magnetic layer of a slave medium may be formed of

Co, Co alloy (e.g., CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB,

11



The soft magnetic |layer 3b may be fornmed on the irregularity pattern by
various vacuum filmform ng techni ques or plating nethod such as vacuum
deposition, sputtering, ion 5 plating and the |like of nagnetic material.
The thickness of the soft magnetic layer 3b is preferably 50 to 500nm and
nore preferably 80 to 300nm As described above, the thickness dal of the
soft magnetic | ayer on the upper surface of the protruding portion 31 and
the thickness da2 of the soft nagnetic 10 |ayer on each of the side

sur f acegoffr, t e /PLOt, M ¢di R PR bilaRysall.gf.y FHeed, oli-pw, ngreeemdit.i on,
0. 05<da2/dai~1.3. The rel ati on between the thi cknesses dal and da2 can be

effectively coptfolhed bt OEHNNGANS 80hhs BN ¢nlraYREtRYnSPRYE eri ng
using a collimator "and/or by controll'ing the 15 nobility of sputtered

particl %Eeoﬂa?ﬂgt§%b§5£f@_}ebgﬂ§% r9] W@ e Fuk! ﬁéhggtp%\ﬁ&-héé IR
preferred that a protective filmsuch as of DLC (di anond-Ti ke carbon) be

br ovi deckhe 3A1LIRERStIE tAYQhnRNal AECHPPRTa SYHEASEa0b g1 Ot T udi ng

portion 3 ricant ayer may be further provided on the protective

film Argnhoreeresh bAVERI-PULTE 35 8nsl cd Y8 dTY the RIQvbdRdshehveen the
soft magnetic layer 3b "and the protective filmto enhance the contact

therebetyeen,, Thfnllb'PéﬁégBﬁabﬁMEi%SUEEE%%ﬁ?cﬁgdetm%rdi%nat LA ddhglurgbility of

the soft magnetic layer , Suc 5 as scores due to friction, which occurs

i n corrgebRg 413 S Bl e cgeBAT Hh 8dhaVRaR ! J?lgex?é’fﬂhér%Q%% fichURrish is

brought “"into 18 contact wth the slave nedium Magnetic transfer of

i nformati g 1o ithALs MRUHNPY A& e PniiiNRSter information carrier in
accordance with the present invention wll be described, hereinbelow 5 As

shown in Figuig 3s gr@irr AR &le MARLTRY PAYERAM E!’rév%d%@l@'wf‘t@r e
di sposed on opposite sides of a slave rredium 2. The sl ave nedium 2 may be,

fory d NSLanER-maghakd cbSEnOF 1B yfdeXirblei fh88nckD dick PRETHCUESE Y, ,
enbodi ment, the slave medium 27 s provided with a pair of in-line recording
magnetl erta, CcrMo, NiAl, Ru or Pd which gives a necessary magnetic
anisotropy to the magnetic layer.
In the case where the slave medium is a perpendicular
magnetic recording medium, a backing layer of a soft magnetic
15 layer, for instance, of NiFe, CoCr, FeTaC or FeBAlSi may be
provided under the non-magnetic primer layer in order to
stabilize the perpendicular magnetization of the magnetic
layer and to improve the sensitivity upon recording and
reproduction.
20 The thickness of the magnetic layer is preferably not
smaller than 10nm and not larger than 500nm, and more preferably
not smaller than 20nm and not larger than 200nm.
The thickness of the non-magnetic primer layer is
preferably not smaller than 10nm and not larger than 150nm,
25 and more preferably not smaller than 20nm and not larger than

80nm.
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10 layers 2b and 2c fornmed on | ower and upper sides of a disc-shaped base
sheet 2a though the slave nedium 2 'nmay be provided with a single recording
| ayer. Both the master information carriers 3 and 4 are in accordance with
the present invention and respectively 15 provided with irregularity
patterns fornmed 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. Soft magnetic | ayers 3b and 4b

are formed al t he irrequl ri ies. 2Q Th i.n the ower and
upper naster %E'%o k&ﬁ% i %’aﬁﬁ%‘ etqwel%l%&é%%% re away
fromeach qther, int act ua netic transfer ess, the soft magneti c
| ayer 357 ke tm}ar%&& e"i““%l nPS%nalt"i”o%eEaF 8y g&? IB'ro gt PAES cont act

with or to the vici n|ty of the | ower 25 na netlc | ayer he sl ave
medi um PI&TE TR e ¥t FEGAderc thayeP Onp B’F‘gt RetuppE anaE gk fthB’F“rrati on
carrier 4 is brought 19 into contact with aor to the vicinity of the upper

magnetic |ayer 2c of BRI DR TG @S B W%ﬁé of magnetic transfer
to apn in-plane magnetic recording nediumw |1, be described with reference
to Fgures 5 FARG4E ereRiRd dieH &%%é&ﬂ&%%c%ﬁ P! ower
magnetic_layer 2b is shown. An initial magnetic field Hn is first

appl i ed SPOWIY & I&@%t‘ﬁ’é&’lftﬂr?altr’r%‘n@aﬂf:i‘@c?t?% negalig transfet dRor di ng
tracks thereof, thereby magnetizing. the maqfnetl c layer 2b of the sl ave 10
medi um 2CEOLIRRGE i U guf Srafa emRRd At e 0T the EBPFeﬁEghBYFE FaPer 3b of
the I ower master information carrier 3 is brought into close contact with
the | ower magrhé@ds ayérs A PRI E TR TRt 1anel nysey hpkeng
transfer nmagnetic field Hdu is ied in the direction opposite to the
| nitial BEHRgNES &5k ild d’ﬂllf-ﬁ‘%’rpeasl'shom in Figure 4B, thereby

J;gtl cally transferrl n& the i nfor n on the gaster i,nformation carrier
the | ownerf @ fet ic éyeFmZbeo? sIQ@ESﬂ’Eﬂ a¥E2. VAEWa Pésuft,

f t t th I t th
o S SR A S RS0 B PR 2
shown in _Figure 4C. _The information, repr entecd gly t he trregﬁl arity
pat t er n§%t & paffro¥ il R BPRbET &ﬁ‘ GRS HRy DEEP §F£?P‘ed to

opposi tg si des of the I ave rp@el e| t her,.simul taneously or in sequence. In

the casé SURHRSTHS |Sr]r 3% A5HiFsent i ng

Figures 4A to 4C are views for illustrating basic steps
15 of magnetic transfer to an in-plane magnhetic medium,
Figure 5 is a fragmentary cross-sectional view of a part
of a master information carrier in accordance with the second
embodiment of the present invention, and
Figures 6A to 6C are views for illustrating basic steps
20 of magnetic transfer to a perpendicular magnetic medium.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
A master information carrier for preformatting in-plane
magnetic recording media in accordance with a first embodiment
of the present invention will be described first. In Figure
25 1, a master information carrier 3 in accordance with a first

embodiment of the present invention is like a disc in shape

13



|
25 information to be transferred is a negative pattern reverse to the
positive pattern shown in Figures 4A to 4C, the 20 i nformati on can be
magnetically transferred to the slave medium 2 by reversing the directions
of the initial DC magnetic field Hn and the transfer nmagnetic field Hdu.
The intensities of the initial DC magnetic field and the transfer magnetic
field 5 are determ ned on the basis of the coercive force of the slave
medi um 2, the specific perneabilities of the master information carrier and

the sl awgdredip®i sa88d; e d bkeerAadshAnd Bf 9T ARL1 PFy AT prkrliding
preformatting perpendi cul ar magnetic recording nedia in accordancé with a

