10 March 2004 1 MASTER MEDI UM FOR MAGNETI C TRANSFER | NCLUDI NG RESI N
SUBSTRATE | NTEGRALLY MOLDED W TH M CRORELI EF OR NICRCREC%§§EB§E£EEN
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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Description of the Related Art Recently, the anmpunt of |nfornat|on which is
- required to be handled and stored is increasing. Therefore, there are
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Fransferrlng the information from the master medium to ‘a
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



2 track width, and a signal can be regenerated with a high SINratio. A
so-cal l ed preformat including a tracking servo signal, S50%
information signal, a regeneration clock signal, and the [i1ke 1s recorded
on the track of the disk so that the signals constituting the prefornmat
appear at predetermned intervals during each rotation of the disk. The
magnetic head is arranged so that the gnetic head can nove precisely on
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) 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



3 by formng relieved portions having shapes ‘corresponding to the
information signals on a surface of a substrate, and f urhRefcH i ng a
thin magnetic filmat least on the relieved portions of the substrate. The
sl ave nedium has the formof a sheet or disk, and includes a thin
ferromagnetic filmor a magnetic-powder |ayer. The nmagnetic transfer is
achi eved by placing the slave nediumih close contact with the nagnetic
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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



4 recording servo signals on a nmagnetic recording nedium (as a sl ave
medium, it is necessary to precisely formservo patterméﬁéﬁd{ﬁﬁﬂectively
appropriate positions over the entire area of a magnetic recordi ng nmedi um
where the servo patterns each have a size of the order of one mcroneter
or less. For exanple, the 3.5-inch and 2.5-inch magnetic recording

medi uns have dianeters of 3.5 and 2.5%inches, respectively. Since the

servo patlesng; ££spesthvelynhadi ¢at ddr esses .ot o -Rt QLM AN d t 1B, St he
nmust be g?f?e en?. Nf é

respective servo patterns cropattérns as nentioned

above capy e, T ook gl b 1f1e s Li thoaraphy, t SEhNi gues; Wi 6h ALfn

. e
convention Yy used 1 nanufactur|ng sem conduct or magnet i c

heads. Soueysle | gcthecLiLhoglanly Leghaiues. apuigigal idpge i oy

reduced 1n order to increase accuracy. ore, 'the area ICh can De

exposed hy. one gxpesifig Qpﬁégégggci§ggdﬁ&fﬁ t edeQthﬁeﬁg‘%?ﬁ%rgern]en a

Iarge-S|ze pattern Is recor repeatin e exposure of Cc

square, gded A{Yea3LAC naRRA LLT 01 LOCLYARS, AN, A LAY, O shdenti Ll adt egns.

That is,” 1t 1is dl??lcu t to forn1the servo patterns on a magnetic

recor di ng,gwedi ugy by g&h&glghe abaye 415 hographyybechnislussy SinggnLbecser vo

patterns are respectivel ifferent. In addition, in the nmethods o

recor di ngdBanets 2t PindAIRSDIS ARANG! | 6ol 3NST ehnat he. BRSL gLy gEI UM

is placed in close contact wth the slave ne uring t magnet | C

transferronesat i Py Theigker enavhed-$hepargnehisc Addfialv a 10 My €0 2004

Y

; 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



Qperation is perfornmed a nunber of times, the-relieved patterns
representing information wear down, and therefore the accuracy of the
magneti c transfer decreases. Further, when dust exists between the naster
medi um and the slave nedium the dust may scratch the surfaces of the
relieved portions of the master medidm In these cases, the W&&®$2%edi um
must be replaced. Therefore, it is desirable that the master nediumis
easy to produce, and inexpensive. However, the production of the master
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t he

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



present invention may al so have one or any possible conbination of the
follow ng additional features (i) to (iv). (i) The SUbStﬁﬁbﬁw&ﬂﬂJ4he
mcrorelief or mcrorecess pattern may be forned by injection nolding
using an original plate having a mcrorecess or mcrorelief pattern (ii)
The substrate and the mcrorelief or, mcrorecess pattern may be fornmed by
a 2P nethod using an uItravioIet-ching resin and an original plate having
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signal. (1v) The surface of the substrate opposite mcrorelietr or
m crorecgsscPail ern may be supported by a holder. 10 March 2004 7 Since
the substrate of the master nedium according to the first aspect of the
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recordi ng nmedi um can be produced at |ow cost with a desire
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.



