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recordi ng medi um on which a magnetization pattern is formed b
transfer. Description of the Related Art Wth an increase in infg
gquantity, there has been 10 a demand for a nmagnetic recordi ng nmec
is high in nenory capacity, low in cost and preferably require

time to read out a necessary part of data (a nmagnetic recordi naw
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magneti c recordi ng nmedium there has been known a high 15 recordi
magneti ¢ nedi um such as a hard disc or a ZIP ( lonega) in the for
flexible disc . In such a high recording density magnetic medi um
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the data at a high S/Nratio, BgédsafcEne ckpvanti@nt racki ng techni que has
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Description of the Related Art

With an increase in information quantity, there has been

10 ademand for a magnetic recording medium which is high in memory

capacity, low in cost and preferably requires a short time to

read out a necessary part of data (a magnetic recording medium

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

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

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

(Iomega) in the form of a flexible disc. 1In such a high

recording density magnetic medium, the recording area

is

formed by narrow data tracks. 1In order to cause a magnetic

head to accurately trace such narrow data tracks and reproduce

20 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

to write servo information such as servo tracking signals for

positioning the data tracks, address signals for the data

25 tracks and reproduction clock signals on the magnetic

recording medium as a preformat upon production thereof.

At
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present, such preformat recording is performed by the use of a specialized
servo recordi ng apparatus (a servo track witer) . However, the prefornat
recordi ng by the conventional servo recordi ng apparatus is di sadvant ageous
inthat it takes a long 5 tine since the servo information nmust be recorded
on the magnetic recordi ng nmedi um one by one by the use of a magnetic head,
whi ch deteriorates the productivity. As a nethod of recording the prefornat
accurately and efficiently, there has been proposed, for instance, in 10
Japanese Unepmeseared Batbnprdéidinadateonrding G pe88pri83643 thandse&mf ed
States Patent No. 6,347,016, a magnetic transfer nethod in which a pattern
whi ch is foraspecnadiredtservornfaromingrenranaters ndervpriasak wriwmrivo
information is copied to a nagnetic recording nmedium (a slave nedi unm) by
magneti c 15 ieweidor then prisdomnghereecxdtidrsar theheonugneienat isvryrattern
representing the information (e. g., servo information) carried by a naster
i nf or mati on ¥@PFENY SPRAFRELS é&lq?ﬁﬁatq"’éﬁé?ﬁéﬁ%ﬁ iy Rt HE Bakeer 199Dr mati on
carrier to a slave 20 nedium by applying a transfer magnetic field to the
sl ave nedi untHPRl $hecomsher SERTQr Mt P BIAGHP e IE Rt ERIOMah @acH %t her

and accordi ngl the inforpation carried by t t i tiaon, i
ohn he ot at agier e s BrALA T At G0E MOl E IR TR Te P RS TE 1 on

bet ween t he ster .25 . informatiop carrier and the, slave nmedi um kept
const ant . Thrg%} ’ac“(':holrcéll %ﬁ%t%l?ﬁ%{;?rségtnhe ipcrogirue%slyé;c?"the preformat recording

2 As a method of recording the preformat accurately and

efficiently, there has been proposed, for instance, in
10 Japanese Unexamined Patent Publication No. 63(1988)-183623,

and United States Patent No. 6,347,016, a magnetic transfer

method in which a pattern which is formed on a master

information carrier and represents servo information is copied

to a magnetic recording medium (a slave medium) by magnetic
15 transfer.

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

20 mediumbyapplying a transfer magnetic field to the slave medium
and the master information in close contact with each other,
and accordingly, the information carried by the master
information carrier can be statically recorded on the slave
medium with the relative position between the master

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

according to the magnetic transfer, the preformat recording



can be perfornmed accurately and the tine required for the preformat
recording is very short. United States Patent No . 6, 347, 016 discloses a
magneti c transfer nethod using a patterned master having thereon. an 5
irregularity pattern (a pattern of protruding portions and recessed
portions) representing information to be transferred. Further, we have
proposed, in our Japanese Unexam ned Patent Publication No. 2001-14467, a
magnetic transfer nethod in which a soft magnetic |ayer snmall in coercive
force is foroed 4 perfidmmealrdameatelyhangr cheuding peqbiosd fHir tdtes
substrate of the master information carrier, the magnetic |ayer of the
sl ave nedi unprefOGatagecoirdedgi hsoveryi stextti.on of the recording tracks and
a transfer magnetic layer is applied to the slave mediumin the direction
opposite to the diUndéedoPtates Retest DO -nhgpeli ¥l FdAChP S¢S hoadrefiiet i c
| ayer of the slave mediumheld in close contact with the soft nmagnetic
| ayer of thetFaRtfEr metdhosdatiséngcar Prekernef grasdert bavénri Sheredi g density
recording, it is necessary to reduce the particle volunme of the nagnetic 20
mat eri al .2 HoWeRRFULar th&@abirtncl(@ RaFERR! it (O TRIGRBEI BORRE RS AADecones
smal ler, it becones. inpossible for a nagnetic _head to record a_high
frequency siREToSAR BOF LGP AGPREGPRN 1h LC5ORFar 1B LPAtoFAFRGE TG a
data signal gan .be detected by signal.processing 25 .such as P even if it
GRS SeLratT G oemedta: b S inare ress SIonERsPotant T

is not recor ecord l?lty t hat

a servo sign e tagt,able if it _is.n i 0y Sat uration
recording. Sl Wﬁf | mﬁ%ﬁ%h Vi fénﬁggfkt%ﬁeg?%égg% g’gg% Cg%ar%]iati ons
and descri pty{ofh 8o PE IMBRNE AR 861ePlsnlaN PR &SRNFcivBVEM DA si Botfedr OVi de
an 5 i nexpensive magnetic Tecording nedium by recording a signal in

