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BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to a master nmediumwhich bears information, and is used in a
process for magnetically transferring the infornation fromthe master
mediumto a slave nmedium The present invention also relates to a process
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transferring the information from the master medium to a

preC|ser within a narro
slave medium. The present invention also relates to a process
for magnetically transferring informétion from a master
medium to a slave medium. The present invention further
relates to a magnetic recording medium in which information
is recorded bf magnetically transferring the information from
a master medium to the magnetic recording medium.
Dgscriptiop of the Related Art

Recently, the amount of information which is reguired
to be handled and stored is increasing. Therefore, there are
demands for an inexpensive magnetic recording medium which
can store a large amount of information, and be preferably
accessed at high speed so that an arbitrary portion of
information can be read out quickly. The high-density
flexible disk is known as an example of such a magnetic
recording medium. The so-called tracking servo technique
plays an important role in realizing a high-density flexible
disk having great capacity. Due to the tracking servo

technique, a magnetic head can move precisely within a narrow



10 March 2004 2 track width, and a signal can be regenerated with a hi gh
SINratio. A so-called preformat including a tracking sewm ﬂ%jm
address information signal, a regeneration clock signal, i ke is
recorded on the track of the disk so that the signal s constltutlng t he
preformat appear at predetermined intervals during each rotation of the
di sk. The negnetic head is arranged so 4hat the magnetic head can nove
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a naStercéﬁxkéqglﬁiec1sely on the track by reading the signals in the

\ } preformat and correcting its own position. Conventionally,

the preformat is produced by recording the signals on each
disk on a track-by-track basis by using a dedicated servo
recording apparatus. However, it takes a long time to record
the preformat by using the servo recording apparatus.
Therefore, the cost of the preformat recording forms a
consi@erable proportion of the total manufgcturing cost, and
thus reduction of the preformat recording cost is required.

on the other hand, Japanese Unexamined Patent

v Publications Nos. 63 (1988)-183623, 10 (1998)-40544, and 10
(1998) -269566 disclose technigues of recording a preformat by
magnetic transfer, instead of recording signals constituting
the preformat on.the track-by-track basis.

JUPP 63 (1988)-183623 and JUPP 10 (1998)-40544 disclose
methods of recording magnetization patterns corresponding to
information signals ‘on a magnetic recording medium (as a
slave medium). In the disclosed methods, a master medium is

prepared for magnetic transfer. The master medium is produced



prepared for magnetic transfer. The master nediumis produced 10 March 2004
3 by forming relieved portions having shapes correspondi Rg Ma‘?l‘%

information signals on a surface of a substrate, and further formng a
thin magnetic filmat |east on the relieved portions of the substrate. The
sl ave nmedium has the formof a sheet or disk, and includes a thin
ferromagnetic filmor a nagnetic- povvde’r | ayer. The rragnetic transfer IS
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magnetic field to the master medium so as to excite the
magnetic material (thin film) formed on the relieved portions
of the master medium. Thus, the magnetization patterns
corresponding to the relieved portions of the master medium
are recorded on the slave medium.

Since, according to the above methods of recording
magnetization patterns by magnetic transfer, the relieved
portions of the master medium are placed in close contact
with the slave medium which is to be preformatted, and the
magnetic material on the relieved portions are concurrently
excited so as to record the predetermined patterns on the
slave medium, the patterns can be statically recorded on the
slave medium without changing the relative positions of the
master medium and the slave medium. Thus, the preformat can
be precisely recorded, and the time needed for the
preformatting is very short.

However, when the above methods of recording

magnetization patterns by magnetic transfer are used for



However, when the above nethods of recording nmagnetization patterns by
magnetic transfer are used for 10 March 2004 4 recordi ngy fefddjggnal s on
a magnetic recording nedium(as a slave nedium, it is necessary to
precisely formservo patterns at respectively appropriate positions over
the entire area of a magnetic recording nedium where the servo patterns
each have a size of the order of one mcrometer or |ess. For exanple, the
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addition, in the nmethods of recordi ng nmagneti zati on

respectively. Since the servo patterns respectively indicate
addresses of information items, the respective servo patterns
must be different.

Micropatterns as mentioned above can be recorded by the
lithography techniques which are conventicnally wused in
manufacturing semiconductor devices or magnetic heads.
However, in the lithography technigques, an original image 1is
reduced in order to increase accuracy. Therefore, the area
which can be exposed by one exposing operation is limited to
about 2 cm square. When a large-size pattern is recorded by
repeating the exposure of the 2 cm square, the large-size
pattern includes an array of identical patterns. That is, it
is difficult to form the servo patterns on a magnetic
recording medium by using the above lithography techniques
since the servo‘patterns are respectively different.

In addition, in the methods of recording magnetization
patterns by magnetic transfer, the master medium is placed in

c¢lose contact with the slave medium during the magnetic

transfer operation. Therefore, when the magnetic transfer



patterns by magnetic transfer, the master nediumis placed in close
contact with the slave nediumduring the nmagnetic transfer operation.
Therefore, when the magnetic transfer 5 10 March 2004 Operation is
performed a nunber of times, the relieved patterns representin

i nformati on wear down, and therefore the accuracy of the rragnl@g’?aé"htz?%nsfer
decreases. Further, when dust exists between the master nedium and the
slave nmedium the dust may scratch the surfaces of the relieved portions

of the ster nmediym |In these, cases, the master di um nmust be repl aced.
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with a2RddRredietias cos7

A need exists to provide a master medium for use in magnetic transfer, which

is inexpensive and easy to produce.

A further need exists to provide a process for magnetically transferring
information to a magnetic recording medium by using a master medium which is

inexpensive and easy to produce.

A further need exists to provide a slave medium which is inexpensive and

easy to produce.
SUMMARY

(1) According to the first aspect of the present invention, there is provided a
master medium for use in magnetic transfer of information to a magnetic recording

medium. The master medium comprises a substrate which is made



m crorecess pattern being forned on a surface of the substrate and
representing the above information, and a magnetic |ayeg, n the
mcrorelief or mcrorecess pattern. The master nedium according to the
first aspect of the present invention nay al so have one or any possible
conmbi nation of the follow ng additional features (i) to (iv). (i) The
substrate and the mcrorelief or m<Trorecess pattern may be fornmed by
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mcrorelief pattern (ii1) The Substrat the mcrorelie m Crorecess
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an original plate having a mcrorecess or mcrorelief pattern
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phot opol yneri zati on net hod. According to this nethod, a resin solti 6h
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and is then cured (photopolynerized) by exposure to ultraviolet l'ight so
that theaetsed resin has a shape corresponding to the mcrorecess or

mcrorelief pattern of the original plate. (iii) The above information nmay

be a servo si gnad .madtd) MBGiaHI HACR LfiddecSUPSLY @&ngp%%ﬁd%&thigﬁﬁarch

mcrorelief or mcrorecess pattern may beé supported by a ol der.
2004 7 present invention may also have one or any possible
combination of the following additional features (i) to (iv).

f“w . (i) The substrate and the microrelief or
microrecess pattern may be formed by injection molding using
an original plate having a microrecess or microrelief pattern.

(ii) The substrate and the microrelief oxr
microrecess pattern may be formed by a 2P method using an
ultraviolet-curing resin and an original plate having a
microrecess or microrelief pattern.

The 2P method using an ultraviolet-curing resin is
a well known photopolymerization method. According to this
method, a resin solution containing an ultraviolet-curing
resin is applied to the original plate, and is then cured
(photopolymerized) by exposure to ultraviolet light so that
the cured resin has a shape corresponding to the microrecess
or microrelief ﬁattern of the original plate.

(iii) The above information may be a servo signal.

{iv) The surface of the éubstrate opposite to the
microrelief or microrecess pattern may be supported by a

holder.



Since the substrate of the master nmedium according to the first aspect of
the present invention is made of resin, and integrally W?QQEQ1¥5 h a
mcrorelief or mcrorecess pattern, the master nedi um used T n Tegnhetic
transfer of information signals (such as servo signals) to a magnetic
recordi ng nmedi um can be produced at |ow cost with a desired accuracy. In
particular, a great nunmber of identital resin substrates can be produced
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remai ni RGNS Lint B PHPLALESES Ly injection molding or the 2P

{"} method using one original plate. Therefore, the qualitative
stability of the magnetic transfer can be maintained by
timely replacing the master medium in response to increase in
the number of the magnetic transfer operations.

For example, the substrate of the master medium is
produced as follows.