10 SeCO%ﬁM BNy Qfnddie 1 Rr£58R eV ESHEHOR M Lhe h81 00 thedbier st .

Fi gure s a fragnentary cross-sectional view of a part of a naster

| nfor Mt (n LA h hadecandancaanil Lhesseeandssbedympaligf (e

d
present invention including a protruding 15 portion 32 og a base sheet 13a

tak | . . : . g
rof or enca et TS ST REEheR TPy FheThmpr R edES
i nf ogmatg ri 1 LS; I , |G sl 13b is

fornéd é%ﬂ?ﬁ%?{lhg%fh?gg%gégégﬁﬁggggﬁﬂggécﬁ%ggﬁiﬁggﬁ(: a?gFﬁfﬁﬁ%EBthe upper

surface quﬁf 126 FHQ ith’é‘Qgﬂ%% QQ?&?ﬂiﬁQeméé‘H kness, dae ffa gt Rggsof t

magnet i ayer on the si ace o e protruding portion 32 satisfy the

fol | 0w g (AW §1 QRoyd 1£0BZLADLI0. Pre Fiislatl vt i 5. €600 o  he

angle 8 inclination 25 each o e si surf t he protruding

port 10N e s dd\pd S AJdnt PRl Bebulddif AR AATINRRR ik Prghrust on 21

side extension 4 rface 41 of the ' recess a the side surface 31s

of the i+N I i 4l S | han ﬁﬂgi |1 han 80
Furtherﬁhg%i?ﬂ%:gﬁ@%%é%%%?# t1g§Fg¥$b of %%&ekﬁicﬁﬁggs %q%fagﬁghnagnetic
| ay o] Is rf 1sy; r Qb U g r4d 3l to
o Peng REL T (e Booas e Than 6 08 and ieni o e 824, that

1S, 0. 05%-4b2) S5y hrddl i S PReLEdd CAld OPaqiaN€q] £BGE Do, OF the recess”

should be interpreted as "the mninumof the |lengths of the recesses

bet ween the toRsFe ugelz@ceqﬁti_cﬁrpérau@ragméﬁta%téf&g%%e@éi&m ifilkggul arity
pattern as neasured in the direction of track. The soft magnetic |ayer 13b
may be fof nedphyrt be $aee p@teer astdheatsidd FBEResT c3l anenudbngn at he first
enbodi ment descri bed above. 15 Basic steps of magnetic transfer to a

per pendigad rudBanepbet i 60ndI "G Wi oMyl b berdessdrdede W tB reefeer ence to
Figures 6A to 6C,~ hereinbelow. In Figures 6A to 6C, only the | ower magnetic
|l ayeb 12D deécistox. oAntrakki alirDenmgaetiee fhebdmbkDohscarfsérapplfi ed to
the 20 slave nmedium 2 in one direction perpendicular to the track surface

t her eof ,tHhereaipypdmaenet,i zhegsbhe megnetic layer 3b2bhsofothed davwdaredi um 12
as shown in Figure 6A. Thereafter, the soft magnetic |ayer 13b of the | ower
mast er itHortmiclome€ar dher of3the WoAitghiadgméoi €l bsege£obhathewigpeirhe | owner
magnetic | ayer 25 12b of the slave medium12 . In this state, a transfer
magnet i csur fd¢k KHduthe ppptreding pduet ton 31 iamal opposhiekhosshdal piftial 22
DC magnetic field H n as shown in Figure 6B, thereby nagnetically

t r ansf erthengdfitenbghetiat 1 apepror thasdder sunfaraad f dthe prrotarudidhig o t he

| ower magnetic layer 12b of the slave nedium 12. As a result, information
repeesendectiyn the satisfy the following condition,

0.05<da2/dal=1.3.
Though, in Figure 2, the thickness da2 of the soft
magnetic layer on the side surface of the protruding portion
31 is shown as the thickness of the soft magnetic layer on one
25 of the side surfaces opposed to each other in the direction

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

14



S5 irregularity patterns on the master information carrier 13 is transferred
to the lower layer 12b as shown in Figure 6C. The information represented
by the irregularity patterns on a pair of nmaster information carriers may
be transferred to opposite sides of the slave medium either sinultaneously
or in sequence. 10 In the case where the irregularity pattern representing
information to be transferred is a negative pattern reverse to the positive
pattern shown in Figures 6A to 6C, the information can be nagnetically
transfeghed R4 hg ¢ avenedijdmsidebyurexees egpb@%ddtbegabﬁngtﬁért he
initial DC nmagnétic 15 field Hin and the transfer nmagnetic fiel'd Hdu. The

| nt ensi tiheéhgfdf{&ﬂdfaﬁ b#! txl}?%trf%gﬁegha & lethoadlhd b rtrarnsf 8ppBBgge! | ©

field are determ ned on the basis of the coercive force of the slave nedi um

12, the 3pegifi e aPhbitd £ 1001 LR8 L ABRL €5 at 1 PLERURAN6RAE k§bnand the
sl ave ng i%%#ﬂan t g%l?ﬁ%.éao I'n %Ee first a%d second enﬁodinentg, a
nagneti%bB%%prding di sc such as a hard disc or high-density flexible disc
is generally ‘enpl oyed as the slave nedium 2 or 12. The nmgnetic |ayer

th foi | f t i t ial . | i Th
ergt o 1 ayer Gt b LSRRG TRARRL) SuTEREGI 8 600 E Bhafib, T

q ver t . : | am 2 has,
TPInet] SRR LIPYRUNE] Sel HEE Focds Ak Bl QAN AR T B il0or! 2 er
| rec ! | _ _ _ gnetic |e
3her eet E&g;eg@q}gaeﬁl%ﬁlg@%ﬁ&wefﬁcwé Dgngggl Hg%%geg?‘%h@ fxgge%gqoam sot r opy

easy nmagnetization 1n a directlion perpendicul ar

to the agkesybhaGen By PIATPHES, MSIEL abeIIRL -0l Car (A& Shd BiagCOr dance
y ond enbo

with first to twenfy-sec Iments of the present invention and first

to fourtdy Rl e @g@aﬁg\gﬁﬁﬁ%ﬂdﬁ 4he {oldowing 1way- #Rdn

transferred signal quali ility of the master 10 1 nformation

Parfberugner engvahidigg HRahGo’ 2| MRS enlh b thilents AN 10 the

folTow ng ta _ enb nbodi e cle’
abbr evi 2 s "ﬁg*&fﬂj]%ﬂnve%sew'oef" theSHadn®tal aRREEVil @b f

"transferred signal quality”, and "dur™ is an abbreviation of "durability".