saturat i@ re&gahd Bgroic@ dmgnetprotiedng portbshdf Aotdistebracét of the
present invention is to provide an inexpensive magnetic recordi ng nmedi um
for distributheomabyerdadotimadinotcaonliyra tder nagse gital apert od tdat alsvgnal on
a magnetic 10 recording nmedium In accordance with the present invention,
there is medium is DC-magnetized in one direction of the recording

tracks and a transfer magnetic layer is applied to the slave
medium in the direction opposite to the direction of the
15 DC-magnetization with the magnetic layer of the slave medium
held in close contact with the soft magnetic layer of the master
information carrier.
In order to realize a high density recording, it is
necessary to reduce the particle volume of the magnetic
20 material. However, as the particle volume of the magnetic
material becomes smaller, it becomes impossible for a magnetic
head to record a high frequency signal on a recording medium
in saturation recording.
Though a data signal can be detected by signal processing
25 suchas PRMLeven if it is not recorded in saturation recording,

there is a strong probability that a servo signal becomes



provided a flexi ble magnetic recordi ng nedi um conprising a non-magnetic

| ayer and a nagnetic | ayer consisting of ferromagnetic powder dispersed in
bi nder which are formed on 15 a base sheet in this order, wherein the

i mprovenent conprises that the ferromagnetic powder is not snaller than
158kA/ m (about 20000e) in coercive force Hc(VSM as neasured by a vibrating
sanpl e magnetoneter and is not larger than 100 in 20 KuV/ kT (wherein Ku
represents an ani sotropy constant, V represents a volune, k represents a
Bol t zmann cowsdetractabd eTifept esema: arcabdeliuir sammtdonr epcohdthgis a
paraneter of thermal fluctuation, and a nmagnetization pattern representing
predet erm ned 25 i nformati onSHMMAREEPE fTHHEERNVENTIOY nagnetic | ayer by
magnetic transfer. 4 It is preferred that the ferromagnetic powder be
ferromagnetic netdn Pt hef EoregrigierPechERhyonalafeArEEEiPpbI®RI . Wien
the ferromagnetic powder is not smaller than 278kA./m5 in coercive force
Hc(VSM as nERREddapy abieef 45 tesRipi hdgiersdtiets therpydAetIr
recording mediumis especially suitable as a,read-only recordi ng nmedi um
The coer vel?%ﬁHﬁPq%¥ea§aﬁﬂﬁ§g?E%FQRFQ%n@iHF {PRgPY FEgnét 8hBtet neans

a val ue obt aj ned thrqggh measur.enent near 10 .the v for %ﬁaobserved time

h | ,
of |10 Second® JATYRARAPRr AEFRHOE RALON (o TASEIRST: TFAYEFLBE et Ty ger

Another object of the present invention is to provide
an inexpensive magnetic recording medium for distribution by
recording not only a servo signal but a data signal on a magnetic

10 recording medium.

In accordance with the present invention, there is
provided a flexible magnetic recording medium comprising a
non-magnetic layer and a magnetic layer consisting of
ferromagnetic powder dispersed in binder which are formed on

15 a base sheet in this order, wherein the improvement comprises
that

the ferromagnetic powder is not smaller than 158kA/m
(about 20000e) in coercive force Hc(VSM) as measured by a
vibrating sample magnetometer and is not larger than 100 in

20 KuV/kT (wherein Ku represents an anisotropy constant, V
represents a volume, k represents a Boltzmann constant and T
represents an absolute temperature) which is a parameter of
thermal fluctuation, and

a magnetization pattern representing predetermined

25 information has been formed on the magnetic layer by magnetic

transfer.



than 3nmin center plane nmean roughness. Further it is preferred that the
magnetic | ayer be not |arger than 5x10-zTy~-min [err] m (magnetic fl ux
density X 15 thickness of the magnetic layer). Further it is preferred that
the ferromagneti c powder be not larger than 1 X 10-I[err]JcnB in volune .
Further, it is preferred that the ferromagneti c powder be not smaller than
1X109J/ nB in ani sotropy constant Ku. 20 The "non-magnetic |ayer" need not
be conpletely non-nmagnetic so long as it is substantially non-nagnetic and
t he magneti sm t herlgof iss mefffarciednt thatweake asfexaopagedt e t Ipowide rmaget | ¢

| ayer consisting of ferromagnetic powder dispersed in binder. 25 It is
preferred thferrdeagnegrict igtal powgattaer ferepragwitiicnise pradetlef af netk
information be forned on the 5 magneti c | ayer by nmagnetic transfer in

whi ch a tranB¢etermgnetic field is applied to the magnetic recordi ng medi um
in close contact with a master information carrier provided thereon a
magnetic | ayer pattemtheFREsemInRtihrowdey d8@cérsialder Hiat 488 kdMso t hat
a magneti zatjon pattern corresponding to the nagnetic | ayer pattern is
fornmed orP t hi! Ve Ifeyer B (YHd r?asgﬁ@[aiser?@gla!cﬁ g Predioth samRle
"magnetic |ayer pattern representi the predeterm.ned information' may
conprise, fo a?rhegttod?ﬁtee,r’a @l?os“fa}gé’te a\ﬁer‘r%r%éngnm[ew‘é@uf‘ir FF?eﬁh?f n
formed on thg sgé&ﬁge ther%%% an nggnetéf | ayer.s formed at | east on

protrudi ng pO?%IOﬂS of° théS rfgﬁuVarl?%rpé} eFﬁlgﬁ'the substrate, a

Tagnet | 1 ayer o orpSUIRa Y h T AOECRCA” R FraRer el The TP PaSraTy

magnetic | ayers e n recessed portions o e .
pattern on thggsdsiddemednd & Vil SHPSiAA en2BdgRBaNalUreneaYehsaf or Ned

in a pattern on the flat substrate. That is, the master information carrier
i s so-cald edtlRe value for an observed time of 10 seconds.
It is preferred that the magnetic layer be not larger
than 3nm in center plane mean roughness.
Further it is preferred that the magnetic layer be not
larger than 5x10'LT-pm in ¢ m (magnetic flux density X
15 thickness of the magnetic layer).
Further it is preferred that the ferromagnetic powder
be not larger than 1X10™Yecm® in volume.
Further, it is preferred that the ferromagnetic powder
be not smaller than 1X10'J/m® in anisotropy constant Ku.
20 The “non-magnetic layer” need not be completely
non-magnetic so long as it is substantially non-magnetic and
the magnetism thereof is sufficiently weak as compared with
the magnetic layer consisting of ferromagnetic powder
dispersed in binder.