While rotating a glass plate coated with a photoresist,
laser 1light or an electron beam modulated with information
such as the servo signals is applied to the glass plate so
that portions of the entire surface of the photoresist on the
glass plate, which constitute a predetermined pattern, are
exposed to the modulated laser light or an electron beam.
Next, the above portions of the photoresist exposed to the
modulated laserr light or an electron beam arel removed by
development, and portions of the glass plate which are
exposed by the removal of the photoresist portions are etched
S0 as to form a microrecess pattern {(negative pattern) on the

glass plate. Then, Jthe remaining portioms of the photoresist



10 March 2004 8 are renoved, and plating processing and el ectrof orm ng
processing.are performed by using the glass plate etched @imH@p i n order
to produce a nother plate having a microrelief pattern 8p05| I've pattern).
In the case where the substrate has a microrecess pattern, this nother
plate is used as the original plate. Alternatively, when the 2P nethod is
used, the glass plate etched as abbve can be used as the original plate.
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mcrorelief or m orecess pattern having a size e ordaer or- one

nicromﬁﬁ¥afg.lﬁﬁﬁhC@Wbb§b£95n§ga§E plate or mother plate 1is not used

Ty

3 as the original plate, further electroforming processing is

performed on the mother plate in order to produce a plated
original plate (as a stamper) having a microrecess pattern
{negative pattern). Alternatively, the plated original plate
may Dbe prdduced by performing plating processing and
electroforming processing immediately on the glass plate
after the developing‘process of the photoresist. ‘
Thereafter, a resin molding is produced by the 2P
method or the 1like using one of the above original plates
having a microrelief or microrecess pattern (positive or
negative pattern). This resin molding is used as the
substrate of the master medium for magnetic transfer. The
microrelief or microrecess pattern on the surface of the
master medium can be transferred to a magnetic recording
medium. When the substrate of the master medium is produced
as above, a microrelief or microrecess pattern having a size
of the order of one micrometer or less can be formed at

arbitrary position on the entire surface of the magnetic



“arbitrary position on the entire surface of the magnetic 10 Marc} 2004 9 °
recording medium For exanple, when the above microreliefgQicHBdgqor ecess
pattern of the substrate is coated with a magnetic |ayer having a
predet erm ned thickness by sputtering or the like, a master medi um which
bears information to be nagnetically transferred, in the formof a
mcrorelief or mcrorecess pattern of 2magnetic material, is obtained. In
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mediums) can be produced by using one original plate. Further,
the above glass plate and mother plate can also be used
repeatedly.

It is preferable that the resin c¢onstituting the
substrate has the Young's modulus of 1.5 X 10° Pa or greater.
It is further preferable that the Young's modulus of the
substrate is 2.5 X 10° Pa or greater. In addition, preferably,
the thickness of the resin substrate ‘is 0.3 to 1.2 mm (more
preferably 0.5 to 1.0 mm) when the substrate is formed by
injection molding, and 30 to 80 micrometers (more preferably
40 to 60 micrometers) when the substrate is formed by the 2P
method.

(2) The magnetic transfer is achieved by placing the
slave medium in contact with the microrelief or microrecess
pattern of thermaster medium, and applying a magnetic field
to' the master medium for transferring the information
represented by the microrelief or microrecess pattern to the
slave medium. For example, according to the second aspect of

the present invention, there is provided a process for



sl ave medi um For exanple, according to the second aspect of the present
invention, there is provided a process for 10 March 2004, R/Iarmti cally
transferring information froma naster nediumto a nagnetic recording

medi um The process conprises the steps of: (a) performng an initial
direct-current magneti zation of the magnetic recording nediumin a first
direction; (b) placing the naster di um and the nmagnetic recordi ng nedi um
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directions of the initi magnetlzatlon 0 e magnetic recording ne
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are inverted accordingly. e mast er rumused in the process according

to the of the master medlum; and (c) applying to the master medium a

(? magnetic field in a second direction approximately opposite
to the first direction. The master medium comprises a
substrate which is made of resin, and integrally molded with
the microrelief or microrecess pattern.

Regardless of whether the microrelief or microrecess
pattern of the resin substrate is a true copy or a reverse
copy of the microrecess pattern formed on the aforementioned
glass plate (i.e., regardless of whether the pattern formed
on the resin substrate is a microrelief pattern or a
microrecess pattern), the pattern formed on the magnetic
recording medium is magnetized in the same way when the
directions of the 1initial magnetization of the magnetic
recording medium and the magnetic field applied to the master
medium for magnétic transfer are inverted accordingly.

The master medium used in the process according to the
second aspect of the present invention may also have one or

any possible combination of the aforementioned additional

features (i) to {iwv).



second aspect of the present invention may al so have one or any possible
conbi nation of the aforenentioned additional features (Hél\rfa? t{éd@ 10
March 2004 11 (3) According to the third aspect of the presen? |n\'/d'enti on,
there is provided a nagnetic recording nmedi umon which information is
recorded, where the information is nbgnetically transferred froma naster
mediumto the magnetic recording nmedium the naster medi um conprises a
substrate which is made of resin, and integrally nolded with a mcrorelief
or mcrorecess pattern being formed on a surface of the substrate wherein
a magnetic (AyRecordingoioie hirdiarpest of e eresent grvemtiepothese is proyadedan, and
the m i M : t- ' il The

st or MRt ool AR R w AR i dhlaBh 8 PR bl Sh B ket bl
medi umismagnedticalyt teandierrédhfrody aspaster ofedium tetes arignetiv eedordimgragdiing,o have

one or , an ossi bl.e conbination of the aforenentioned additional feature
(i) andq i%ﬁeb@’aiéww@ﬁqusméﬂiﬁm_ hgls. masier & resiny gnd integrally
Cr 0Ss- $@QHE@Wth ¥ BR§olict BE Piibfoﬁ?écééé @Q&érﬁ ﬁéiﬁg%rrhéu IrPa QiR Tthe

magnetically transferring information froma nmaster nmediumto a slave

medi umsubstratehwhereinta enagiiticelayeofis tforuned exedie imicantéliet. oFimjsrorédesso 21
are cr -secti | _vie of representative stages,inh process of producing
2 subsPRIPI endditrietelet dricereruiatern Raraent: helgfesmalon

cross-sectional view of the first stage in a process of producing a
substrate of a master nedium by the 2P nethod. Fig. 4 is a cross-sectional
vi ew of t he Téedpastes megiumriseddngranséersingfiniprgation ta thevinegnetiooacordingri g. 5

I's a croshiumtSddoPliRh ¥ tfd LBSeARSTHRE JHEM M Thvention may also have one or

any possible combination of the aforementioned additional feature (i) and (iv).

DESCRIPTION OF THE DRAWINGS
Figs. 1A to 1C are cross-sectional views of the first to third stages in a process
of magnetically transferring information from a master medium to a slave medium, as

the first embodiment of the present invention.

Figs. 2A to 21 are cross-sectional views of representative stages in process of

producing a substrate of a master medium by injection molding.

Fig.3 is a cross-sectional view of the first stage in a process of producing a
substrate of a master medium by the 2P method.

Fig. 4 is a cross-sectional view of the second stage in the process of Fig. 3.



fornmed by the 2P nethod. DESCRI PTI ON OF PREFERRED EMBCODI MENTS Enbodi nent s
of the present invention are explained in detail bel ow %%&he%(fmence to
drawings. In the drawings, elenments are illustrated schematically, and
di mrensions of the illustrations are different fromthe di nensions of the
el ements of actual nmaster nediunms and sl ave nmedi uns. Magnetic Transfer
Process Figs. 1A to 1C are cross-secti ohdl views of the first to third
stages in a prQcess- o gnet i cal g fereing .4 i fr ster
FGeSSs OF < MRONGLL L8140 L AT CLELDO o NPl "RAEQD ! LB A

nmediumto a sl ave nediim as I ment resen

inventiaqn.. . T tétﬂ f the gnetic transfer process is as follows.
First, gsbl? usQYua ed%Eg |é31° A, initial magnetization (direct-current

dermagneti zation) is i lying to the slave
medium 2 an initial %c%@%%gﬁ ?@%%@?#ﬂ@r@a |N?%gti on along a track
of the slave i +Thege er i1 i J . s{.ave
medi um 2 and g%g%g;iéﬂre%#gq?ﬁ% gilrgr. rpﬁagaec%tjﬁ gg%téﬁ%?g?hgﬁngaﬁé??éhj?raanis er
surface d‘?aft-faiih}e] BLaYG Wﬂﬁmr%f'ezeh%ec' 03¢ afd _ Wirhh ﬂéofd?év}ﬁ{gaea“ ng
surfaces of the naster nedium 3, where the 1 nfornmation-bearing surtfaces

are sur faGhinaf A-JPORLLC-d QST o 3R ROLIEH 9, T ehheyelopaibhans of ¢

mcrorelief or mcrorecess pattern o resin substrate 10 Marc
13 illustrations are different from the dimensions of the

004

elements of actual master mediums and slave mediums.

Magnetic Transfer Process

Figs. 1A to 1C are cross-sectional views of the first
to third stages in a process of magnetically transferring
information from a master medium to a slave medium, as the
first embodiment of the present invention.

The outline of the magnetic transfer process is as
follows.

First, as illustrated in Fig. 1A, initial magnetization
(direct-current demagnetization) is performed on a slave
medium 2 by applying to the slave medium 2 an initial static
magnetic field Hin in a direction along a track of the slave
medium 2. Thereafter, as illustrated in Fig. 1B, the slave
medium 2 and a master medium 3 are placed so that the
magnetic transfer surface of the slave medium 2 is in close

-contact with information-bearing surfaces of the master
medium 3, where the information-bearing surfaces are surfaces
of a magnetic layer 32 formed on relieved portions of a

microrelief or microrecess pattern of a resin substrate 31.