15 Eval t@ité; ?ﬂd@fs%ﬂ?af.féﬁgifseéf eflesh @ty bbYQeal 31 ¥ o0fnd hengicgnal

repr oduce romthe slave nmedium was eval uated by the use of

el ectrorpgreths FOAVEL SiONaRLRREEAYN RIS 4ndSsRA) 1K¥AERLEI M f @hiaGs) - A
GWR head which was 0.12,umin reproduci ng head gap, 0.41 min reproducing

20 track i @t lns0a3dMskd . uecordlittg Nepd cda aRd o, 8¥hdm éfgfiRaLd Ng track
wi dt h was enpl oyed. The read signal was divided into frequencies by a

specLsr o-wHat¥&8E s b eb i fif teyrgitesr £d Als bedherin i hem pEakh é Nle@ghisy C of
the primary signal and the nmedi um noi se N obtained by extrapol ati on was 25
measur ehf ThRequalddased bbewsbfnahd epopduead ddpacéihe phrateuding
portions 31 of the irreqularity pattern as measured in the
direction of track.
The base sheet 3a of the master information carrier 3
20 may be formed of nickel, silicon, crystal, glass, aluminum,
ceramics, synthetic resin or the like. The soft magnetic layer
3b may be formed of Co, Co alloy (e.g., CoNI, CoNiZr, CoNbTaZr),
Fe, Fealloy (e.g., FeCo, FeCoNi, FeNiMo, FeAlSi, FeAl, FeTaN),
Ni or Ni alloy (e.g., NiFe). FeCo and FeCoNi are especially

25 preferable as the material of the soft magnetic layer. The

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

15



medi um was eval uated on the basis of the relative values D 24 CNwth
the difference C N between the peak intensity C of the primary signal and
t he medi um noi se N obtained fromthe same slave nmedi um by recording and
reproduci ng the sane signal by the use of the same GWR head instead of
magnetic transfer 5 taken as O db. Wen the relative value 0 C N is |arger
than -1 . 5 db, the transferred signal quality was evaluated as a good
state O when the relative value ~ CNis not smaller than -3 . 0 db and

ot a.sfalé‘%ﬁﬁ‘stcg@ Katap i e B ¢ PR SS90 RPN B PR 15 0 b
the translenced.sianal nayal 1y va6.pual utedy s, 2 a0paLal e ydbe

dur abi | | Re”Rast er on carrier was eva e foll ow ng

car i er Sé%%‘& W %%%"%ef&?%%t%?é’?éé"é&ig’fﬂptt“‘%?”&‘“?f et er "
| ”f°f%88§833fr£95n§@gﬁt@an§4 ARGIm Wt 2 chepeat edl y contacied and

separate efea surface © Sther orat i on
carrd er n erferenge pe at 480X
s AT L %ﬁ% e S SRR

portion F 8 @b%rmle StlE %gr@%ﬁb E%eogasge ster information carrier
was evalfaté e nunber of "tThe sane mas 3tob5 it was

syt et 2 g ad;%aﬁ% réersaﬁgod. cafnd BB TR J8TE SFoEBgnlt as
| nf or map, O@lp%r FLer WA 2P0 bl anfsofrerl'h%(li_aho an, gntkﬁ)é P& b \"M% %ghm,gg sl ave

medi a. PRfSE et oA Cartiers havi-Ag T Adi I nes rel.oUm

in tracﬁexgbgth8 ity 4 g55%§%% &E pitch and extended from an innernost

position ance o mthe center to 5 an outernost position

at g di stancepo h49 LEP%T{E)n y%”ﬁrfl‘&‘assc %%%rde@n Ihgmgb{:hdgf%%]Q was 0.2

u min the inne PoOsSI € grooves were amin that is,

the hei Efi%.g%; géxtr‘rgds‘}%oo&{}ﬁgkggtgﬁ?”lfo%?t V\@érQ.n%l‘f: £ hxg%%ﬁ% 3L %Piﬁ’gmﬁt! on

carrier se O anper hetic

| ayer oanaegqogégggéa(m%m%r B a%saoaﬁq%rte taagogdlxg gputtering

pressure was , and t e power supplie W cn?

The in-phang FEEQGNAG 54 ﬁ%%j@é@'e@l dﬁ&tﬂ'é%‘x’&@é’—fé‘si@@ 11:Q) O Nle MRNNET .

That is, 3.5" dISC shapedi n-p ane magneti c 15 recording nédia were prepared

by a spybigiiing FPRATALUS (p'i oHRAUT JOPLeBdr Thgespystering
apparatus was éevacuat'ed to 1.33 X 10 5Pa (1.0 X 10-'"Tort) at” the room

temﬁﬁraERF%s%@dtbh%ﬂea&QQErmﬁéahﬂlﬁOQUf?@dé@éﬁmiﬂ@dapgﬁﬁékﬂs £0ga pressure
of 4Pa (3. Omlorr Under these conditions, 20 glass discs mere “heated to

200 C apd,a: FEERSH §e£%%r dcﬁ{é[l% éhbﬁgaﬁerﬁ:lﬁ{&‘Eihti"r%léllgl-rali:é&ﬁioﬁnd a 30nm
thick Co | ayer was forned on each of the glass discs . Each of the slave

nmedi a Was Snd Tt AASO0 @SS fite rSBHEIGH 00 FEGNEE 11201d 108 sMie 3BT pOGKA M
(2500e) in coercive force. The ratios da2/dal and 25 da2/S and the angle B

of inclbpat ittle Parr@cdxwbsddersi restbbagepein tite Vel RPtROsAI on of
the irregularity pattern 26 were as shown in the follow ng table.
irregularity pattern of the photo-resist left on the glass
20 plate, thereby obtaining a matrix. Then the surface of the
matrix is plated (electroforming), and a Ni base sheet having
a positive irregularity pattern is formed on the matrix and
separated from the matrix. The Ni base sheet as it is may be
used as a master information carrier or may be used as a master