25 It 1is preferred that the magnetization pattern

representing predetermined information be formed on the



patterned master information carrier which bears thereon information not as
a magnetization pattern but as a magnetic 20 | ayer pattern. As the nmagnetic
| ayers of the master information carrier, soft magnetic |ayers are optimal.
The "predeterm ned information” nay be, for instance, a servo signal. Wen
the ferromagneti c powder of the magnetic |layer is 25 not smaller than
158kA/ m (about 20000e) in coercive force He (VSM as neasured by a
vibrating sanple nagnetoneter and. is 6 not larger than 100 in KuV/ kT
which is a pasgnetes 0Qhyéhebiamaghueivattiransrehe igf fvanitdhvea ceeansser f orce
of the magnetic layer at the signal frequency is increased so that
saturation reaghdthg fdfels thalpplhydthe ther m@dnamignettortng reedanei b
i npossi bl e. Wiereas, since recording is statically effected in magnetic
transfer, sighabs canthetretohdedmasteat unfornatiesordrnijebypragnédd c
transfer. As disclosed in "I EEE TRANS. ON MAG 17, No.6, Nov. 1981, pp3020
to 3020", magheregmti an- inagediion- tiapeeppateay ofepfeswerigigve tloece He
is represented by the following formula. 2Ku kT ~ Az H z = M5 x 1- KuY
xI n U. 693 Si reederereivrgdi e drmedd ope sgs theds @ apgpptazetbeat Pagternmpl e
magnet oneter (VSM is a value obtained through nmeasurenent near the val ue
for an obser G8HTEFRRNGING (OsbRYMpInetdct hayer pattern is formed on the
magneti zati on-inversi Qn-ti ne- dependency of, coercir\i&\, force H is .
st andar di zed™BY EETV/SMPYES 1oF | She. Mpdneh i -veRRITING | FegiinA, /THE KT xin
A 10 KuY 0. Q93 nKt%J.Y (Ol'a693 20 \Agerr ein Kq:er eg;_erslenttshean %réi sot 589%6
constant, Ms F'epreseht s Y&Eur BRHon r?rad:ﬁé’ti 28t ohY K replpesgﬁtg a o(iltzmann
constant (1. 3HXL0 BECH My TohEPISSLMS, AN-R0R0LULE JHMALUREViNG
represents a volune, A represents a spin precessional
10 an irregularity pattern formed on the surface thereof and
magnetic layers formed at least on protruding portions of the
irregularity pattern on the substrate, a substrate having an
irregularity pattern formed on the surface thereof and
magnetic layers embedded in recessed portions of the
15 irregularity pattern on the substrate, and a flat substrate
and magnetic layers formed in a pattern on the flat substrate.
That is, the master information carrier is so-called a
patterned master information carrier which bears thereon
information not as a magnetization pattern but as a magnetic
20 layer pattern. As the magnetic layers of the master
information carrier, soft magnetic layers are optimal.
The “predetermined information" may be, for instance,
a servo signal.
When the ferromagnetic powder of the magnetic layer is

25 not smaller than 158kA/m (about 20000e) in coercive force Hc

(VSM) as measured by a vibrating sample magnetometer and is



7 frequency (2 X 109/sec) and z represents the magnetization inversion
time. For exanple, when the absolute tenperature T=300K and KuV/ kT=75, 100,
150 and 200, change of Hc(t)/Hc(VSM with t 5 is as shown in the follow ng
table 1. table 1 He (z ) /Hc (VSM KuV/ kT1

011. E-O11. E-021. E-031. E-091. E-051. E- 061. E- 071. E- 08751. 001. 061. 131. 201. 281. 3
61.451. 561. 671. 821001. 001. 051. 101. 151. 211. 271. 331. 411. 501. 601501. 001. 031. 07
1.101.141.191. 231. 281. 34i . 422001. 001. 031. 051. 081. 111. 151. 181. 231. 271. 33 10
The table 1 As: akapRedtRsn Hi0PULR BavASr GANCRE S 8ePatifdRdl 8¢l €hdrmdhe
effective coercive force increases as the t becones smaller. Further, for a
gi ven z, theraidteitiv,CadeCiofFel@ice kbekeasesrasckudf kihderagmste saral | er.
Especially, when KuV/kT is not |arger than 100, the 15

magnet i zat i oraydw atstiod-diignmaldependaimy ief indrealddessd ittatcoat airyeidor ce He
is large and the effective coercive force becones not smaller than 1 . 5
times He (VSMcoarditriye ofigaégnahs i by itheerrsimmalt imeynek iX 1edd tloedondd- e, at
the current signal frequency at which the normal magnetic head wites and
erases. 20 Aowweghiigley, Whereahe sioeecreeofdimge ibes {atSMaldly ¢hfeated
ferromagneti c powder of the nmagnetic |layer is not snmaller than 158kA/ m and
KuV/ KT i s notn magg@tichinanebert hel efylec chpebe oegednged dpceabpratiommgnet i ¢
| ayer beconmes too_ |arge for the normal nagnetic head to wite on the
magneti ¢ rectRMEH e dvumPgnrRsat BF3$ /¥ recording. That is, though

magnet | ¢ head tecRICRORT<ed oo SEAES MR T ohe Y ae Sueal 08T
magneti ¢ nea ecniio (0] ) ' !