accuracy. In particular, a great nunber of identical resin substrates can
be produced by injection nolding or the 2P nethod using1€ @{ naI

pl ate. Therefore, the qualitative stability of the magne ransfer can
be maintained by tinely replacing the master mediumin response to
increase in the nunber of the magnetic transfer operations. For exanple,
the substrate of the master mediumi% produced as fol | ows. VMiIe rotating
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substrate has m crorecess pattern,” this [ate Ts used as th
substrates can be produced by injection moldlng 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,}the remaining portioms of the photoresist

a prede ernlnea attern re ipdsed to



original plate. Alternatively, when the 2P nethod is used, the glass plate
et ched as above can be used as the original plate. VWen16@%n?ﬁgﬁﬁ gl ass
plate or nother plate is not used as the original plate, further

el ectroform ng processing is perforned on the nother plate in order to
produce a plated original plate (as a stanper) having a m crorecess
pattern (negative pattern) . Aterhatively, the plated original plate may
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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



"microrecess pattern of magnetic material, is obtained. In addition, a
great nunber of resin substrates (for master nedi uns) Cﬂnggﬁpﬂﬁguced by
using one original plate. Further, the above glass plate and nother plate
can al so be used repeatedly. It is preferable that the resin constituting
the substrate has the Young's nodulus of 1.5 X 105 Pa or greater. It is
further preferable that the Young's mo8ulus of the substrate is 2.5 X 105
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recordi ng nme m The process conprises e steps of: (a) perform ng an
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rTEdiummediums) 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



so that the magnetic recording nmediumis in contact wWith a nmagnetic |ayer
formed on a mcrorelief or mcrorecess pattern of the nqéhﬁﬁci?qylun and
(c) applying to the naster nediuma magnhetic field in a secon ITection
approximately opposite to the first direction. The master medi um conpri ses
a substrate which is nmade of resin,l and integrally nolded wi.th the
mcrorelief or mcrorecess pattern. ﬁegardless of whether the mcrorelief
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copy of e mcrorecess pattern Torne orenmentioned glass plate
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directions of the initral” magnetization of the magnetic ™ recordi ng nedi um
and the dRONGligheie) d-288Lued ! OnbASUARSEAr 2 MRl LT Of; RODELA S L IBRST er
are inverted accordingly. The ster nedi umused 1n the process accordi ng
to the O A8PEChalk ok A ASP Lnl AN | fllyABY1 8! §%}g%§‘\ﬁ%n§n O& i yRANY
possi bl € conbi'nati on of the aforenmentioned additional eaturés (1) to
(1v). 1QJvereh: 2084 IladrBe ACCREALRG: hE W&siN M fsaSReCloftabbe AlgS et
invention, there is provided a nmagnetic recordi ng nedi um on whic
| nfor Ml QS J SGAFdeds o MK €l N W RELETRELQR ofS nRANAId LAl Yod falsher T ed
froma nmaster mediumto the nagnetic recording medium the master nedi um
CONDI i G5 A niifdd@d:e MU Glhi SahBde: Pl abB3ingaRE iviCHAI M R dedl ith a
mcrorelief or mcrorecess pattern being fornmed on a surface of the
(? 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 magnetic 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).



substrate wherein a magnetic layer is formed on the mcro relief or

m crorecess pattern, and the mcrorelief or m crorecesswﬁ{atr%g%bdhepresents
the information. The master nediumused in transferring info ion to the
magneti c recording nediumaccording to the third aspect of the present
invention may al so have one or any pélssible conbination of the

af orenentioned additional feature (i) and (iv). DESCRI PTION OF THE DRAW NGS
Figs. 1A to 1C are cross-sectional views of the first to third stages in a
process of magnetically transferring information froma master mediumto a
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are cross-sectional views of the first to third Staﬂﬁ; in a process of
nmagnet i cal | yhermastee maedign ysedoprieansierring dafoamatien ¢ thecaiagnetio recartiage

medi UMy &fiuiSecording to the third aspect of the present invention 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.