25 information carrier after forming a magnetic layer (a soft

magnetic layer in this particular embodiment) and a protective
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" Second enbodi nrent The informati on on the master information carrier were
transferred to the slave nedia in the sane manner as in the 5 first

enbodi ment except that da2/dal was changed to 0.06. Third enbodi ment The
information on the master information carrier were transferred to the sl ave
media in the same manner as in the first enbodi nent except that da2/dal was
changed to 1.3. 10 Fourth enbodi nent The information on the master
information carrier were transferred to the slave nedia in the sane nanner

as in thaykir shoerpediemanr pAeRt tih#la tdad/nS apddianged to 0.09. Fifth
enbodi nent 15 The information on the naster informati on carrier were

transferred tothBewskaye thedig il ke sare et 85 fdrhhe §éesha
enbodi ment except that da2/S was changed to 0.35. Sixth enbodi ment The

i nf or Mata@R 1@Nahhe- HRSEeEntNhOFf PR hYy Barpl&fe ML £3Pntd daskesnedeto the

slave nedia in the sane manner as in the first enbodi ment except that da2/5

was chapged nig0 @;@élga%&/@n&br@gh@g&:&re t phhte Jripf or mafdiae 0N 4 hen gt er
information carrier were transferred to the slave nedia in the sane nanner

as g thetds h&?tbgrm%ﬁé@'ﬁy BraeRhot PRE S Wast Ghangedré8sng2. Eighth
enbodi ment 27 he informati'on on the master infornmation carrier were

a resin syrup against the surface of the second matrix and

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

irregularity pattern may be formedby plating the thirdmatrix.

Further, amatrix without photo-resist layer maybe first

10 formed by etching the glass plate with an irregularity pattern

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

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

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

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

forming the metal base sheet, various metal film forming

techniques such as electroless plating, electroforming,

sputtering, or ion plating can be employed. The height of the

protruding portion (the depth of the irregularity pattern) is

20 preferably in the range of 50 to 800nm and more preferably 80

to 600nm. When the irregularity pattern represents sample

servo signals, each of the protruding portions is rectangle

having longer sides in a radial direction of the base sheet

and shorter sides in a circumferential direction of the same.

25 When the irreqularity pattern represents sample servo signals,

each of the protruding portions is preferably 0.05 to 20um
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transferred to the slave nedia in tthe sanme manner as in the first

enbodi nent except that the angle 6 of inclination of each of the side
surfaces of the protruding portion was changed 5 to 35 N nth enbodi nent The
information on the master information carrier were transferred to the sl ave
media in the same manner as in the first enbodi nent except that the angle B
of inclination of 10 each of the side surfaces of the protruding portion
was changed to 75 Tenth enbodi ment The information on the master

i nformat,i on carrler were transferred to the slave negla in the sane manner
as in tH® e ilngednisdd ﬁF“E%bé§i1¥h§V‘?hénaﬁB?e OSﬁanéPﬂﬁétlon of
each of the si surtaces of rotrudi,ng _port on ed to 2 5

El event h enbo&gﬁe (BWQﬁQﬁqhﬁ EHYSH tHe faste cEPFier were

20 transferre ave.nedia.in he first

ta.th
ehod e AT OBECERE TGP et BB VLR AnE: 1D %O&ﬂl@gche BEREES] de
surfaces of .the protrudin ortion was hang&g .to 85 Tﬁglfth enbodlnent 25
I nf or ma P oR 161 B OnBEEBPO| REGR AT IH Lk} FFRP W& OPr aRBREEPEAREs &

per pendi cul ar recor g ave_nedia in th sa ner as in_the first
enbodi né’ﬁiaté%’é%ﬁtndt Ehﬁ }Hk e P LVRAFRSGITEC iy dqsﬁngﬁécg‘l}?fsﬁv\?ﬁg manner
and a perpendicular initial nagnetic fi a per dICU r transfer
magnet i &1 éPétw@?gnﬁﬁbFleﬂY?B RS2V eﬁ%ﬁ?ﬁﬁ%% mgre

i nformation carrier erpendl Iar r%§g gﬂg slave ne i a were_produced

in the P(ﬂqf&ﬁarﬁﬂ-ynﬁﬂn@%()%Hg\[ |% edhe thickness dal

of the soft magnetic layer on the upper surface of the

protruding portion 31 and the thickness da2 of the soft magnetic
10 layer on each of the side surfaces of the protruding portion

satisfy the following condition, 0.05<da2/dal=1.3.

The relation between the thicknesses dal and da2 can be
effectively controlled by forming the soft magnetic layer by
sputtering using a collimator and/or by controlling the

15 mobility of sputtered particles on the substrate by
controlling the sputtering power.

It is preferred that a protective film such as of DLC
(diamond-like carbon) be provided on the soft magnetic layer
on the upper surface of the protruding portion 31. A lubricant

20 layer may be further provided on the protective film. A
reinforcement layer such as a Si layer may be provided between
the soft magnetic layer 3b and the protective film to enhance
the contact therebetween. The lubricant layer suppresses
deterioration indurability of the soft magnetic layer 3b, such

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

shift generated when the soft magnetic layer 3b is brought into

18



per pendi cul ar magnetic recording nedia were prepared by a sputtering
apparatus (S-50S: Shi baura Mechatronics). The 10 sputtering apparatus was
evacuated to 1.33 X 10-SPa (1.0 X 10-'Torr) at the roomtenperature and
then argon was introduced into the apparatus to a pressure of 0.4Pa
(3.0nmTorr). Under these conditions, glass discs were heated to 200 C and a
magnetic | ayer consisting of a 100nmthick N Fe |ayer, a 30nm 15 thick CTi
and 30nmthick CoCrPt |ayer was formed on each of the glass discs. Each of

t he sl av ;8 LT (4500 in saturation magnetization Ms and
199kA/nf%§g%g% Vﬁﬁﬁkg%¥%ﬂ%h§% oFEe.%ﬁhe rati os db2/dbl and db2/S and the

angle 8 of in inaegi,on 01:_11 e%crll off tpl% §ig iglrjlr%gcgs Qf theeBr.%ergi ng 20
é&lgr‘rlflﬁ Satf)erﬁ wer §°Ehowni fi-tHe Foriowi ng tabl e.

portion of t he a9

Thirteenth enbodiment The . nformation on_t.he master informt.iqQn.carrier
nor 6ok BFRGE P AR lE, S e A R R o SRR S RBE o e
enbodi nent _exgept .t hat. deﬁﬂglkya%ichan ed, t 0.3.£IT - L ~LL