t ti ' h tiC.r ] di b ic t fer.
Accor di ngl y. P 08 8Bbi dEA R B s T R AR R et o o

recordi megll ; r pl,osLe ti [ iumat a
hi gh de%g)i ty%é(;{&l‘}o%vef?;%%aﬁkl %Séi f%ﬁ%ﬁ%’%bﬁ %Qﬁgcggégﬁﬂg aft.&grt e%riagneti C
i ) -Fti c layer has a snooth surface

material is fine in parzkcl i th
and the magnetic |mye)=FS%x Ilgn-iﬁz \fckhess. Wien the magnetic |ayer
06§ 0 spacing | oss upon recording

S
surface i s rough, the S/M§ di?le\/il@r”ate
and/ or

Since the coercive force Hc as measured by a vibrating

sample magnetometer (VSM) is a value obtained through
measurement near the value for an observed time of 10 seconds,
15 the magnetization-inversion-time-dependency of coercive

force Hc is standardized by Hc(VSM) as follows.

I e e 0]

20 wherein Ku represents an anisotropy constant, Ms represents
saturation magnetization, k represents a Boltzmann constant
(1.38><10*6erg/K), T represents an absolute temperature, V

represents a volume, A represents a spin precessional



nodul ati on noi se. Wien [err] m (magnetic flux density X thickness of the 20
magnetic layer) is larger than 5x10-2Tum the S/ N deteriorates due to

out put drop caused by sel f-demagnetizati on and/ or waveforminterference.
Wien the ferromagnetic powder is larger than 1 X 1p-17cn8 in vol unme, noise
is increased and the S/ N deteriorates. 25 Wien the ferromagnetic powder is
smaller than 1 X 104J/nB in ani sotropy constant Ku, recorded magneti zation
vani shes and 9 the S/ N deteriorates. BRI EF DECRI PTI ON OF THE DRAW NGS
Figure 1 is apegxdladed Refengek) Vany &w o3 darb! ensl Q\%%gé\:ﬂ?t{'&‘}“ um and
a pair of master i1 nformation 5 carriers caf}ylng t her eon ster 1 nformation
to be transf envedsish appresite sides of the slave nmedium Figures 2A to 2C
are views for illustrating basic steps of magnetic transfer to a magnetic
recordi ng nedi um Fuid ekiagple, 3whén aaHy aplolepeesatpgd figdrablre 300K 18nd
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS I n Figure 1, a pair of pieces of

i nformati on HEué/kTisf d0led160 appdxide chiadge of Hc Mgt (VsM)eedtHi ng
medium 2 in accordance with an enbodi nent of the present invention froma
pai r of nast&s asfdromt iion ther fpétewBnarthbile 15 The nagnetic recordi ng
medium 2 is a flexible disc and conprises a disc-1like base sheet 2a and
magnetic | ayers 2b and 2c formed on opposite sides of the base sheet 2a.
More particularly, a priner layer which is substantially non-magnetic is
formed on the base sheet 2a on each side thereof 20 and a magnetic | ayer

2b, conprising ferromagnetic netal pogﬁgr 3r ferromagneti ¢ hexagonal
ferrite powder dispersed in binder, i d on each priner |ayer. The
ferromagnet {c nmefal powder or ferro ngtgﬁ{Q§§ﬁ?onal ferrite powder | s not
smal | er thap 158kA/ m (about 20000e) i 8 Si orce Hc(VSM as neaslured

Kuv/kT [ 10 1 1.E-01 | 1,E-02 | 1,E-03 | 1.E-04 { 1.E-05 | 1.E-06 | 1.E-07 | 1,E-08

75 11.00|1.06]1.13{1.20(1.28(1.36(1.45]11.56{1.67|1.82

100 }1.00}1.05}1.10(1.15(1,2111.27}1.33|1.41]1.50]1.60

150 |1.0041.03|1.07|1.10{1.14|1.19}1.23|1.28}1.34(1.42

200 |1.00}1.03(1.05{1.08}1.11}1.15|1.18}1.23|1.27 1.33

10 The table 1 is graphed as Figure 3. As can be seen from
Fiqure 3, the effective coercive force increases as thg T
becomes smaller. Further, for a given 1, the effective
coercive force increases as KuV/kT becomes smaller.
Especially, when KuV/kT 1is not larger than 100, the

15 magnetization-inversion-time-dependency of the effective
coercive force Hc is large and the effective coercive fokce
becomes not smaller than 1.5 times Hc (VSM) in the magnetization
inversion time, 1 X 10”7 to 1x107%, at the current signal
frequency at which the normal magnetic head writes and erases.

20 Accordingly, when the coercive force Hc (VSM) of the
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25 by a vibrating sanple magnetoneter and is not |larger than 1,00 in KuV/ kT
(which is a paraneter of thermal fluctuation. 10 As shown in Figure 1,
the master information carriers 3 and 4 are like a disc in shape and
conprises substrates 3a and 4a having irregularity patterns (e. g., servo
signals) representing information to be transferred to the magnetic 5
| ayers 2b and 2c of the nagnetic recording nedia (slave nedia) and soft
magnetic | ayers 3b and 4b provided along the irregularity patterns on the
substrates 3geaRchathetiRepbhdegukaind MaBabt £& NayEesPeabt elan 1637 hed by the
master information carriers 3 and 4 represent information to be 10
transferred 198kAan | OV KHRGEL i€ heyeladPe@dnghihel Oppethsngnetéeivayer 2c.
By way of exanple, in the case of the master information carrier 3, the
i rregul arit ycpatdere fbscé arfirete imagnlee idolgfetibebbki€s aopal £t ¢€ WdECthded by
the dashed line in Figure 1. 15 The master information carriers 3 and 4
need not be homdlkaatoethe heladuicd wreétefort hhe rexgnediioerd codedimeexnadphe, t he
master information carriers 3 and 4 may conprise a substrate having thereon
an irregl aringaparaeion grdoadsngt Magheis,cthaysh sptovadboh akongdmyy t he
top surfaces of the protruding 20 portions of the irregularity pattern or a
fl at substrafe theyhagneti¢ secendfag anetidnsby ttheagnerert praamnetdicnyeadrti ons
formed on the flat surface in a pattern. The substrate of the master
i nf or mati on E&FRRRYOHRy e tBPARHLYOr iSighance, cAt Meck&rcosppfcol a