first enbodi ment of the present invention. The outline of the magnetic
transfer process is as follows. First, as illustrated ifggn Jdyg i Nitial
magneti zation (direct-current denagnetization) is perforneg on a sl ave
medi um 2 by applying to the slave nedium2 an initial static nmagnetic
field Hnin a direction along a track of the slave nedium 2. Thereafter,
as illustrated in Fig. 1B, the slave nedium2 and a naster nedium 3 are
pl aced so that,.t he neti | . f f th [ 1S in
cl ose cont ac%l\#t h5 in“rqgosrra ’iﬁ%gns?g%%cre'{ln%%slu??gggs OE)ff e“tlﬁéea%ngglgg? %r?e%%r?ln 3,

wher e thiemidqd)rtgphghoen- q((é d'surfaces are surfaces of a magnetic |ayer 32
formed on rell eved portions of a mcrorelief or mcrorecess pattern of a

magnet o Tield Tor  BRsNE Ak Rt A onet i ¢ | ayer
maanet i c 11 ol & B B ERE e SRt ey thelpPLeh G {hekBletbe dp 1 o
bor 11 onarter e aelort P T hoe! yal BRI | b ey S o
Sur face TSR o bt TCAPAE i HGhs EOSAELY TUah, BIRCTRABEE Bf 1Y ©

recorded i ddie Slake TR UM Zr £ i £ ©SHRUDERLA! Bifdndloble 5335;; efp gedi um

3 is produced by resin nolding, for exanple, by injection no
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.



or the 2P nethod using an original plate having a microrelief or
m crorecess pattern as explained |ater. The mcrorelief qR é@ﬁé&g cess
the o

pattern is fornmed concurrently (i.e., integrally) wth portion
of the substrate. The surface of the substrate 31 opposite to the
mcrorelief or mcrorecess pattern is_supported by a holder, as necessary.

Even when the nicrorelief or microreceds pattern of the resin substrate is

2 DAL et fy ey erseyLonk bex TELMA] ©f le1dl 6 0LCEOSH AR N calerfl dpod

t he sane nagnetlzatlon pattern as that of 1C can be realized by

nver ti ngabhees i £eGhLA0S) Ofabheel Bbbhakastal 6, TRl - Ehgo ;204 the

transfe gnetlc ction of Substratée of Mastéer nedium A

pr ocess eﬁepggga'gw&naoaggéiegt £o0knd MASLECITROIIIN A MYl 2004443 by

injection nolding 1s explained belowwth reference to Figs. 2Ato 21,

which arga 4085 S¢ 5?%'.18”5}!111“ £Y608" CHLPEESEOL AL VG eS| ARES LRk Y 9@@88-

In the stages of Figs. 2A to 2E, "an origina ate (stanper) is produced.

Fir st Jebhed Ohgaialh Sol UALOD | SocapL i ofl tﬁli\uémwdswﬂ apegof 1@ gl gss

(or quartz plate 10 by spin coating. or t l1Tke so as to forma
phot oresbéétéfﬁmf&%ne&/\wlecﬂ Ofld NGhNe V@SS oRkabRs100 foat;ﬁg %ggt&e

photoresist film11l, laser light (or an electron bean) L nodulated wth

Servo sigogismi $ ZRE! b?QcéQ LB vRN@LQr 68 ctssdd IdBAk o tdat cpOr fh QRS Of
the entire surface of photoresist film 11, corresponding to

predet erpgh AfeknPs €f or MBbnetically 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 of 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



patterns which represent to the servo signals, are exposed to t he
nodul ated | aser light or an el ectron beam For exanple, (?hprnat
pattern is a pattern conprised of lines being |ocated at a p05| Ion
corresponding to each frane, radially extending across each track, and
representing the servo signals. Thereafter, the above portions of the
phot oresi st which are exposed to tHé Iaser light L are renoved by