_~7_-J: Piefﬁe in ¥ & i°oh 6 T er%{st Tal Rl oPT]F%Wn carrier were
transferred tqQ the sl ave dia_in_.the sane manner_ as in.tge twel.fth

enbodi ment  exAlptoIHEL HboF B4R Sad cHanBaitt 8 10 MRF L9 1 L BERERAGHBEdi nent 5
The i nformat. on nrég nast er inﬂgrnation carri.er were transfer,red to the
slave e H5F T AGTChT BT Gt eROSES PR QBRPS Let FLRCEIToGI RS BECAHR ¢ hat

b2/ S v RIS \e BetumobhSirhg, SHRCLIERL The, nfguimtion g he
same manner, as, i, e tvelfth embodi nent, except, that 02/ B ueg ghanged to
medium 2 is provided with a pair of in-line recording magnetic
10 layers 2b and 2c formed on lower and upper sides of a disc-shaped
base sheet 2a though the slave medium 2 may be provided with
a single recording layer.
Both the master information carriers 3 and 4 are in
accordance with the present invention and respectively
15 provided with irreqularity 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 layers 2b and 2c. Soft magnetic
layers 3b and 4b are formed along the irregularities.
20 Though, in Figure 3, the 1lower and upper master
information carriers 3 and 4 and the slave medium 2 are away
from each other, in the actual magnetic transfer process, the
soft magnetic layer 3b of the lower master information carrier
3 is brought into contact with or to the vicinity of the lower
25 magnetic layer 2b of the slave medium 2 and the soft magnetic

layer 4b of the upper master information carrier 4 is brought
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The information on the naster information carrier were transferred to the
slave nedia in the sane manner as in the 15 twelfth enbodi nent except that
db2/ S was changed to 0.04. Eighteenth enbodi ment The information on the

master information carrier were transferred to the slave nedia in the sane
manner as in the twelfth enbodi mrent except that db2/S was changed to 0. 42.
20 Ni neteenth enmbodi nent The informati on on the master information carrier
were transferred to the slave nedia in the same nanner as in the twelfth

enbodi nento exgrpict hathtdietandevBcohi tpal f pakhgipef magebtok 1dgesi de
surfaces of the protruding portion was changed 25 to 35 Twentieth

enbodi nept 0 80the Theatr8f peEARLKON . ON the master infornation carrier were
transferred to the slave nedia in the same nanner as in the twelfth

enbodi nent exgepictdtalpd be gl & efranRElimabianintpeash migidiei si de
surfaces of the protruding portion was changed 5 to 75 Twenty-first

enbodi neakoFAeNnHNhes TBhi 1 Pibd R stBSiRNd WAker FRELeBnEar £ eriyeF&s
transferred to the slave nedia in the sane manner as in the twelfth

enbadi ngat texgept nthatinbBeoanal gn Brjut&el amatd oac oford Dy ea6d Dwdihe side
surfaces of the protruding portion was changed to 25 Twenty-second
enbodi "BAknetic layer 2b is shown.

An initial DC magnetic field Hin is first applied to the
slavemedium 2 in one directionparallel to the recording tracks
thereof, thereby magnetizing the magnetic layer 2b of the slave

10 medium 2 as shown in Figure 4A. Thereafter, the soft magnetic
layer 3b of the lower master information carrier 3 is brought
into close contact with the lower magnetic layer 2b of the slave
medium 2. In this state, a transfer magnetic field Hdu is
applied in the direction opposite to the initial DC magnetic

15 field Hin as shown in Figure 4B, thereby magnetically
transferring the information on the master information carrier
3 to the lower magnetic layer 2b of the slave medium 2. As
a result, information represented by the irregularity pattern
on the master information carrier 3 is transferred to the lower

20 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 simultaneously or in sequence.

In the case where the irreqularity pattern representing

25 information to be transferred is a negative pattern reverse

to the positive pattern shown in Figures 4A to 4C, the

20



The information on the master information carrier were transferred to the
slave nedia in the sane manner as in the 15 twelfth enbodi nent except that
the angle 8 of inclination of each of the side surfaces of the protruding
portion was changed to 85 Conparative exanple 1 The information on the
master information carrier were 20 transferred to the slave nedia in the
sane manner as in the first enbodi nent except that da2/dal was changed to
0.09. Conparative exanple 2 The information on the master infornmation

carrier jWHSA Ak e£88dbk0 Hatthet iavel INPdE BahHféPeegan® Memweglagei N the 25
first enbodi ment except that da2/dal was changed to 1.5. 31 Conparative

exanpl enddiign b PrEBLreAngNidIe i FaStebnisnd PR § RNt CAL MChaWBERic
transferred to the slave nedia in the sane manner as in the twelfth

enbodi male 18K8 ERta i 8h e AR diHe MRSgREANEIEd 1@ Bad: STHOTRAEALI ¥ee8Xampl e 4
The informati on on the master information carrier were transferred to the

slave meyH enénnlife :9an@ Ren casi é T4 bha ek thRseabat i@xeepy that

db2/ dbl was changed to 0.7. Table ma d i a nda2/dal (db2/dbl)da2/S

(db26S) e HERermined on the basis of the coercive force of the slave
medium 2, the specific permeabilities of the master
information carrier and the slave medium, and the 1like.

A master information carrier for preformatting
perpendicular magnetic recording media in accordance with a

10 second embodiment of the present invention will be described
first.

Figure 5 is a fragmentary cross-sectional view of a part
of amaster information carrier 13 in accordance with the second
embodiment of the present invention including a protruding

15 portion 32 on a base sheet 13a taken along a line parallel to
the direction X of track. 1In Figure 5, reference numeral 13b
denotes a soft magnetic layer. In the master information
carrier 13 of this embodiment, the soft magnetic layer 13b is
formed so that the thickness dbl of the soft magnetic layer

20 on the upper surface of the protruding portion 32 and the
thickness da2 of the soft magnetic layer on the side surface
of the protruding portion 32 satisfy the following condition,

0.1<db2/db1=0.5.

Further, in this embodiment, the angle 8 of inclination

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

the irregularity pattern (the angle between the protrusion

21



(dB) durenb. 1in-plane0.50.245+0.1( 0O 0(O) enb.

2i n- pl ane0. 060. 2450. 0( O 1(O enb. 3in-planel. 30.245-0,7(0 0( O enb.

4i n- pl ane0. 50. 0945-0. 9( O 1( O enb. 5i n-pl ane0. 50. 3545-0. 4( O 2( O enb.

6i n- pl ane0. 50. 0445-1.g (p)2(O enb. 7in-planel. 50.4245-1.9(D)2( 0O enb.

8i n- pl ane0. 50. 235-1. 4(0) 1( O enb. 9i n-pl anel. 50. 275-0.4(0) 1( O enb.