num ceram cs or,_synthetic resin,, The soft

t | at | . 25 al . )
ﬂgg:]etzi (F:) ?a%?g‘h’g%tslﬁ’é’ f’f)%fb‘glu 109591 nSHSnBRINGFL CoFe R FeEUm PY - ooNi
11 CoN Z NDOT , E [ . d. FeCo, .F Ni FeN M,
Foal s Fon T RaTaRsho i o REBNELTe ¥ eV BaFR et ngo P hmt e f al
of the soft ppENRIiG 'r@é%rrdeﬁegg and rﬁzwicarr%cg§8§ﬁgalj€%ailﬂﬁ.ef erable. 5

The substrate of the master i nformation carrier havin ereon the

irregularity patteimo@iekhe RAIRENAf i GaBhet i Hdl &b RO RBS: GANaDE
fornmed, for instance, by the use of stanper nethod or photolithography. The

soft magnet i & Hiayedendit Prot AohRd thHarl Debity egen?arit ¥ slikqaidaintiye vari ous
vacuum filmform ng techni ques or plating nethods such as vacuum

deposi tion, sthainagmetgc mateplal iimgfand irmealritkelef s hagnehiecmagtetial . The

t hi ckness of the soft magnetic layer is preferably 50 to 500nm and nore
preferably 8baY®r 3@Gnm smBth spsfpeefand shetmaanet sy degeride shelll Bhto 30nm

t hi ck .
15 thickness.

When the magnetic layer surface is rough, the 8/N
deteriorates due to spacing loss upon recording and/or
modulation noise.

When ¢ m (magnetic flux density X thickness of the

20 magnetic layer) is larger than 5x10'2T-pm, the S/N deteriorates
due to output drop caused by self-demagnetization and/or
waveform interference.

When the ferromagnetic powder is larger than 1X107 7cm?
in volume, noise is increased and the S/N deteriorates.

25 When the ferromagnetic powder is smaller than 1X10%*J/m?

in anisotropy constant Ku, recorded magnetization vanishes and
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such as of DLC (dianond-1ike carbon) be provided on the soft magnetic |ayer
on the upper surface of the protruding portion. A lubricant |ayer may be
further provided on the protective film A reinforcenent |ayer such as a Si
| ayer may be provided 20 between the soft magnetic |layer and the protective
filmto enhance the contact therebetween. The l|ubricant |ayer suppresses
deterioration in durability of the magnetic |ayer, such as scratches due to
friction, which occurs in correcting for a shift generated when the

magneti c | ay@fe isyNOR4ERE okrBE8s 25 contact with the slave nedium Magnetic
transfer of information to a slave nedium 12 (magnetic recordi ng nedi um
i n accordance with the ppegert pEoreptton o IduEberaARsREsbed with reference
to Figures 2A to 2C, hereinbelow. In Figures 2A to 2C, only the | ower
magnetic | ayer 2bFigugbown. Hs Aarn NiekbabdO& nEgnRiddtifvieel di&lvn o5 fa rst
applied to the slave medium 2 in one direction parallel to the recording
tracks ther etdyblichevieley saguet madingnm tdved nagradin ofl agete?biwfotnes ixinave
medium 2 in an initial DC nmagnetization as shown in Figure 2A. Thereafter,
t he magnet i ccdmyier Bbapfyinptheneen master itGoirmabiomtiodre toansd Bari@d s
brought into close contact with the | ower magnetic |ayer 2b of the slave
medi um 2. | ntQ MPRPotidee sidesr afste sheayiremedipmel d Hdu is applied in the
direction opposite to the initial DC magnetic field H n as shown in Figure
2B, thereby magnefii@4FE§ 24 &Rsferdtienyiene foi 6F HasHeAT 619 PRELES HRARSt er
information carrier 3 to the_| ower nmagnetic |ayer 2b of tE,e sl ave nmedi um 2.

As a resul t,°F MAFVRiCokTREBFFEEeh? Y nate S FREgLRRRY t° rePA%n t he

master informati org.i§a%i rig S }ra}lnsrfeerrréesgn oL hte |PE\3I\EJ{] magnetic | ayer 2b
as shown in Figure EFSTRe T nf of |onprepresen?eda%y the irregularity 20

patternggon a pair ofDE{glag\tI%rM'bgf ggn@ﬁé %ﬁlﬁgq@' sMEBY1 Fd a_nsf erred to

opposite sides of the slave nedium either sinultaneously or in sequence. In

the case where then regailaarityapaidiar nof epiesest io?g id¥iRtban 4, be
transferred is a negative pattern reverse 25 to the positive pattern shown

in Figures 2fdrsfAGreldheol s¥pysinid edéanoba magnetic aepriii agsieiird to the
sl ave 13 medi um 2 by reversing the directions of the initial DC magnetic
field H n and irheccoanshee wiatinetr enboglidehituof M preerstt imserdfidrhe
initial DC magnetic field and the
from a pair of master information carriers 3 and 4.
15 The magnetic recording medium 2 is 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. More
particularly, a primer layer which 1is substantially
non-magnetic is formed on the base sheet 2a on each side thereof
20 and a magnetic layer 2b, comprising ferromagnetic metal powder
or ferromagnetic hexagonal ferrite powder dispersed in binder,
is formed on each primer layer. The ferromagneticmetal powder
or ferromagnetic hexagonal ferrite powder is not smaller than
158kA/m (about 20000e) in coercive force Hc(VSM) as measured

25 Dby a vibrating sample magnetometer and is not larger than 100

in KuV/kT (which is a parameter of thermal fluctuation.