devel OPIRA injB3cbhUSIAR ik | Bel Gep PBunbE o dl LU cB ChAG ShagE o

portions of the glass ate 10 "\hi ¢ are expose renova

exposedﬁ¥g§|0n§Aofttpe photopesist ar paf?et%Q%gs %%ﬁ%iJﬂ%fcwplgegres%%ons

10a correspondlng to the prefornat erns strated

Then, Ia;ggydydglvéuygﬁg%gsl tﬁQpE&Qth;eS|st are renoved. Thus, the
0

glass 10 rch 2004 15 ate aving a mcrorecess pattern forned W th

the depressiags [ i ped |1 ystrate n g.
illustrated i %BFI %iQ@ZES%ag%tsﬁl n§5|Fal eér p'ég‘t i tra'tl%g dﬁE!ayer!ih 012% Tor rretﬁ) on Ef he

M CT 07 @il ol 1 f OpFBdL, ARl he piglass Bl ay %lolc%re%g% '%% LQf QU 1

processing is perforne the p ate gl ass ate in or er 0 form a

mot her plghe k3 tdayi eaoatm GhLrreldef, pgstﬁ'a\é%) L@l L Y€ 15@8 0

t hi ckness of the nother plate 13 reaches a predeterm ned val

mot her  phatd k3 dsat AIPVSH {:ﬁQm.LEﬂS Qloa%ss R LodR- o Pﬁgtorgls (%fr_]_q_rn{n ng

processing is perforned on the nother plate 13 as il ustrate
in ordensto WaiMed Rbabedng i ghlal g1Rlat € a3kamarn) Lbahay ”%ﬁhm ¢l ecess

(negative) pattern.

,-} photoreelst 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 the 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



Thereafter, the plated origi'nal plate 14 is renoved fromthe nother plate
13. Aresin substrate 31 is fornmed by injection nolding (fu_imaﬂ%édbg pl at ed
original plate 14. For exanple, as illustrated in Fig. % ) e plated
original plate 14 is set in a formdie 15 which is closable and openabl e,
and a resin substrate 31 having a mcrorelief (positive) pattern
corresponding to the microrecess (nedative) pattern on the plated original

late 14 .is f d by injecting, in_int th I d_f di.e 15  Aft
Phe. 1 es it Sibart H1HS BooR4RESERESPHai ROGHBEDr ate™IET & Faibasltot  om
the f di 15 T th d bst 31 | bt ai ned illustrated
in i g PPTHRR A AT ORI Th 1 DR 1o9 PR 1 A1 i rever s
to the m ief patt t Lass,.pl atg 10, 10.March 2004 16 . |
addi (1 on, 1 ho S ol H | o LEPTRFRO AR Ba% orifbd Bt EUAPOFCIAY FORIEITA on

th i : | th f ' t I A
st or s 5 | 451 SORlE D, CBET R Shorkordt ST sooBRetne the

' | jef ] Iy f_th [ bstrate 3
Var | at | Hoot R okLeciny RREEEESSSrytdg bEREASRHREL T Bk T op

et ched. t h h late 13 is . formed. by performng silver
éﬂg;éﬁéke& ?1&?& iage %g in drder tg £ ¥m a 8Ptg%g ﬁ?ﬁte l?st

pl ati ng and ctroformng ont r'emai Ni'ng portrons ot or €s

and the y2xnaseda SWilAet o M | A0S PLs 10P ghasa Rl atg 0 ghtertha slage of
Fig. 2B. ereafter, the plat orrginal “pl-ateé "I4 naving a nicrorecess
(negati \6%) p_ﬁEzt Gk N B%@Qt ai-SHEQ'eg%hte@e gl %glerd%ft%rrrgir}l%d value, 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.



processing in the stage of Fig. 2F.
Fi gs.
not her
Since the nother plate 13 has a mcrorelief (positive) pattern, the resin
substrate 31 produced in the stage of Fig.
pattern which is identical to the Mi%r or ecess pattern of the glass plate

ster...medium3 is forned oat | the nmicrorece attern, of
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on 10 March®2004*fF s magheti € recC r 8 ﬁg rred?umlby rnverting e ~¥
directiaons, of _t initial static netic fi.eld Hi illustrated in_Fig.
1A) and aet%tl}gangs]&argﬂneatglncet;f%y%?e?gagﬂuk%lel Fastr é:teélg Eﬁ(fln |3$1‘%1%€e(l.:gsfﬁe
materi a

plate 1

plate 13 is used as an original plate in the stage 2H.