10i n- pl ane0. 50. 225-2. 7(Q 2( O enb. 11i n-pl ane0. 50. 285+0. 2( O 5(D) enb.
12perpendicular0 . 110 , 24 5+0 . 5 ( O)2 ( O)enb. 13perpendicular0 . 30

5-QidelettOhi2oh A9 8Fben é%l%ﬂ%%@n@%@ft@xé,%@cééé a@ne?t@@él&g 32 m
adi a na2/dal (db2/db|)da2/S(db2/S)g ) SQ (dB) dur enb

15 I 1 4 3545+0. 1
(C)I)Oir E)(Ca))%gynrt(;fléc%r?géFp%gdﬁ%u?rgg}uﬁé%oé%gwn 4@;)%)%?”%55%%& %%%& cular0Q .

110. 424 £C% @@i%gﬂyerpeggkgg ?rol?OE%Q Tg§§18§955 £hC))O (O

)enb. 2 perpen% %u? 275 érpendlcularo
110. 225v3+5Q Q) %8%0)@31;;;1(:1%%%&9?“950%@Hagné%‘?;c légé fen, §§§h%%4 (O

)c/e. 1lin-plane0 X)c/e. 21 n-planel X)1( O c/ e.

?pe@e”(%'h%u%@%é? w%z%a%‘éaﬁls\%f(@xégr%t)&)&/n% ofLELRENALS Wray Qe?o 24 5-3

5( X)O0 master 1n ornatlon carrier nagnetic

transt e bp afle sd ANG TRAPELE G A & YsndnHRGLUM EPILPi0NY, achage sheet

havi ng an irregularity pattern representing information 5 to‘bé transferred

to an i gpl ggsERINErs Lol £OOTM] RYiBRGLUE 20daR  BRONELAS 1 AN LosFed al ong

t he |rregular|ty pattern, wherein the I nprovenent conprlses t

thi cknegs, dﬁ%‘cgést’@%oqﬁgﬂ?é i LBKEEEAR 406 CHBRer, SHEA BSRL ) enBRALT udi g

portion of the irregularity patt and the t ness

magneti ¢4 gmﬁ 'ac%%%sof délﬁmee% denaurd aces of fw;,%otgrpéra%eg 8%§i on

satisfy th owi ng condition, 0.05<da2/dal~ A master ormati on

car{ger p%srtq%fdgqea Id¥ Cﬂr?é ”i‘xjr 1dv Y Gt herf ak s On@hshbeqt Bhckpess da2 of

t he magnetic | ayer on each the side surfaces of the protruding portion
to the l8RYI iSO ﬂfﬁ%éﬁ@pss is larger than 0.05 and snaller than

The soft magnetic layer 13b may be formed by the same
manner as the soft magnetic layer 3b in the first embodiment
described above.

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

An initial DC magnetic field Hin is first applied to the

20 slave medium 2 in one direction perpendicular to the track
surface thereof, thereby magnetizing the magnetic layer 12b
of the slave medium 12 as shown in Figure 6A. Thereafter, the
soft magnetic layer 13b of the lower master information carrier
13 is brought into close contact with the lower magnetic layer

25 12b of the slave medium 12. 1In this state, a transfer magnetic

field Hdu is applied in the direction opposite to the initial
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0.4. 3. A nmaster information carrier as defined in Caim1 20 or 2 in which
the angle 8 of inclination of each of the side surfaces of the protruding
portion of the irregularity pattern is not smaller than 30 and snall er than
80 . 4. A nmaster information carrier as defined in any one of Clains 1 to 3
in which the information to be transferred 25 includes a servo signal. 5. A
master information carrier as defined in any one 34 of Clainms 1 to 4 in
whi ch the magnetic layer is a soft nagnetic |ayer or a sem -hard magnetic

layer. B¢ Am&&ﬁé?ic' NEOLRE i1p, carri ef o §R" mgﬁyu%etr@ﬁsfefh Pe

perpendlcular magneti ¢ recording nedlun1conpr|5| a basé 5 sheet” having an

i rregul ﬁggﬁagc&%g_g LERREFERLEAG 1Hfor '"{?Jf fﬂartﬁloﬁe dd a'%%f erxﬁ%QtéP a

per pendi ¢ tic recording nme |un1an a magnetic layer orned along

the |71 SQ4LaRELY PALLECDL ST NS ol AR UGHEEL SOl 505, bhat

t hi ckne e magnetic lTayer on ace o? a protrudlng

por ti on gt V%hﬁe#iﬁpﬁgyé ar iy ap &ESE{? ]?ﬂffh Hﬁat@i‘ér?g%%g polr?ftl e ghﬁaémgne“ ¢

| ayer on &ach 6 e side sur aces o) e protrudi sfy the

dof  hod TSR ROGAEERC: i ok fasar bRl B A VT O 8
sS4 t neTAAReds ?‘F—gfﬂ‘f’g e e SRR B 36 -5 T s e

i nfor m’"]_'r&%r At 'o%r rgﬁrgggh@gg B)P tgeailn}egularlty patterns on a pair

of master information carriers may be transferred to opposite
sides of the slave medium either simultaneously or in sequence.

10 In the case where the irregqularity pattern representing
information to be transferred is a negative pattern reverse
to the positive pattern shown in Figures 6A to 6C, the
information can be magnetically transferred to the slave
medium 12 by reversing the directions of the initial DCmagnetic

15 field Hin and the transfer magnetic field Hdu. The intensities
of the initial DCmagnetic field and the transfer magnetic field
are determined on the basis of the coercive force of the slave
medium 12, the specific permeabilities of the master
information carrier and the slave medium, and the like.

20 In the first and second embodiments, amagnetic recording
disc such as a hard disc or high-density flexible disc is
generally employed as the slave medium 2 or 12. The magnetic
layer thereof is generally of a coated magnetic material or
a metal film. The magnetic layer of the in-plane magnetic

25 recording medium 2 has a magnetic anisotropy where there is

an axis of easy magnetization in a direction parallel to the
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or 7 in which the angle 9 of inclination of each of the side surfaces of
the protruding portion of the irregularity pattern is not snmaller than 30
and snaller than 80 . 9. A naster information carrier as defined in any one
25 of Clainms 6 to 8 in which the information to be transferred includes a
servo signal. 35 10. A master information carrier as defined in any one
of Clains 6 to 9 in which the magnetic layer is a soft magnetic |layer or a
sem -hard nmagnetic layer. 11. A magnetic transfer nmethod for magnetically 5

transf efyiiyRg tikfror NBtd On, Cafkédady BnBBSHRIGHJHiQr Matd (- Cab ki ekhe
conprising a base sheet haV|ng an |rregular|ty pattern representing

| nf o Ma i be AN ars Mk  PoB0rd Ing! ABA1TROTS! itad egOndingiedi um and

a magnetic layer formed along the irregularity pattern, to an in-plane

magneti ¢, rﬁ%grtﬁn;oﬁiﬁﬂéﬁx%r@%%@eh%'é&g z?xf@ téaps) e%ﬁz"a%%n QL'Pl ne side

t her eof onpr|5|ng t he steps an initial magneti c
field t ﬂgﬁﬁfbﬁﬂﬁgg? é&rggq{ ég&héﬁgf @.dlrectlon parallel to
t he trac er eof e magnetic |ayer the in-plane magnetic