10



transfer magnetic field are determi ned on the basis of the 5 coercive force
of the slave nedium 2, the specific perneabilities of the nmaster
information carrier and the slave nmedium and the |like. Exanples 10

Fl exi bl e magnetic discs which satisfied the condition, that the magnetic

| ayer consists of ferromagnetic powder which is not smaller than 158kA/ m
(about 20000e) in coercive force He (VSM as neasured by a vibrating sanple
magnetoneter and is not larger than 100 in KuV/ kT, (will be referred to as

first 15 to ninth el aEahsrisiRe 1 kRCiBst )i fidndtich dhdypotssatisfy

the condition (will be referred’to as "first and second conparative

exanpl es (/8. adaaNt &/ ¢iké)a dildeeih! SxatM @niPEpRb: £séd St rhbasf 84 st
conparati ve exanple satisfied KuV/ kT<10 but did not satisfy

Hc(VSM >158kAhf) 4andatlfg2@ribgxidt irgisdi(8G gf kBeveesogfals)
conparati ve exanple satisfied (VS >158kA/ m but did not satisfy

KuV/ kT<100) wepeepentiiwedinfornae ivaetof bBatfididrgmhgnetthe fnagdeticsi gnal s
wire recorded on the flexible magnetic discs with a magnetic head and by
magneti c 5ranaspers@idabliiland thmafnst gnaksorépmodeded 25 dveometibe)

flexi bl e discs were neasured. Magnetic properties were neasured by the use
of a 14  vibnrdt iswf tsampyeetiegnéeperst eBb( Touki iKogyrowyidedhe lvmd nibhe
magnetic field applied was 10kOe(796kA/m and the observed tinme near the He
was 10 secona§rewbafaht$opabwr%n@@aﬁbeK@UM§rﬁr§9§uﬁédabssd t4fe usEhef 5 a
torque magnetoneter RTR-2 (Touei Kog The val ue of rotational
hysteresis | 6§§e9\}‘l§\7é%t¥ma§m%ﬁ‘%pﬁ?§5’?fbtlt"(?ltYhézanr%Eseéld Ranpte BaABgRetic
field whose intensi

the val ues o™ ﬂlam?%%(%le.aa PR b et SeE arat pibtraP VAL e
reciproosy 10L4bH oLyt bs LALCASILY, Alahhe epplisd smanedl el ghiorAn

intensity of mane frelrd ero eres

Y"f‘f‘egron themﬁ&h%@ﬂﬁﬁa an‘é' cpll lydoﬁbggﬁnﬁﬁ\@é, thtﬁ}{enégsé%feeﬂé ARetaLing a
portion-o curvw and“was taken as Hk. Then the ani sotropy
constant was jh%oemhebRted Heenf i@l dreqularity pattern is formed in
the doughnut-like area circumscribed by the dashed line in
Figure 1.

15 The master information carriers 3 and 4 need not be
limited to the structure of this embodiment. For example, the
master information carriers 3 and 4 may comprise a substrate
having thereon an irregularity pattern and a soft magnetic
layer provided along only the top surfaces of the protruding

20 portions of the irregularity patternor a flat substrate having
a flat surface and soft magnetic protruding portions formed
on the flat surface in a pattern.

The substrate of the master information carrier may be
formed, for instance, of nickel, silicon, a quartz plate, glass,

25 aluminum, ceramics or synthetic resin. The soft magnetic

layer may be formed, for instance, of Co, Co alloys (e.g., CoNi,

11



H

Ku=H k X Ms / 2 wherein Ms represents the saturation nmagnetization. The SN1
was neasured in the follow ng manner. Signals of 150kfci (flux change per
inch) were recorded on the nagnetic 20 recording nedia at a di stance of
22mm from the center of the magnetic disc by the use of read/wite anal yzer
RWA1601 (Guzik Co.) and Spin Stand LS90 (Kyodo Denshi System Co.) and an

i nductive/ MR conposite head which was 0. eumin the gap of the recording
core, formed of Permalloy, 2umin the read track width, 25 0.25umin the

seal ed gap |@sidy addednoTeREPAUE! i N2 QU PHIt(eQl . | hedisatk @l | FdieIMdyas
nmeasured by a TR4171 Spectrum Anal yzer 15 (Advantest). The SN2 was

measured in prdrLdigl Femi nthdrener) , Nigealhs afl13b9kfeCig. yemerdecondecheon the
magneti c recording media by magnetic transfer. Then by the use of

read/ wite ansdemarl S RWHS0do{CuRadndinic ) laydapi NFRanthd S8ECqNdy atlee Denshi
System Co. ) , an inductive/ MR conposite head which was 0.4umin the gap
of the recorebsparicdrly, prefpedbdé. Permal | oy, 2umin the read track w dth,
0.25umin the sealed gap length and a TR4171 Spectrum Anal yzer (Advantest),
repr oducti on out pdheosubpsierdfemn @ £10hams s tferinfiasmabhsuced rigrahgosid i on at
a distance of 22mm fromthe center of the magnetic disc. The result was as
shown in thethoesw Bleet dbregplagbtpopattesn aqmptlke 2rgthern of the

protruding portions can be formed, for instance, by the use
of stamper method or photolithography.
The soft magnetic layer may be formed on the irregularity

10 pattern by various vacuum film forming techniques or plating
methods such as vacuum deposition, sputtering, ion plating and
the like of magnetic material. The thickness of the soft
magnetic layer is preferably 50 to 500nm and more preferably
80 to 300nm.