Then, a transfer magnetic field (i.e., magnetic field for nmagnetic

transfer) Hdu is applied to the nagnetic layer 32 in th } é@p
opposite to the direction of the initial static nagnetig0 |%§%é n al ong

the direction of the track of the slave nmedium2. As a result, as
illustrated in Fig. 1C, a pattern forpred with the relieved portions of the
master nmedium 3 and spaces above t hel? ecessed portions of the naster

medi um 3pj 5, Megnet LAk Yy t ransierd ed siqaghe fagnet it JIANSS ek SW f age
(track) of the slave medium 2, and a magnetization pattern is recorded in

e oA SROLUET Pradleet PSR SYRSLEBNT Al 8] dibe dIRSIAL: oMl hg 394 51

pr oduce resin nolding, for exa by 1 njection nol e %P

method USAD0aPRe Ol GhNGbpRLALE RBVERE QuPAH I Y JRLLOIPCERR PRIt N

as explained later. The mcrorelief or mcrorecess pattern is forne

concurr el hye €{c €£ieh B 9GTA! LYdng Wl tHe-OL PESH PQIEL 1Ok OFrLBE sdiDSERAL e.

The surface of the substrate 31 opposite to the mcrorelief or mcrorecess

pattern L5, 3UPRRELGH by aaBoldere a8 NeCRSSA YusEXgRedNgh t REgM GrOr eLi ef

or mcrorecess pattern of the resin substrate is a pattern réverse to the
mcrorelbef Ofn NESHULCEST ALY nr%{l_i@vgz-d 1Borkhenganssmagnet i gakiap

pattern as that of Fig. 1C can be realized by inverting the directions of

the inithahighali snangpetic bbebd HhR auddNea tWANsials B@netl cnhiebd Hdu.
Production of Substrate of Master nedium A process of producing a substrate

of a mashesivRds UM 1R NBEENCE994 transferred to the magnetic transfer

B _\h

) surface (track) of the glave medium 2, and a magnetization

pattern is recorded in the slave medium 2.

The resin substrate 31 o¢f the master medium 3 is
produced by resin molding, for example, by injection molding
or the 2P method uéing an original plate having a microrelief
or microrecess pattern as explained later. The microrelief or
microrecess pattern is formed concurrently (i.e., integrally)
with the other portion of the substrate. The surface of the
substrate 31 opposite to the microrelief or microrecess
pattern is supported by a holdexr, as necessary.

Even when the microrelief or microrecess pattern of the
resin substrate is a pattern reverse to the microrelief or
microrecess pattern of Fig. iB, the same magnetization
pattern as tha£ of Fig. 1C can be realized by inverting the
directions of the initial static magnetic field Hin and the

transfer magnetic field Hdu.

Production of Substrate of Master Medium

A process of producing a substrate of a master medium



14 by injection nolding is explained belowwith reference to Figs. 2A to
21, which are cross-sectional views of representative sqggﬁﬁ '%bdﬁhe
process. In the stages of Figs. 2A to 2E, an original plate ?L anper) is
produced. First, a photoresist solutionis applied to a snooth surface of
a glass (or quartz) plate 10 by spin coating. or the like so as to forma
photoresist film 11. Wile rotatin&4the glass plate 10 coated with the

Phot or eqiyst shiLBtidn Iiafidd 006 (Qkp 2l SLECHOLPEFTIN! - JPAULALED wt th

servo signals™is applie hé "photoresi s m at ‘portions of

e etz 280 Al | Nfr, PGhAES) ALl | Brbbe SUSSHANT Wills 9% are

predetermned preformat patterns which represent to the servo signa

exposed ;0 - dhe AW Aatqd Jasqr, léh%h?r%rceas@, el ectron beam For exanpl e,

each preformat pattern is™a pattern conprised of lines being located at a

rack, and roprooant | Ne BRE cfva TE gnars. At by SPESEEN R e

track, and representing the servo °signa hereafter,

of the phat@resist swhi ?Qod%&%.dQng'gggé:}ao hgg tplh%istﬁyrrelﬁii%m ls.oéléﬁiro%mesd by

devel opment, as illustrated in Fi the etching stage,

porti ongf1 itde & agSspbats 14 Mhigh ¢ eaeéeg%%d % t&@arggyméggtgf e

exposed portions of the photoresist are etch so as to epressi ons

Thon, t ha. T m e e T e Shotor e Srmare Pongved= Rt ife
glass 11i. while rotating the glass plate 10 coated with the
,-} photoregist film 11, laser 1light (or an electron beam) L
modulated with servo signals is applied to the photoresist
film 11 so that portions of the entire surface of the
photoresist film 11, corresponding to predetermined preformat
patterns which represent to the servo signals, are exposed to
the modulated laser light or an electron beam. For example,
each preformat pattern is a pattern comprised of lines being
located at a position corresponding to each frame, radially
extending across each track, and representing the servo
signals.

Thereafter, the above portions of the photoresist which
are exposed to the laser light L are removed by development,
as illustrated in Fig. 2B. Next, in the etching stage,
portions of thé glass plate 10 which are exposed by the
removal of the exposed portions of the photoresist are etched
so as to form depressions 1l0a corresponding to the preformat

patterns, as illustrated in Fig. 2C. Then, the remaining

portions of the photoresist are removed. Thus, the glass



10 March 2004 15 plate 10 having a mcrorecess pattern forned mﬁth t he
depressions 10a is obtained as illustrated in Fig. 2D. Nﬂ?kh IIustrated
in Fig. 2E, a thin silver plating layer 12 is formed on nlcrorecess
pattern forned on the glass plate 10, and el ectroform ng processing is
performed on the plated glass plate 10 in order to forma nother plate 13
having a mcrorelief (positive) pattéﬁn When the thickness of the nother

late 1 h det d th | ate .13
Prgnsth éiagse% al%rgbgg$L%Ln§18¥85?F8F8rnpﬁ ngcegggﬁgq ﬁ£§4eqﬁéa on

or | g1 nal T PR os%ﬁ% a'as”rﬁF%ﬂﬁ%{aeé%‘d?J%ngéme%ﬁ’;?tf‘efkat =
15 Aresih sopalvat ot M PR R hG Fiskord i orBihg b sy KIL T ﬁ't‘éée
or i 0 RZII%%E?%?.SE%&W% : ormlll%StratEd PrE ﬁafge?af’ SR o
corr ospandiy T thet o 3%%(?2!%2%%%3 bRb) BERpbBRR o “Eh L ARIRE PRy nal
FLZt?eift#e;fEstrateg%éiéé”sf%%%?eée eO'r”c*% PR s fE

651 n-3u eased from

r
e ol 18- oTutee 6. SR kR 2 S S oLl
of the mother plate 13 reaches a predetermined wvalue, the
mother plate 13 is removed from the glass plate 10. Then,
electroforming processing is performed on the mother plate 13

as 1llustrated in Fig. 2F in order to form a plated original
plate (stamper) 14 having a microrecess (negative) pattern.
Thereafter, the plated original plate 14 is removed from the
mother plate 13.

A resin substrate 31 is formed by injection molding
using the plated original plate 14. For example, as
illustrated in Fig. 2H, the plated original plate 14 is set
in a form die 15 which is c¢losable and openable, and a resin
substrate 31 having a microrelief {positive) pattern
corresponding to the microrecess (negative) pattérn on the
plated original plate 14 is formed by injecting resin into
the closed forﬁ die 15. After the resin substrate 31 is
cooled, the resin substrate 31 is released from the form die
15. Thus, the resin substrate 31 is obtained as illustrated

in Fig. 2I. The microrelief pattern on the resin substrate 31

is reverse to the microrelief pattern on the glass plate 10.



is reverse to the mcrorelief pattern on the glass plate 10. 10 March 2004
16 In addition, the mcrorelief pattern can be forned aqommjédog{ry
position on the resin substrate 31 with an accuracy of one mcroneter or
|l ess. A master nmedium 3 is formed by coating a nmagnetic |ayer 32 on the
mcrorelief or mcrorecess pattern of the resin substrate 31. In a
variation of the process of Figs. 2A% 0 21, the glass plate 10 i s not

etched. Jnstead. the nother plate 13.1 f by rform silyer

ol ot ng Hha SR o iy o SHEreTinh PRETESR Y SBE P helindr cator
and the £ sedr surfsaiceo ortigns of the g%a S Iatﬁ %I()ltq;ta%r a{hce "rsta e of
Fig. 2B. er%eat 15t %34 p?rétté oFF@f‘ﬂaF Fat 8 T4 navi ng a m CTOrede¥s
(negati ve atter.n _can . .be obtained by, the el ectroform ng . pracessing. in the
Stage oo BReLEI b ERE R 0L TuBSE ia ' BRoTRE ALY 37 1 £ L8R ryy

t he pl at rigi te 14 is_n roduced,. and t . 3 is
used as ('gogatgirﬂl ié]ng}{‘aggljf%lec illr1a¥%ré g% aég gg eFf“d.crfﬁ.ethgfg%e?ﬁlec% %e?%ﬁl ate