recogdi Rg, idmis 15 nagnetlzed in the dlrectlon and then applying a
transfer magnetic field in a direction opposite to the direction of the

i ni tial DC megpetics: §hebinhsbiedRONSEd G ayehrahnkbe. IBANAL & keCor di ng

medi um and t he nagnetlc ayer of ormation carrier with the

MRgnet i G\l ARaS-Ss ARt 28 £0ONE 3GL WA D GRG 1 an SRS RN the

i mpr ovenent conprlses t t hi ckness d e magnetic Iayer on the

upper surd g6 af, eoaggkau%eged;p&hg 90,80 d g a1 éarleWﬁggﬁmyon t he

master infornation carrier an ness a2 of the etrc |ayer

on each gyt f’eerxséﬁfs%.%g?a géla*lﬁggflctfhg@h% bHCirl B S @le Sg&é e

foll owi ng condition hod as Fimed in
d aim 1% A ¢ MU €14 R& 1atd Y Qb rkehevh MhgkBESEn Oc'_fhé *]f%ﬂ%ﬂﬁef{ Maln@ger. on each

of e side surfaces of the protruding portion to the length S of the

Fecess SrHsS rbangeri 4 BABwWA. Q{Stﬁe%&%dﬂ%kﬂemw 4in tBe fubBL hodype defined
in any one of Clains 10 to 12 in which the angle 6 of inclination of each

of the sjgde~gupbachRane?, t he/BrotilcUGNGLINOFdT LN Ddnt B8 Mebaghahalditye pattern
is not smaller than 30 and snaller than 80 . 10 14. A magneti c transfer

met hod f&ofampoeref i egbly ity adief epbirBgihBi OhMRIA ONc EafsFELrBY & igmsher
information carrier, conprising a base sheet having an irregularity pattern

represenﬁui@htﬁﬂprﬁﬁalG@uiﬂ be 4n anishesv £4lt 1 6n B perPepdbeuli ayymagnet i ¢
recordi ng medi um and a magnetic |layer 15 forned along the irregularity
pat 1 8rn,E¥L0l @a PESREHEi €l af r GRSt i €d I SLM Al nguaedi ¢ym havi ng a magnetic
| ayer at Teast on one side thereof, the nethod conprising the steps of
appl ying an i @damtmﬂmg@ebngnéllefébf@d\hdﬂ@dpﬂl‘qﬁeﬁﬂlé:udiG'r&waﬂﬁlnc
recording mediumin a direction perpendicular to the track

was evaluated by the use of electromagnetic conversion

property meter (SS-60: KYODO Electronics). A GMR head which

was 0.12um in reproducing head gap, 0.41lum in reproducing
20 track width, 0.2 gm in recording head gap and 0.67 g m in
recording track width was employed. 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

25 measured. The quality of the signal reproduced from the slave

medium was evaluated on the basis of the relative values A
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20 plane thereof so that the nmagnetic |ayer of the perpendicular magnetic
recording nmediumis magnetized in the direction and then applying a
transfer magnetic field in a direction opposite to the direction of the
initial DC magnetic field to the nagnetic |ayer of the nagnetic recording
medi um and the 25 magnetic |ayer of the master information carrier with the
magnetic |layers held in a close contact with each other, wherein 37 t he

i nprovenent conprises that the thickness dbl of the magnetic |ayer on the

upper S!JE:ff/ﬁcﬁiEB BnO' &1 F B OG- P U i B QfedilGHd %%QHJ ahitlhsRLt ergron the
master intormation carrier and the thickness db2 of the 5 magnetic |ayer on

each of the sdgasyr {25881 Ofnd henPnAld ah QY b OB caalicH ¥ rbliechal | owi ng

condition, 0O.1< 1¢0.5. 15. A master infornmation carrier as defined in

daim 14%8@’@1&&?@&@%2&% It nighh £ NeSF-dfu d ity HH@ﬁ%ﬂ% slignan 10 on

each of the si the protruding portion to ength S of the

recess 1yl BOSESL AN DS AMIGIRLER 1A% 0u e MorpuTastenntakor malion

carrier a ined I'n aim1l4 or 1 i nclination of

each of Lhe iS5, 8l deysurfaces o, Lhg proLryding ROLA] QD 9h e LrgRoul arity

pattern i's not smal'er than smal

A Aol G R Al B S G Re e Rt * "

AT SR e e

db and not smaller than -1.5 db, the transferred signal quality
was evaluated as a fair state A and when the relative value
10 AC/N is smaller than -3.0 db, the transferred signal quality

was evaluated as a poor state X.

The durability of the master information carrier was
evaluated in the following manner. That is, with the contact
pressure between the master information carrier and the slave

15 medium set to 0.49Mpa (5.0kgf/cm?), the master information
carrier and the slave medium were repeatedly contacted and
separated 1000 times. Thereafter, the surface of the master
information carrier was observed through differential
interference microscope at 480X in 500 random fields of view.

20 Then if the number of worn or cracked portions is tow or less,
the durability of the master information carrier was evaluated
as good O, if the number of the same was 3 to 5, it was evaluated
as fair A and if the number of the same was 6 or more, it was
evaluated as poor X.

25 First embodiment

Information on a master information carrier was

25
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5 first embodiment except that da2/dal was changed to 0.06.

Third embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/dal was changed to 1.3.

10 Fourth embodiment

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

Fifth embodiment

15 The information on the master information carrier were
transferred to the slave media in the same manner as in the
first embodiment except that da2/S was changed to 0.35.

Sixth embodiment

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

Seventh embodiment

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

Eighth embodiment
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each of the side surfaces of the protruding portion was changed

5 to 35°

Ninth embodiment

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

first embodiment except that the angle 6 of inclination of

10 each of the side surfaces of the protruding portion was changed

to 75°

Tenth embodiment

The information on the master information carrier were
transferred to the slave media in the same manner as in the
15 first embodiment except that the angle 8 of inclination of
each of the side surfaces of the protruding portion was changed

to 25°

Eleventh embodiment

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

to 85°

Twelfth embodiment

25 Information on a master information carrier was

transferred to a perpendicular recording slave media in the
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information carrier.