15 It is preferred that a protective film 5 to 30nm thick
such as of DLC (diamond~like carbon) be provided on the soft
magnetic layer on the upper surface of the protruding portion.
A lubricant layer may be further provided on the protective
film. A reinforcement layer such as a Si layer may be provided

20 between the soft magnetic layer and the protective film to
enhance the contact therebetween. The 1lubricant layer
suppresses deterioration in durability of the magnetic layer,
such as scratches due to friction, which occurs in correcting
for a shift generated when the magnetic layer is brought into

25 contact with the slave medium.

Magnetic transfer of information to a slave medium

12



nnmthick. nmvV ¢ m3H kKA MKu J/ m3KuVVKkTRa nm~ mT |1Zm S/ N1 dB S/ N2
dBenb. 13 095. 3X10-181986. 8X104862. 52, 5X10' 21525emh, 22

683. 5X10' 182007, 5X104692. 02X10-21427enb. 33

095. 3X10' 181986. 8X109862. 82. 4X10-21424enb. 93

095. 3X10-181986. 8X104862. 71, 2X10' 21625enb, 53 095. 3X10-181986. 8X109~

862. 09. 5X10' 21524enb. 63 095. 3X10-181986. 8X104863. 22, 5X10' 21320enb. 73
095. 3X10-181986. 8X104861. 85, 3X10' 21421enb. 84

2101. 1X10- 1~ EN0FRRDri2 nG X8 2id2 Oty cc@3Fdance with the present

5108. 0X10-182760. 9X109172. 02. 5X10' 2920c/e. 13

095. 3X10- 181G rikovd v6.2 14Be 6dd bt/ wieh 28ference to Figures 2A to

5108. 0X10-182016. 2X1041192. 82. 5X10' 22023 In table 2, dia. and thick.
respecti vel y2¢raerehabdlsvande Bieywrsesn 28ppn26d ardrt thesl wfent haghetiagonal
system 5 Ba-ferrite crystal and the thickness of the sane. As can be
under st ood flawex a4 2 shiownt he case of the flexible discs of the first to

ni nth enbodi ments, the neasured , , .
5 An initial DC magnetic field Hin is first applied to the

slavemedium 2 in one direction parallel to the recording tracks

thereof, thereby magnetizing the magnetic layer 2b of the slave

medium 2 in an initial DC magnetization as shown in Figure 2A.

Thereafter, the magnetic layer 3b of the lower master

10 information carrier 3 is brought into close contact with the

lower magnetic layer 2b of the slave medium 2. In this state,

a transfer magnetic field Hdu is applied in the direction

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

2B, thereby magnetically transferring the information on the

15 master information carrier 3 to the lower magnetic layer 2b

of the slave medium 2. As a result, information represented

by the irregularity pattern on the master information carrier

3 is transferred to the lower magnetic layer 2b as shown in

Figure 2C. The information represented by the irregularity

20 patterns on a pair of master information carriers may be

transferred to opposite sides of the slave medium either
simultaneously or in sequence.

In the case where the irregularity pattern representing

information to be transferred is a negative pattern reverse

25 to the positive pattern shown in Figures 2A to 2C, the

information can be magnetically transferred to the slave

13



values of S/N2 were all not snaller than 20dB t hough the neasured val ues of
S/N1 were all smaller than 20dB. S/N not 10 snmller than 20dB is
satisfactory for a reproduction signal of a servo signal. Wereas, in the
case of the first conparative exanple, the neasured values of S/N1 and S/ N2
are both smaller than 20dB, which neans that the servo signal cannot 17

be satisfactorily read out. In the case of the second conparative exanple,
the nmeasured value of S/NL is 20dB and it is possible to record a servo

si gnal on theediwe2diy raeesebuhiheshipacadione oibhplaikiah Df RAgGREIC head.
5 Thus, in the case of the magnetic recording nedia of the first to ninth
embodi nent s, £1¢14 Higb K tdey grPB?fﬁ’é ragnedrigc fdeydntighet i zati on pattern by

magneti c transfer though difficult with a pagnetic heagd. \Wereas, the
magnetic recor di ngd et iR OFt¥sfeof itha 18y Cimponstdmpftetd 2adiththi e 10

f di i I it.her..b ic transf ith ti

nead. I n t heCFARE O AR St gndi PLC T BLor O 1 WAL RPof (P nESSEeoht THE
. o1 TR TgnEdl i e

pat Lorn 1ot nER B Tagri [PAnsPof ofieTh ifbngr c Shacobag 1 W v

1. A Tl exi bl 5. ARANRL G §RCOF %Eg?ar?t@r“m%’m?a(éi%n”&aﬁri aHBYAR! L £a@yer and
a magnetic layer consisting o erromagnet i ¢ powder dispersed in binder
which are foRoBdPN 2P dd@Sqigheet in this order, wherein the inprovenent

conpri ses that

Examples
10 Flexible magnetic discs which satisfied the condition,
that the magnetic layer consists of ferromagnetic powder which
is not smaller than 158kA/m (about 20000e) in coercive force
Hc (VSM) as measured by a vibrating sample magnetometer and is
not larger than 100 in KuV/kT, (will be referred to as first
15 to ninth embodiments (emb. 1 to emb. 9)) and which did not
satisfy the condition (will be referred to as “first and second
comparative examples (c/e. 1 and c/e. 2)” (the flexible
magnetic disc of the first comparative example satisfied
Kuv/kT<100 but did not satisfy Hc(VSM)>158kA/m, and the
20 flexible magnetic disc of the second comparative example
satisfied He (VSM)>158kA/m but did not satisfy KuV/kT<100) were
produced by the use of Ba-ferrite magnetic powder, signals were
recorded on the flexible magnetic discs with a magnetic héad
and by magnetic transfer and SN1 and SN2 of signals reproduced
25 from the flexible discs were measured.