13 has i eld ef. (posiitive attern the resin substrate 31 produced
in the éé{%‘gerlg{ ci:él Sthe( FH Nas Ségbn%tgrraotreec%s‘s (negative) pattern which is

i dentical to he, ”168295‘1??8%5 oﬁﬁt ERLN 90 LS %@Sﬁég's‘?‘t ez}}lotoTE% Teet 8"

medium 3 is fornmed by coatrng e mcrorecess pat n"of 'the resin

subst ratcgg.saislsp\é)é]%ﬂea ]{’aag_,?%tlilcg:tI }él(r%eg_z- 1@@5@3?2: %21 dnd %Le(.)tr 1ahen 4 h?ﬁ;m Yy

m crore ern on e nmas medi um as above I's mEgne
tra“SfE”{é¥héd(£9tﬁﬁ&fg¥ﬁfﬁg silver plating and electroforming on the

‘f} remaining portions of the photoresist and the exposed surface
o portions of the glass plate 10 after the stage of Fig. 2B.
Thereafter, the plated original plate 14 having a microrecess
(negative} pattern can be obtained by the electroforming
processing in the stage of Fig. 2F.

In another wvariation of the process of Figs. 2A to 21,
the plated original plate 14 is not produced, and the mother
plate 13 is used as -an original plate in the stage of Fig. 2H.
Since the mother plate 13 has a microrelief {positive)
pattern, the resin substrate 31 produced in the stage of Fig.
2H has a microrecess (negative) pattern which is identical to
the microrecess pattern of the glass plate 10. The master
medium 3 is formed by coating the microrecess pattern of the
resin substraté 31 with a magnetic layer 32. As menticned
before, when the microrecess pattern on the master medium 3
formed as above is magnetically transferred from the master

medium 3 to a magnetic recording medium, the same

magnetization pattern as that of Fig. 1C can be recorded omn



medi um 3 to a magnetic recording nedium the sanme nmgnetization pattern as
that of Fig. 1C can be recorded on 10 March 2004 17 theqgR@R&tadpar ecor di ng
medi um by inverting the directions of the initial static magnetic field
Hn (illustrated in Fig. 1A) and the transfer magnetic field Hdu
(illustrated in Fig. 1B) . The materials used in the el ectroformng
operations of the plated ori gi nal ﬁlate 14 and the nother plate 13 may be
or a N 4 t r ur.abi.l it t n I pl at e
14 and the mepietd o1 0r SRS bR s “ﬁ%%t‘r% A S G

di anonds.l ik . y . to, coyer the
ntcrorecggsggﬁgéﬁfgrggg%lef I%%?H% giegﬁ }HI T%ﬁ?é?ﬁgﬁd te ¥4 and

t he not I I e u ra e, praduced by
using 1 RS abage Wi fﬁéf@%#%l?nfg% Lik ﬁ@é??% e ef? 8 3d%n
originahgplate. In addition,- a plurality of plated orlglnal pl ates 14 can
be produced by repeatedly using the glass plate 10 and the nother plate
13 ohe resinoilBt fhl@l1U38d Jdkd Nen ! RABCIAIAN HRILAE A L08aLESKE of

substrate 31 may be an acrylic resin such as polycarbona

pol ymet hxtn%tltaacceraylagfgllrﬁalv'ayttecahouncae tﬁeesltnatﬁgfhpeateollyafv'ﬂgt gl oride

and vinyl chloride copol yner epoxy resin, anorphous l'yol'efine

pol yestgE, OF hheydikgsoyl N PR GhAEAT ro PANGA, Q.%“aﬁﬁréﬁli‘gwmc?‘ﬁe%ﬂ% in

its noi sture
plated original plate 14 and the mother plate 13, a

protection film made of sputter carbon, diamond-like carbon

R

(DLC), or the 1like may be formed so as to cover the
microrecess and microrelief patterns of the plated original
plate 14 and the mother plate 13.

A plurality of resin substrates 31 can be produced by
using the above plated original plate 14 or the mother plate
13 as an original plate. In addition, a plurality of plated
original plates 14 can be produced by repeatedly using the
glass plate 10 and the mother plate 13.

The resin material used in the injection molding of the
resin substrate 31 may be an acrylic resin such as
polycarbonate and polymethylmethacrylate, a wvinyl chloride
resin such as polyvinyl chloride and vinyl chloride copolymer,
epoxy resin, amorphous polyolefine, polyester, or the like.
In particular, polycarbonate is advantageous in its moisture
resistance, dimensional stability, price, and the like. When
the resin substrate 31 has a burr, the burr is eliminated by

burnishing or polishing the resin substrate 31. The height of



resi stance, dinensional stability, price, and the like. Wien the resin
substrate 31 has a burr, the burr is elimnated by burniﬁnggwg&maolishing
the resin substrate 31. The height of 10 March 2004 18 the refli'eéved
portions is preferably 50 to 1,000 nm and nore preferably 200 to 500 nm
The thickness of the resin substrate 31 is preferably 0.3 to 1.2 nm and
more preferably 0.5 to 1.0 mm The #fignetic layer 32 is formed with a
magnetic _material hy plating, vacuum deposition filmformation, or the

li ke. FoFRExIRBLEVeCh@AFAdNRR fid mFotemi?bh PAcitGdds APdctitn ¥VApBP&S on,
sputtering, and ion plating. The nmagnetic material used in the nmagnetic

| ayer 32PHBfeERPES, go@b &Pl oy 00 sidh asoN thighiess b BRBTaZPFitFe, a
Fe alloy (such as FeCo, FeCoNi, FeN Mo, FeAlSi, FeAl, and FeTaN) , N, and
a N al PBPSEXBER 34 RPSFEFeERTpRle CuParte Fech hd FeEoRPTar BTSHPERELAb! e.
The thickness of the nmagnetic layer 32 is preferably 50 to 500 nm and

nor e prePe?aBPyllaowmto 300 nm Further, it is possible to provide

anon- magneti ¢ base | ayer ,Lbetween the nmagnetic |ayer 32 and the substrate.

The non- magnefi® bREELRE}Er ABYSBe rdde 36F GOTRSY Yider 2o RRYRELHS

NNAl, Ru, C Ti, A, Mo, W Ta, Nb, or the like._Furthernore, it is

pr ef er abMBEREIBLobY a8 12 tHPTr e SEIH™ 4GRS b £ HHBNENERT F k2P caPBokEDLO)

or the Iggﬁ on Epe Jma neaic | ayer 32. 1.n adq%%%on,kgt i S ﬁo&sible to

provi de - Fubﬁlfaﬁ:Qé%kﬁ. 5RT eV Rrerer Z51H T BT hERFHBT P Eal B Clayer
evaporation, sputtering, and ion plating. The magnetic
material used in the magnetic layer 32 may be Co, a Co alloy
{such as CoNi, CoNiZr, and CoNbTaZr), Fe, a Fe alloy ({(such as
FeCo, FeCoNi, FeNiMo, FealSi, FeAl, and FeTaMN}, Ni, and a Ni
alloy (such as NiFe). In particular, FeCo and FeCoNi are
preferable. The thickness of the magnetic layer 32 is
preferably 50 to 500 nm, and more preferably 100 to 300 nm.
Further, it is possible to provide a non-magnetic base laver
between the magnetic layer 32 and the substrate. The non-
magnetic basé layer may be made of Cr, CrxTi, CoCr, CrTa, CrMo,
Nial, Ru, C, Ti, Al, Mo, W, Ta, Nb, or the like.

Furthermore, it is preferable to provide a protection
film made of diamond-like carbon (DLC) or the like on the
magnetic layer 32. In addition, it is possible to provide a
lubricant layer. More preferably, bhoth of the lubricant layer
and the DLC protection layer having a thickness of 5 to 30 nm
are provided. When the slave medium 2 comes into contact with

the master medium 3, a deviation may occur from perfect

alignment. When the deviation is corrected, friction arises



and the DLC protection layer having a thickness of 5 to 30 nm are

provi ded. When the slave nedium 2 conmes into contact w thg pMaR@, Pt er

medi um 3, a deviation nmay occur fromperfect alignnent. When the deviation

is corrected, friction arises 10 March 2004 19 between the slave medium 2

and the master nedium 3. For exanple, durability of the master nedium 3

may deteriorate due to a flam/proddé%d on the surface of the magnetic

| ayer e c T ri.ca | a vent eteriopation

in durabit p‘?yéﬁuetj}{ Irllgg}ﬁ oﬁgdjl"gl? a\%mrregE (}%prrtgé?bz&g grbh%denésf:y

f1exibl e, di Iy I h etic [§° n Ia r. of
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FePt . angh FegN a.heea’;C’%#%a%??is?%%zt fﬁ%izcya%fg:w%%}cesg% grint

produ0|rﬁhé%§%§§§é£§ rQ@fifﬁ%nggéuQBbYrigﬁlgE nmet hod in the second

enbodi nment |s a phot opol yner1zati on fornatlon met hod usi ng

an ul traviol efhgtgigaerlﬁgapuﬂg endlOERTRNYI QRPN B Al 1L oI 0RL gplate 14

formed in the process of can as an origlfa

plate in, 2B, npthogy Ag a{hgeéms fﬂhée%atg}%rglrr@gc garﬁrgirﬁrgdn Js&o'é‘%eéhe

original plate 14, and |in arota So t hat
the pl at%@é'ﬂbﬂ@hm 2 may be formed by application or with a thin

. metal film. The magnetic material may be Co, a Co alloy {such

'
Nereer”

as CoPtlr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCrB, and CoNi), Fe,

or a Fe alloy (such as FeCo, FePt, and FeCoNi).