The perpendicular recording slave media were produced
in the following manner. That 1is, 3.5” disc-shaped
perpendicular magnetic recording media were prepared by a
sputtering apparatus (S-50S: Shibaura Mechatronics). The
sputtering apparatus was evacuated to 1.33X107°Pa (1.0 X
107'Torr) at the room temperature and then argon was introduced
into the apparatus to a pressure of 0.4Pa (3.0mTorr). Under
these conditions, glass discs were heated to 200° C and a
magnetic layer consisting of a 100nm thick NiFe layer, a 30nm
thick CrTi and 30nm thick CoCrPt layer was formed on each of
the glass discs. Each of the slave media was 5.7T (4500 Gauss)
in saturation magnetization Ms and 199kA/m (2500e) in coercive
force. The ratios db2/dbl and db2/S and the angle 8 of
inclination of each of the side surfaces of the protruding
portion of the irregularity pattern were as shown in the
following table.

Thirteenth embodiment

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

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

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

Sixteenth embodiment

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

Seventeenth embodiment

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

Eighteenth embodiment

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

20 Nineteenth embodiment

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

25 to 35°

Twentieth embodiment
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The information on the master information carrier were

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

twelfth embodiment except that the angle 0 of inclination of
10 each of the side surfaces of the protruding portion was changed
to 25°

Twenty-second embodiment

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

to 85°

Comparative example 1

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

Comparative example 2

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

25 first embodiment except that da2/dal was changed to 1.5.
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] aBPE: 10! The information on the master information carrier
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-PSTWMI: @ 3Qk10eq 0% Re (X159 1040D% (- tABZs3R8 manner as in the
twelfth embodiment except that db2/dbl was changed to 0.1.

5 Comparative example 4

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

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

Table
medium| da2/dal da2/s ] SQ dur
(db2/dbl) | (db2/S) | (° ) (dB)

emb. 1lin-plane 0.5 0.2 45 +0.1(0O) | 0(0)
emb. 2|in-plane 0.06 0.2 45 0.0(0O) 1(O)
emb, 3{in-plane 1.3 0.2 45 -0.7(0) 0(0O)
emb. 4|lin-plane 0.5 0.09 45 -0.9(0) | 1(O)
emb. 5|{in-plane 0.5 0.35 45 -0.4(0) 2(0)
emb. 6 |]in-plane 0.5 0.04 45 ~1.8(A) 2(0O)
emb. 7|in-plane 0.5 0.42 45 -1.9(A) | 2(0)
emb. 8 |in-plane 0.5 0.2 35 ~1.4(0O) 1(O)
emb. 9|in-plane 0.5 0.2 75 -0.4(O) 1(0)
emb. 10 |in-plane 0.5 0.2 25 -2.7(A) 2(0)
emb. 11 |in-plane 0.5 0.2 85 +0.2(0O) | 5(A)
emb. 12 | perpendicular 0.11 0.2 45 [ +0.5(0) { 2(0O)
emb. 13 | perpendicular 0.3 0.2 45 1 -0.1(0O) | 2(0O)
emb. 14 | perpendicular 0.49 0.2 45 1-0.2(0) | 1(O)
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emb. 15 | perpendicular 0.11 0.09 45 | -0.7(0O) | 1(O)

emb. 16 | perpendicular 0.11 0.35 45 140.1(0O) | 1(0O)

emb. 17 | perpendicular 0.11 0.04 45 | -2.1(A) | 2(0O)

emb. 18 | perpendicular 0.11 0.42 45 -2.9(A) 1(O)

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

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

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

emb. 22 | perpendicular 0.11 0.2 85 [+0.8(0O) | 4(0)

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

c/e. 2lin~-plane 1.5 0.2 45 -2.3(X) 1(O)

c/e. 3 | perpendicular 0.1 0.2 45 | -0.5(Q0) | 10(X)

c/e. 4 | perpendicular 0.7 0.2 45 | -3.5(xX) | 0(O)
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sheet having an irreqularity pattern representing information
5 tobe transferred to an in-plane magnetic recording medium and
a magnetic layer formed along the irregqularity pattern,
wherein the improvement comprises that
the thickness dal of the magnetic layer on the upper
surface of a protruding portion of the irregularity pattern
10 and the thickness da2 of the magnetic layer on each of the side
surfaces of the protruding portion satisfy the following
condition,
0.05<da2/dal=1.3.
2. A master information carrier as defined in Claim 1
15 in which the ratio of the thickness da2 of the magnetic layer
on each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4.
3. A master information carrier as defined in Claim 1
20 or 2 in which the angle 6 of inclination of each of the side
surfaces of the protruding portion of the irregularity pattern
is not smaller than 30° and smaller than 80°
4. A master information carrier as defined in any one
of Claims 1 to 3 in which the information to be transferred
25 includes a servo signal.

5. A master information carrier as defined in any one
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surfaces of the protruding portion satisfy the following

noc Fooo U

condition,
0.1<db2/db1=0.5.

15 7. A master information carrier as defined in Claim 6
in which the ratio of the thickness db2 of the magnetic layer
on each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4.

20 8. A master information carrier as defined in Claim 6
or 7 in which the angle 6 of inclination of each of the side
surfaces of the protruding portion of the irregularity pattern
is not smaller than 30° and smaller than 80°

9. A master information carrier as defined in any one

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

includes a servo signal.
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magnetlc field in a dlrectlon opposite to the direction of the

initial DC magnetic field to the magnetic layer of the magnetic

recording medium and the magnetic 1layer of the master

information carrier with the magnetic layers held in a close

20 contact with each other, wherein the improvement comprises
that

the thickness dal of the magnetic layer on the upper

surface of a protruding portion of the irregularity pattern

on the master information carrier and the thickness da2 of the

25 magnetic layer on each of the side surfaces of the protruding

portion satisfy the following condition,
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is not smaller than 30° and smaller than 80°
10 14. A magnetic transfer method for magnetically
transferring information carried by a master information
carrier, comprising a base sheet having an irregqularity
pattern representing information to be transferred to a
perpendicular magnetic recording medium and a magnetic layer
15 formed along the irregularity pattern, to a perpendicular
magnetic recording medium having a magnetic layer at least on
one side thereof, the method comprising the steps of applying
an initial DC magnetic field to the perpendicular magnetic
recording medium in a direction perpendicular to the track
20 plane thereof so that the magnetic layer of the perpendicular
magnetic recording medium is magnetized in the direction and
then applying a transfer magnetic field in a direction opposite
to the direction of the initial DC magnetic field to the
magnetic layer of the magnetic recording medium and the
25 nmagnetic layer of the master information carrier with the

magnetic layers held in a close contact with each other, wherein
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15

the improvement comprises that

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

0.1<db2/db1=0.5.

15. A master information carrier as defined in Claim
14 in which the ratio of the thickness of the magnetic layer
on each of the side surfaces of the protruding portion to the
length S of the recess is larger than 0.05 and smaller than
0.4,

16. A master information carrier as defined in Claim

14 or 15 in which the angle 6 of inclination of each of the

side surfaces of the protruding portion of the irreqularity

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