Magnetic properties were measured by the use of a

14
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the ferromagnetic powder is not smaller than 158kA/min coercive force
Hc(VSM as neasured by a vibrating sanple nagnetoneter and is not | arger
than 100 in KuV/ kT (wherein Ku 10 represents an ani sotropy constant, V
represents a volune, k represents a Boltzmann constant and T represents an
absol ute tenperature) which is a paraneter of thermal fluctuation, and a
magneti zation pattern representing predeterm ned information has been
formed on the magnetic |ayer by nmagnetic 15 transfer. 2. A flexible

magnet i ¢ r ecoiliagl mediannlas rdghetiedetbai (Tdudin Kegyshn)t.heTher naxdmumet i ¢
powder is ferromagnetic nmetal powder or ferromagnetic hexagonal ferrite
powder. 3. Andgrstit of isdgherpd iedcwadi hgkOetl Ukldm)dendnsle20bseved 1 or 2
in which the magnetization pattern representing predeternined information
is forned ontime peRamdiliec Hcayas bBY aeeerdsc transfer in which a transfer
magnetic field is applied to the magnetic recording mediumin close contact
with a naster infoMfeNdSCEEPPY FORTIARTIEY VAR BRMSWESFhdYethe PEa§RE pattern

25 representing the predeterm ned infaormation so that a nagnetj zati on
pattern cor s pORANRGMEGNT I HRINAIE 2 dysrietokooygils sBiagvatue of

rotational hysteresis loss Wr was measured applying to the
erased sample a magnetic field whose intensity was gradually
increased up to 10kOe (796kA/m), and the values of the
rotational hysteresis loss were plotted versus a reciprocal
10 (1/H) of the intensity of the applied magnetic field. An
intensity of the magnetic field at which the rotational
hysteresis loss Wr was 0 on the stronger magnetic field side
was obtained by extrapolating a linear portion of the Wr curve
and was taken as Hk. Then the anisotropy constant was
15 calculated from formula
Ku=Hk XMs/2
wherein Ms represents the saturation magnetization.
The SN1 was measured in the following manner. Signals
of 150kfci (flux change per inch) were recorded on the magnetic
20 recording media at a distance of 22mm from the center of the
magnetic disc by the use of read/write analyzer RWA1601 (Guzik
Co.) and Spin Stand LS90 (Kyodo Denshi System Co.) and. an
inductive/ MR composite head which was 0.4um in the gap of the
recording core, formed of Permalloy, 2um in the read track width,
25 0.25um in the sealed gap length. Then, reproduction output

of the head amplifier was measured by a TR4171 SpectrumAnalyzer

15



pattern is forned on the nmagnetic | ayer of the nagnetic recording nmedi um
20 . A Au. AN, . A A. A&@ AS. A, . AS. AS. A&( S. AaS. A A2. Aa. A& A& A&2. A; | . A9P! e] ]

() P{vqgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] cMa] ca] ca] ca] ca] ca] c<al] c<a] c<a] cTa! F[ | VBy) ~

I'")[}xsnid_Z]]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca! <yb:; JL;

<?XJ}xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] cdhdwedntd=a)) ca) cal ca] ca] ca! JR/ g4k"i @

'} xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
Ca] ca] ca] ca] ca] ca] b SpcusaieEiured indthe following manner. Signals
#HHH#HAH#>SSSNYG g%;% %y %z % %-00ERE &&Y&+&} xqkd™Ynid_Z] ] caV]ca V]c”aV]ca
V] c”a] ca] ca] e8] tad ki dlers] caFesfed] onthe] papealta) xejudliog) vafea)kun] cal ca)
caJ ca] ca] ca
+&& B T W[ ' magnetijc gtzansfer. . Thep by wkhg (132 )3 \I)eza@dk’f’f&‘%:?qﬂﬁa%?%lr Z] ca] ca

N
eal cal caf cal gl g) Galek el 5ol oal o2 sab oM sl Gga st Vi cral ea
an inductive/ MR composite head which was 0.4um in the gap of
the recording core, formed of Permalloy, 2pm in the read track
width, 0.25pum in the sealed gap length and a TR4171 Spectrum
Analyzer (Advantest), reproduction output of +the head
10 amplifier was measured in a position at a distance of 22mm from
the center of the magnetic disc.

The result was as shown in the following table 2,

15

20

25
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In table 2,

dia.

and thick.

respectively mean the

distance between opposed vertexes of the hexagonal system

Ba-ferrite crystal and the thickness of the same.

As can be understood from table 2, in the case of the

flexible discs of the first to ninth embodiments, the measured

values of S/N2 were all not smaller than 20dB though the

measured values of S/N1 were all smaller than 20dB.

of a servo signal.

Whereas,

S/N no

t

smaller than 20dB is satisfactory for a reproduction signal

in the case of the first

comparative example, the measured values of S/N1 and S/N2 are

both smaller than 20dB, which means that the servo signal cannot
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hus, inthe case of the magnetic re ng medy the

first to ninth embodiments, it is possible to form a
satisfactory magnetization pattern by magnetic transfer
though difficult with a magnetic head. Whereas, the magnetic
recording medium of the first comparative example is suitable

10 for recording a signal neither by magnetic transfer nor with
a magnetic head. 1In the case of the magnetic recording medium

of the second comparative example, it is possible to form a
satisfactory magnetization pattern both by a magnetic transfer

and with a magnetic head.
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25 representing the predetermined information so that a

magnetization pattern corresponding to the magnetic layer
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