Production of Substrate by 2P Method

Figs. 3 to 5 are cross-sectional views of the first to
third stages in a process of producing a substrate of a
master medium by the 2P method in the second embodiment. The
2P method is a photopolymerization formation method using an
ultraviclet-curing resin. The aforementioned plated original
plate 14 formed in the process of Figs. 2A to 2G can also be
used as an original plate in 2P method. An axle 16 is fixed
to the center of the plated original plate 14, and linked to
a rotation mechanism (not shown) so that the plated original
plate 14 can be rotated. The upper portion of the axle 16
protrudes above the plated original plate 14, and the top end
of the axle 16 is tapered.

First, an ultraviolet-curing resin solution P is

applied to the microrecess (or microrelief) pattern on the



pl ate 14 can be rotated. The upper portion of the axle 16 protrudes above
the plated original plate 14, and the top end of the ax i aper ed.
First, an ultraviolet-curing resin solution P is appliey?y%g?ﬁgmh

m crorecess (or mcrorelief) pattern on the 10 March 2004 20 plated
original plate 14, and is then pressed with a support disk 34 having a
central bore 34a, by sliding the support disk 34 onto the axle 16, so that
the ultraviolet-curin resin solution P spreads over  the gntire surface of
the pl di@dsshigirBingl ape2qa heh2ad% HiTkmes BFe39°fovsbl M FHRtETs.
The support disk 34 is nmade of a _material which is transparent to

ul travi Gtk | 3ghdavdng  agicaasrapyRrer e pidfret By SeHAE yEBEe)SURROT e

| i ke. The thickness of the support disk 34 is 3 to 10 nm, After the
substratksls Pér RRto tHhe sappsrtlti siEB4tBaEonkRe a WA o ke Tt _Y
medium 3 as, illustrated in Fig. 5. Next, as illustrated in Fig._4, the

ul travi AECuFPAYEIPEsi B stPERRGh PG eddSovEREERE eRPFFREurPhcetBF the
plated original plate 14 is irradiated with ultraviolet Light UV em.tted
froma MGtekofFdePRdt BHEWS) Rbcald8PabBvetPhekngffangbnet! of°Fi §° 4,
whi |l e pressing the uItravioIet-cuan% resin solutign P w.th .the Sﬁfﬁﬁrt
di sk 34, MLERPHGERT NGt 2heSUBPAF Bd9dFFgitalt IR LS 19* aftd "BE *Fopof sk 34

around the axle 16. Thus, the ultraviolet-curing resin solution P_is

cured by hot GHARARR Zat Fon CbCERVEBIFbr m-aTPEsi nSsdbst  AigsS,  PHMA

(polymethyl methacrylate)}, or the like. The thickness of the
support disk 34 is 3 to 10 mm. After the substrate is formed,
the. support disk 34 becomes a part of the master medium 3 as
illustrated in Fig. 5.

Next, as illustrated in Fig. 4, the ultraviolet-curing
resin solution P spread over the entire surface of the plated
original plate 14 is dirradiated with wultraviolet 1light UV
emitted from a 1light source (not shown) located above the
arrangement of Fig. 4, while pressing the ultraviolet-curing
resin solution P with the support disk 34, and rotating the
plated ofiginal plate 14 and the support disk 34 around the
axle 16. Thus, the wultraviolet-curing resin solution P is
cured by photopolymerization so as to form a resin substrate
33. The above arrangement is rotated in order to uniformly
cure the resin. In addition, a wiper 18 is placed in contact
with the peripheral edge of the plated original plate 14 in
order to wipe off excessive resin solution sgueezed out £from
the peripheral edge of the plated original plate 14, and

prevent dripping of the excessive resin. Further, a



33.. The above arrangenent is rotated in order to uniformy cure the
resin. In addition, a wiper 18 is placed in contact W tiigjfagHRIg4Pher a
edge of the plated original plate 14 in order to wi pe off excessive resin
sol ution squeezed out from the peripheral edge of the plated original
plate 14, and prevent dripping of the excessive resin. Further, a 10 March
2004 21 perlpheral nask 17 is arrangéd above the peripheral edge of the
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the resin substrate is 1ntegra ormed with portion of the

resin  substdiane 83y The RSLeL o ?i Uﬂgqhmi?sfb!cl st ?Eﬁgtla?mfhgd %]"n?e,

obt ai ned by coating t mcrorelie croreces attern

magnet i y er r nt ed
support%éffkggﬁg.g?%‘gﬁi? Fia hteggngmsur% LEeSip° e ST URael
(0opposi & dit NG SU{BAC€33 is removed from the plated original plate

= 14, for example, by tapping out the resin substrate 33 from
- the plated original plate 14 with some tool. The resin
substrate 33 has the form of a disk having a central bore 33a,
which 1is formed due to the existence of the axle 16. The
microrelief (or microrecess) pattern on the resin substrate
33 is integral;y formed with the disk portion of the resin
substrate 33. The master medium 3 as illustrated in Fig. 5 is
obtained by coating the microrelief (or microrecess) pattern
with a magnetic laver 32. In the master medium 3 of Fig. 5,
the aforementioned support disk 34 is coupled to the back
surface of the resin substrate 33 (opposite to the surface
having the microrelief or microrecess pattern).

The thickness of the resin substrate 33 produced by the
2P method is preferably 30 to 80 micrometers, and more
preferably 40 to 60 micrometers,

Preferably, monofunctional (meth)acrylates and

multifunctional (meth)acrylates are used singly or in

combination as a polymerizable monomer composition of the



having the mcrorelief or mcrorecess pattern). The thickness of the resin
substrate 33 produced by the 2P nethod is preferably 3044 g ﬁ:(p'%'dogrorreters,
and nore preferably 40 to 60 mcroneters. Preferably, m)nofaunc onal
(meth)acrylates and nultifunctional (neth)acrylates are used singly or in
conbi nati on as a pol yneri zabl e nononer conposition of the 10 March 2004 22
above ultraviolet-curing resin. Furd?her, it is preferable to add a
phot opol i zat | initiator.or sensitizer. .Japangse, Unexanm n Pat ent
PUbl | catton kot E30r 1805} 2585885 aRgoIr - (U1 D50n0s i SECIEE B ar bl e
exanpl es &){1 t he .above conmpoun .tern in the.,formation of the
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by inj e&t,[ju%"h %di ng. Young's Modul us of Substrate Preferabl e ranges of
the Young"s nodulus of the resin substrates 31 and 33 of the naster

medi uns 3 are Alr@r%%tt%.q'eﬁf",l OJ% A%hgx%loaijm%q:%ot}xﬁc? ethlen rteg%nm&%eéézgate
transfer process,
33 by the 2P method, the glass plate 10 obtained in the stage
of Fig. 2D or the mother plate 13 obtained in the stage of

Fig. 2E may be used as an original plate. The coating of the

Nt

microrelief or microrecess pattern of the master medium 3,
including the magnetic layer 32, is the same as the
aforementioned case where the substrate is formed by
injection molding.
Young's Modulus of Substrate

Preferable ranges of the Young's modulus of the resin
substrates 31 and 33 of the master mediums 3 are indicated
below.

As explained before, in the magnetic transfer process,
a magnetic layer 32 is formed on the resin substrate 31 or 33
which is produced by injection molding or the 2P method, and
the master medium 3 is placed in close contact with a slave
medium 2. In order to realize the close contact, the master
medium 3 is pressed against the slave medium 2 by a force of
9.8 X 10° Pa or more. Therefore, when the magnetic transfer
is made a number of times, the microrelief or microrecess

pattern formed on the resin substrate 31 or 33 is damaged,



a magnetic layer 32 is fornmed on the resin substrate 31 or 33 which is
produced by injection nolding or the 2P nethod, and thewrg‘%ﬁcr dium3 is
placed in close contact with a slave nedium 2. |In order a% e the

cl ose contact, the master nedium 3 is pressed against the slave nedium 2
by a force of 9.8 X 10-5 Pa or nore. Therefore, when the magnetic transfer
is made a nunber of tines, the mcrd¥elief or mcrorecess pattern forned
on the resin substrate 31 or 33 is damaged, 10 March 2004 23 and an error
may be FHHWRRJSFROFhBayr #esgiqdiresd ghal she Theangsprirednts g YndeTha
experiment on the dependency of the danmage in the pattern upon the Young's
modul us.2PRYe Gty | Ragf madr apperFmeniment| o@i chred depepslancyl. ohs the
indicated in Table 1, the durability of the resin substrate is greatly

i ncr easétPmagfent h‘éhe(oﬂﬁ@t%r%‘%?%stz@ gpeagée mpanlaspr et afeithed ©§al ue.
That is, the Young's nodulus_of the resin substrate or_ the resin portion
of the & S*RRIARRRGT s1Hrirdiaptrgd1in Rabis 1pyAsr igddseded oy Papte
preferably 2.5 X 105 Pa or greater. As nentioned before, the thickness of
the resif %s‘i‘f"éﬁ‘lél%‘ltlbr%guéba E¢siRj 68bssEaks disngred tefrabegseds to
1.2 mm (nore preferably 0.5 to 1.0 nm, and the thickness of the resin
subst r at'®eiB8 ShGduEeunBy St HeePPlwit Hod 9% eafedt eFBBRy B0 RGOt eFBEBAdt er s
(nmore preferably 40 to 60 microneters). In the case where the thickness of
t he resi‘-’r?l"sﬁ:bsglliaati et¥s BREOVPERE ' 8LBYBUPHEf Bfathhe FRfdE SURStERERrAr

formabil i tey decreases,, and the resin is prone to damage when 5
the resin portion of the master medium is preferably 1.5 X 10

o Pa or greater, and more preferably 2.5 X 10° Pa or greater.

e As mentioned Dbefore, the thickness of the resin
substrate 31 produced by injection melding is preferably 0.3
to 1.2 mm (more preferably 0.5 to 1.0 mm}), and the thickness
of the resin substrate 33 produced by the 2P method is
preferably 30 to 80 micrometers (more preferably 40 to 60
micrometers). In the case where the thickness of the resgin
substrate is below the above preferable range, the pattern
formability decreases, and the resin is prone to damage when
the resin substrate is removed from the original plate. In
addition, in the case where the thickness of the resin
substrate is above the preferable range, the resin substrate
per se ig likely to deform.

Evaluation of Master Mediums
Table 1 indicates gquality of signals transferred to and
recorded in a slave medium, pattern formability in a large

area, durability of the microrelief or microrecess pattern on

the master medium in four concrete examples of the master



the resin substrate is renoved fromthe original plate. In addition, in
the case where the thickness of the resin substrate is #&pmaeH R4
preferable range, the resin substrate per se is likely to deform

Eval uation of Master Mediuns Table 1 indicates quality of signals
transferred to and recorded in a Slfée medi um pattern formability in a
| arge area, durability of the mcroféelief or mcrorecess pattern on the
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.medi uns as the above enbodi nents and five other exanples of naster nediuns

producedyf of £OMMaRK FHB- I%aﬁlée@' SPori N LR85 ddie. Youngls mydul yssef the

substrate |n eagﬂ exanpl € of the master nedium The applicant has

eval uate ' | {e Of rgg[wel, S pdd@iei ers£d tige an&ﬁ@@ﬁa@l@d iR acgkave
medi um ( erel om1 ca ransferred signals), as follows. First, a

magnet i Cogey ;{?i&&?f étpé%as% hedpiker Q'  (manufactured by Sigma
H - Chem cal 1nc Japan) is diluted ten tinmes, and dropped onto the slave

medi um af ter sinal,gp1a7e  PoReld Calhy ubiaas! eheedgha1the Shaves meghum
Then, the magnetic g evel oper -solution on the slave nediumis dried, and

the qualifynfetfeqt EBNSIAI " 0d SRl Sih S seVal 4 eehiasard ORer¥rbaibgns of
the edges of the transferred signals. Ten fields of view are observed

under a géii@ﬁeggéﬁgféfgéﬁf@g@@g@s)n1§§0§§pp§w§t magni fi cati on of 480X A
di fference between t

First, a magnetic developer solution "Sigmarker QY

o {manufactured by Sigma Hi-Chemical Inc., Japan) is diluted

.
S

ten times, and dropped onto the slave medium after signals
are magnetically transferred to the slave medium. Then, the
magnetic developer solution on the slave medium is dried, and
the quality of the transferred signals is evaluated based on
variations of the edges of the transferred signals. Ten
fields of view are observed under a differential interference
microscope at magnification of 480X. A difference between the
maximum observed line width Lx and the minimum observed line
width In is obtained, and then a ratio of the difference and
a target line width Ws is obtained. When the ratio is 3% or
less, the gquality of the transferred signals is determined to
be good, and indicated with "O" in Table 1. When the ratio
exceeds 3%, ﬁhe quality of the transferred signals 1is
determined not to be good, and indicated with "X" in Table 1.

The pattern formability in a large area is evaluated as
follows.

Lines which have been transferred to and recorded in a



maxi num observed line width Lx and the m ni rum observed line wdth Ln is
obt ai ned, and then a ratio of the difference and a targ@élMa%,&ezdmdth W is
obtai ned. When the ratio is 3%or less, the quality of the transferred
signals is determned to be good, and indicated with "0" in Table 1. Wen
the ratio exceeds 3% the quality of the transferred signals is
determ ned not to be good, and indbcated with "X" in Table 1. The pattern
formability in a |large area is evaluated as _follows. Lines which have been
transf er¥étVe o BERE YR cATfed $FRARIARA MaPEh BBBAT. 28 sEdPE ThoRadRehie -
exam ned by using an el ectromagneti c- characteristic measurenent apparatus
SS- 60 (rdfHE e et 15y mRYDUBSPRAL hi2ERASi o S5 - £0d. (mapptastrReghdEase
where the Jlines extend radially, are spaced 0.5 mcroneters apart at the
radi us P ngnsit E¥EheRafe-a 1Tk wi dtRaRt A75 thE cFIhet ¥PsTar Gthi
radi us of, 20 mm An _i nductive head having . a head ,gap of 0.23 m croneters
and a t r'd@esi 8thepd Ea(ﬁlaﬂ'ilé’r'on%’t"%rsspiaé:%eﬂ'?o“}l@g’m?rtﬁr@ t AB2EF iR s.
The regenerated signals are frequency -analyzed, and the peak |line wdth
W of thg‘}t?ri FEFYUSi gitl 40 FBas ARY. ot hBapst t2r d 1% r HaBER t9f 0.5
deteriorates, and the line widths and the spaces, hetween the |ines, vary,
addi t i oI CHIRRIECYA CotRonEATE Sr 85 Féhdtht et aﬂgum"ﬁe&ﬁaﬁ e h W
i ncreases. ‘\Wen the peak line width Wis 0.2 MHz or Iess,.d%?le Rgttern

i

for mabi 15 t PePE  9RR efi nBd?? o "Wer TIUE- 2 %hd 3P RatERhi t W Tabi® 1.
micrometers is used to regenerate the signals, The
oy regenerated signals are frequency-analyzed, and the peak line

width W of the primary signal is measured. If the pattern
formablility detericrates, and the line widths and the spaces
between the 1lines wvary, additional frequency components are
generated, and the peak line width W increases. When the peak
line width W is 0.2 MHz or lessg, the pattern formability is
determined to be good, and indicated with "O" in Table 1.
When the peak 1line width W exceeds 0.2 MHz, and does not
exceed 0.5 MHz, the pattern formability is determined to be
acceptable, and indicated with "A" in Table 1. When the peak
line width W exceeds 0.5 MHz, the pattern formability is
determined to be unacceptable, and indicated with "X* in
Table 1.

The durability of the master medium is evaluated as
follows.

After contact of the master medium to a slave medium
under a contact pressure of 5 kg/cm® and separation from the

slave medium are repeated a thousand timeg, fifty randomly



When the peak |ine width Wexceeds 0.2 MHz, and does not exceed 0.5 Mz,
the pattern formability is determned to be acceptable, {@Rérdngiozated w th
"A" in Table 1. Wen the peak line width Wexceeds 0.5 MHz, the pattern
formability is determned to be unacceptable, and indicated with "X1' in
Table 1. The durability of the master nmediumis evaluated as follows.
After contact of the master medium t%® a slave nedium under a contact

pressur e of o Se @/ £5R1 800 FERA A} I QR fREM gg 2%' aye pRdi g@fs%% fd a

t housand tines, fifty randomy 10 March sel ecte i el ds of view of
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Table 1. The Young's nodulus 1s neasured ows. Atest plece o
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prepared, where the size of the test piece is 5 X 30 mm The test piece is
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the durability of the master medium is determined not to be

good, and indicated with "X" in Table 1.
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The Young's modulus is measured as follows.

A test piece of a resin substrate of which the Young's
modulus is to be measured is prepared, where the size of the
test piece is 5 X 30 mm., The test piece is set in a tensile
testing machine, and elongation of the test piece is measured
while imposing a 1load on the test piece. The load is
increased until the relationship between the imposed load and
the elongation of the test piece deviates from a straight
line, and the Young's modulus is obtained based on the
inclination of the straight line.

Concrete Example 1

The master medium as the concrete exampie 1 is produced
by forming a magnetic layer on a 3.5-inch polycarbonate disk.
The 3.5-inch polycarbonate disk is a resin substrate produced
by the process of Figs. 2A to 2I, and has a diameter of 3.5
inches. The magnetic layer has a thickness of 200 nm, and

contains 50 atomic percent FeCo. The pattern formed on the



whil e inposing a | oad on the test piece. The load is increased until the
rel ati onship between the inposed |oad and the elongati oy ghdhiRolest piece
deviates froma straight 1line, and the Young's nodul us is obtalned based
on the inclination of the straight line. Concrete Exanple 1 The master
medi um as the concrete exanple 1 is Eroduced by form ng a magnetic |ayer
on a 3.5-inch polycarbonate disk. %Ke 3.5-inch polycarbonate disk is a

resin S;i%}f &2 Cas%s byﬁ&w{soce;ﬁegf Jésdq%ngﬁl ,gté&alﬁg é'%g cRe

di anet e he magne ayer has ness o nm- and
t t d 004 27
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of 120 10,49 bRnaRdEne, |y NS, abe %uguyr seefs. afd SRR AAVEBILALD of
10 nlcroneters e spaces etmeen ace ones of the"l'ines are
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di t- i ut i t
"730H (T 2*3‘#8?23 B0 R et B! BEalPH] bl MAARPNA bie o
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Pa (0.25 mlorr), and the i nput pomer e magnetic transfer

i's made dyrraisd ngoéhesaeeysrﬂnat fﬁEt%q' %@m@n%ﬂéﬁesﬁ@aeea@ﬂg | 9B8dratus

eval uations are nad result, of the quality of
"730H" (manufactured by ANELVA Corporation, Japan). In the
above process, the formation temperature is 25°C, the Ar
sputtering pressure is 3.3 X 10* Pa (0.25 mTorr), and the

input power is 2.54 W/cm?. The magnetic transfer is made by
using the above master medium, and the aforementioned
evaluations are made. As a result, all of the quality of the
transferred signals, the pattern formability in a large area,
and the durability are confirmed good.
oncrete E le 2

The master medium as the c¢oncrete example 2 is
identical to the concrete examplell except that each of the
lines in the pattern has a width of 1 micrometer, and the
spaces between adjacent ones of the lines are 1 micrometer at
the radius of 20 mm (i.e., at the innermost position). The
magnetic transfer is made by using the above master medium,
and the aforementioned evaluations are made. As a result, all
of the gquality of the transferred signals, the pattern
formability in a large area, and the durability are also

confirmed good in the case of the finer pattern.
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transferred signals, the pattern formability in a |arge area, ~and the
durability are confirnmed good. Concrete Exanple 2 The na%iﬂ%dﬁﬁquqas t he
concrete exanple 2 is identical to the concrete exanple except that each
of the lines in the pattern has a wwdth of 1 microneter, and the spaces
bet ween adj acent ones of the lines are 1 mcroneter at the radius of 20 nm
(i.e., at the innernost position) . TR& nmmgnetic transfer is made by using

t he above naster nedi um and;tE% %f%gggggiignqp eval uati ons are nmade. As a
. oncret 1 .
result, all of the quality o ignals, the pattern
formability ip,a lar area, and the_durahili e als I red od in
the case of t ]élefi ner %f)azfttel?%&mio rcﬁ%‘%oozf}%%%r efgéa@g%pl ?33 l?%e
mast er di as the ncrete_exanple 3 J i dent.i cal t o] e
exanpl o EeBfasal 1. EB8CRoBP- B el € 11y RS i aSf s r e
m cr onet. , d en .afj.acent . opes . i.ne e 5
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durability are confirmed goo the case of 't urthér finer pattern.

magnetic transfer is made by using the above master medium,

0.5

and the aforementioned evaluations are made. As a result, all
} of the guality of the transferred signals, the pattern
formability in a large area, and the durability are confirmed
good in the case of the further finer pattern.
Concrete Example 4
The master medium as the concrete example 4 is
identical to the concrete example 1 except that the resin
substrate is formed by the 2P method ag illustrated in Figs.
3 and 4 using 2, 3-bis-acryloyloxyethyloxymethyl-bicyclo-[2,
2, 1] heptane ultraviolet-curing resin. The magnetic transfer
is made by using the above master medium, and the
aforementioned evaluations are made. As a result, the master
medium as the concrete example 4 is found egqual or superior
to the master medium as the concrete example 1 in both of the
guality of the transferred signals and the pattern
formability in a large area. Further, the Young's modulus of
the master medium as ﬁhe concrete example 4 is greater than
that of the master medium as the concrete example 1; and the

master medium as the concrete example 4 is superior to the
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Concrete Examle 4 The master nedium as the concrete exanple 4 is

identical to the concrete exanple 1 except that the resingpnadsidggte 1S
formed by the 2P nethod as illustrated in Figs. 3 and 4 using 2,

3-bi s-acryl oyl oxyet hyl oxynet hyl -bi cyclo- [2, 2, 13 heptane
ultraviolet-curing resin. The nagnetigugransfer is made by using the above
master nedium and the aforenentioned ‘evaluations are nade. As a result,

the masterscdBdidiREs 48 HORIRLS X MG % IS HP U AfUA] cpr Superior to
the master medium as the concrete exanple 1 in both of the "quality of the

transferred signals and the @@h%%&qscgp&ﬁ@gﬂdﬂéyii n a large area. Further,
the Young's nodulus of the master mediumas the concrete exanple 4 is
greater than ghat pfsdhe pRetghH Madi umas %p%%%%tee@eﬁriﬂ)ﬂee L the
master nedium as the concrete exanple 4 is supérior to the 10 March 2004 29

master RAMBAP dheLoyLte exanple 1 in durability. Conparison Exanple 1
The master nedium as the conparison exanple 1 is produced as foll ows.

First, a magneii:Gd, ayernhgnéelfed 9R 2 sUbsbiakg Mde: 8hpdc3ate Ny
silicon wafer (3.5-inch silicon disk), where the magnetic layer in the

conmpar i s gxa P 8kl SsiEcSA®3Sr t N8, RPRELT Gili1awem TALERS, copgLeLe

exanple 1. Then, a photoresist is applied to the magnetic |ayer, and the
phot or esiisd rhefgrfePAs eth ¥ USH Neh dTBSKRp £PL 68 PERGPIet @ tRE the same as

the magnetic 1layer in the concrete example 1. Then, a
photoresist is applied to the magnetic layver, and the
photoresist is exposed by using masks corresponding to the
same pattern as the concrete example 1. After development,
portions of the magnetic laver are removed by etching so as
to form the pattern.

The magnetic transfer is made by using the above master
medium, and the aforementioned evaluations are made. As a
result, all of the quality of the transferred signals, the
pattern formability in a large area, and the durability are
found good. However, the performance of the master mediums as
the concrete examples 1 to 4 are egqual or superior to that of
the master medium produced by lithography.

Comparison Example 2

The master medium as the comparison example 2 is
produced in a similar way to the comparison example 1 except
that the pattern formed on the master medium as the
comparison example 2 1is the same as the pattern of the

aforementioned concrete example 2. The magnetic transfer is
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sanme pattern as the concrete exanple 1. After devel opnent,” portions of the
magnetic layer are renmoved by etching so as to formthes;ppfl &l shoalhe
magnetic transfer is made by using the above master nedium and the
aforenenti oned evaluations are made. As a result, all of the quality of
the-transferred signals, the pattern formability in a large area, and the
durability are found good. However30the performance of the naster nedi uns

st or TRaCuRT pratRon By e Rolriey il SR e Bttt tenedr
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transfe%éegogagnals and the durability are good. However, the pattern
formabiTity in"a large area is not so good. Conparison Exanple 3 The

master nedium as the conpari A I roduced in a simlar way to
the conparison exanple 1 exézp E%%fgg&?%%ﬂg%Fgégn formed on the naster
medi um as thep,e

master medium as the comparison example 3 is

produced in a similar way to the comparison example 1 except

s

that the pattern formed on the master medium as the
comparison example 3 is the same as the pattern of the
aforementioned concrete example 3. The magnetic transfer is
made by using the above master medium, and the aforementioned
evaluations are made. As a result, it is found that the
guality of the transferred signals and the durability are
good. However, the pattern formability 'in a large area in the
comparison example 3 is worse than the comparison éxample 2.
Comparigon Example 4

The master medium as the comparison example 4 is
produced in a similar way to the concrete example 1 except
that the mother plate 13 obtained in the stage of Fig. 2E is
used as the original plate. The magnetic transfer is made by
using the abo?e master medium, and the aforementioned
evaluations are made. As a vresult, it is found that the
master medium as the comparison example 4 is equal or
superior to the concrete example 1 in each of the quality of

the transferred signals, the pattern formability in a large
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conpari son exanple 3 is the same as the pattern of the aforenentioned
concrete exanple 3. The magnetic transfer is made by usiggatdheogriaove
mast er nedium and the aforenentioned evaluations are made. As a result,
it is found that the quality of the transferred signals and the durability
are good. However, the pattern formability in a large area in the

conmpari son exanple 3 is worse t hak the conparison exanple 2. .
conmpar LagD- Bl end ISR MHLUOYES, | R EATPAr L9ed XA & 4 olrs
produced Tn a simlar way to tHe concrete exanple 1 except that the nother
bl ate 13.9ht alned.L0cbhe $620¢. 8L Fiflscl [ featSnd ag ! BRoOr LaLRgldy ale.
The magnetic transfer I's made by using the above master medium and the

af oremgLLRAgd o CYAlAbLONS A EaRdE: A%yR BASU driddnd® HAUNL Nk he
mast er nmedium as the conparison exanple i s equal ©or superior to the
concre %@ 1.in.e th aliLy he transfenjed si.grgls, the
patterthgrnggkﬁit36€% g’ agég 1§Oﬁgr%%£25%%m§?'area, and thegggrabﬁfity.
However..s5l.age @ great nunber of resin substrates for the master nedium as
the concrete ‘exanple 1 can be reproduced fromone original plate, the

production cost in the CO”CE§REa§{%€B|%x£m§§E ge greatly reduced.
Conpari son Exanple 5 The master medium as e conparison exanple 5 1is
produced in gngi Mphatepay,LQ@ibfie GANCLALe E¥ABRLEsineXeRBhpie 5 is

produced in a similar way to the concrete example 1 except

that the substrate is made of polypropylene. The magnetic
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transfer is made by using the above master medium, and the
aforementioned evaluations are made. As a result, it is found
that the master medium as the comparison example 4 is egqual
or superior to the concrete example 1 in the guality of the
transferred signals and the pattern formability in a large
area. However, since the Young's modulus of polypropylene is
low, the durability of the master medium as the comparison
example 5 is poor.
Other matters

Although the above embodiments are explained based on
the horizontal magnetic recording system, the present
invention is also applicable to magnetic transfer in the

vertical magnetic recording system.



iy

s

that the substrate is nade of pol ypropylene. The nmagnetic transfer is nmade
by using the above nmaster nedium and the aforenenti onegy figsdhUrighons are
made. As a result, it is found that the master nedium as the conparison
exanple 4 is equal or superior to the concrete exanple 1 in the quality of
the transferred signals and the pattern formability in a |large area.
However, since the Young's nodul us of polypropylene is low, the durability
of the master medium as the conparison 3&xanple 5 is poor. OQther matters

Al t hough the above enbodi ments are expl ai ned based on the horizontal
magnetic recording system the presepf,;inyention is also applicable to
magnetic transfer in the -.vertical nagnetic recording system 10 March 2004
32 Table 1 Young's (LxybapdVé W nmodulus) ¢(%s( MHz) Dar abi | btyabPa)ty
Concretel. 7X1051. 20. 133c&%aupl € 1(0) (B)Y 0) Concreugi) 7X1051. 60. 162

{Pa)
Concrete 1.7 X10° 1.2 0.13 3
Example 1 (0) {0) {O)
Concrete 1.7 X10° 1.6 0.16 2
Example 2 . (0) (0} (0)
Concrete 1.7 X10° 2.6 0.18 4
Example 3 (0) {0) {0)
Concrete 3.7 x1o0° 1.1 0.11 1
Example 4 (0) (0) (0)
~ Comparison 9.2 X10%° 1.6 0.16 3
J Example 1 (0) (0) (0)
Comparison 9.2 X10*° 1.0 0.21 2
Example 2 (0) (A) (o)
Comparison 9.2 x10'* 1.6 0.23 2
Example 3 (0) (A) (0}
Comparison 2.2 xX10*° 1.1 0.09 1
Example 4 {0) (0) {Q)
Comparison 8.0 X10* 1.4 0.15 6

Example 5 (0) {0) (X)




Exanpl e 2(0)(0)(0) Concretel. 7X1052. 60. 184 Exanple 3(0)(0)(0)

Concrete3. 7X1061. 10. 111 Exanple 4(0)(0)(0) Conparison9.2X10"1. 60. 163

Exanpl e 1(0)(0)(0) Conparison9.2X10101. 00.212 Exanple 2(0)(A) (0)

Conpari son9. 2X10101. 60. 232 Exanpl e 3(03)(0)(0) Conpari son2. 2X1 Olag%. 10. 091
Exanpl e 4(0) (0)(0) Conpari son8. 0X1041>°40. 156 Exanpl e 5(0) (0) (XM*5324Y Mar ch
2004 CLAIMS: 1. A nmaster nedium for use in magnetic transfer of
information to a magnetic recording medium conprising: a substrate which
is madﬁ;l_gjé esin, and integrally nolded with a mcrorelief or mcrorecess
patter g formed on a surface of the substrate and representing said

i nformation; Mpthser@aRin for a¥&in higMHc tfarifitofMnfditifloheh #mdpretier ecess
pattern. 2. A master nmedium according to claim1l, wherein said substrate

and _sareltporfkimrrﬁe@iu_rmfcompris_ingf orecess pattern ar Ie_ formed by using an

o OB HABAL Bl By 5 B A gl BB prordis o
microrecess pattern being formed on a surface of the substrate and representing said
information; and

a magnetic layer formed on said microrelief or microrecess pattern.

2. A master medium according to claim 1, wherein said substrate and said
microrelief or microrecess pattern are formed by using an original plate having a

microrecess or microrelief pattern.

3. A master medium according to claim 1, wherein said substrate and said
microrelief or microrecess pattern are formed by a 2P method using an ultraviolet-

curing resin and an original plate having a microrecess or microrelief pattern.

4, A magnetic recording medium on which information is recorded, where the
information is magnetically transferred from a master medium as defined in claim 1

to the magnetic recording medium.

5. A medium according to any one of the preceding claims, wherein said

information is a servo signal.



mcrorelief or mcrorecess pattern are forned by a 2P nethod using an
ultraviolet- curing resin and an original plate having a m crorecess or
mcrorelief pattern. 4. A magnetic recordi ng nmedi umon which information is
recorded, where the information is nagnetically transferred froma naster
medi um as defined in claiml to the %gneti c recordi ng nedi dAMash 2R84 e di um
according to any one of the preceding clains, wherein said information is
a servo signal. 34 10 March 2004 6. A process for magneti caIIy transferring
inforngtion froma paster nediumto.a. magnetic recordi

conpri 8ing th %mé‘?%%g’adf‘ag'%%i CaHlértﬁa&F’fﬁrﬂﬁg ofrpatien, rom@g%t%rwawm toa

magnet hypinef r@éorgﬁgqngaig,ﬁetdo%pr@gg)ﬂ{g fgpsgi umin a first direction; (b)
pl aci ng said master “nedi um and na ne[)l c recording mediumso that the
magnet ?&) r ec getfongingedianm iniiai n dﬂmtmrrem hmagneiizationc dfayaid fagneticon a

m cror orec rn of the master nmedium and (c) applying
to sai gé%’g@pélm% fr‘Jl F%gaﬁgﬁo 'field in a second direction approximtely
opposi { tomsam? higs madtdreaiddnim smidd daé treagnatil wiacraimgmeditnfso Hilistrat e
whi ch Is made resin, and integrally rmlded with said mcrorelief or

m cror meegsa%mﬂfzerreﬁordlmmum@ imvoeotaginEtiEr oagustisHarer femey e RESI N

apsTRACT B Rl ead et oI B e el gt ¢ transt er o

i nf or n@d)i on t applyimg tetsaid meastedinmgdiordiaumaghbtic rfiedd én a second direction

approximately opposite to said first direction; said master medium comprises a

substrate which is made of resin, and integrally molded with said microrelief or

microrecess pattern.



medi umincludes a resin substrate which is integrally nolded with a
mcrorelief or mcrorecess pattern being formed on a sujd gefnciookhe
substrate and representing the information; and a nagnetic |[ayer forned on
the mcrorelief or mcrorecess pattern. Preferably, the substrate and the
mcrorelief or mcrorecess pattern are fornmed by injection nolding using
an original plate having a mcrorec%so.s or mcrorelief pattern, or the 2P
nmet hod using the original plate and an ultraviolet-curing resin. Fig. 4
MASTER MEDIUM FOR MAGNETIC TRANSFER INCLUDING RESIN SUBSTRATE

INTEGRALLY MOLDED WITH MICRORELIEF OR MICRORECESS PATTERN

ABSTRACT OF THE DISCLOSURE
A master medium for use in magnetic transfer of
information to a magnetic recording medium. The master
medium includes a resin substrate which is integrally
molded with a microrelief or microrecess pattern being

formed on a surface of the substrate and representing the

e

information; and a magnetic layer formed on the
microrelief or microrecess pattern. Preferably, the
substrate and the microrelief or microrecess pattern are
formed by injection molding using an original plate
having a microrecess or microrelief pattern, or the 2P
method using the original plate and an ultraviolet-curing

resin.

Fig. 4