C yer menti one e

e rdn the haEster s

I inthe electrof qriing opgrations of the plated original
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rp at é nay e’ or a N alloy. In order to increase
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r plate

formed by performing silver plating and electroforming on the
remaining portions of the photoresist and the exposed surface
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

I n anot her variation of the process of
2A to 21, the plated original plate 14 is not pro I'_ftﬂ)q t he
%lﬁ%?c Ig.

2H has a m crorecess (negative)

C), or the



A plurality of resin substrates 31 can be produced by using the above

pl ated original plate 14 or the nother plate 13 as an Oﬁ%ﬂkﬂﬁhz jate. In
addition,- a plurality of plated original plates 14 can be produced by
repeatedly using the glass plate 10 and the nother plate 13. The resin
material used in the injection nolding of the resin substrate 31 nmay be an
acrylic resin such as polycarbonaté7and pol ynet hyl net hacryl ate, a vinyl,

chi or denor Shigheh as-dlol il L€l OBLOS 0 Yl ! 911 d, £3001 T

epoxy resin, anorphous p olef 1 ne, polyester, or "t n particul ar,

polyeor bl end o ARRLSBEOUB I, s BRLSKUNG 381 83068 o TR SRR

stability, price, an I € resin has & “urr

t he burr ks eld mnat rnL shi or-.poli shi ng, it in substrate 31
The hel oht o0 e SFetta 1B e Per FabTy B TR GV BRI 5355 o
1,000 npyyand nore preferably 200 to 500 nm The thickness of the resin

substrate’31 is preferably 0.3 to 1.2 mm and nore preferably 0.5 to 1.0
Th . ‘ . it h Lo rmteri | atd ng,
mn The meonekhe haXelidds S dd MEY WhEN A RGN AP n&ééﬁ%&& e ng

vacuum deposition filmformtion, or t € vacuum
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The magnetic material” used Tn the magnetic Tayer , a Co alloy

(suoh, omaca sCallZgnagd BHOTRG), Fo et o ity Bk,

N Fe) |piReeki CWalyinkQCo ANt SeCPN 28 the mother plate 13, a

s e protection film made of sputter carbon, diamond-like carbon
(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



preferable. The thickness of the nmagnetic 1ayer 32 is preferably 50 to 500

nm and nore preferably 100, to 300 nm Further, it is t lébdho provi de
anon- magneti ¢ base | ayer between the magnetic |ayer 32 an € substrate.
The non- magnetic base | ayer may be made of C, CTi, CoCr, CTa, C M,
NiAl, Ru, C Ti, Al, Mo, W Ta, Nb, or the like. Furthernore, it is
preferable to provide a protection &Bl mnmde of dianmond-1ike carbon (DLC)
or the like on_the nmagnetic layer 32, In addition, it is possible to

provi de 5Pe| g6ERENRE PRF&ioNb e REFEFEHPLY BBt hoofl A4 11y i 23R MPERRr
and the DLC protection |ayer having a thickness of 5 to 30 nm are

provi dedPTARER2PRE sP80e fedi 302 &Fhes Thit o MRS Hi tAE t RRenpEpEdn
medi um 3, a deviation nmay occur from perfect _alignnent. -When the deviation
i s correBHRALTRERCELOASaPFEES TR INalc 2004 1D Mhet FRENMPRE BF§{ErARdMIM 2
and the master nmedium 3. For exanple, durability of the master nedium 3
may det ePi dr 5Pel-§uB™to a fl aw produced on the surface of the magnetic

| ayer 32 by the friction, The |ubricant |ayer can prevent deterioration

in durability 088 tBaFREELFonlaYRE sPve Tfediiti®eay? bt a fi gR2EBARSHS)

flexible disk, _a hard disk, or the |jke. The magnetic recording | ayer of

the sl aVBEREARINPY Raf tBE % oMRERIBY RN T DN of ™ wh At t At n °ﬁe¥5’ie

film Thfiggnetic msgeriall éra% ‘tlge Co, %C(I)n ainalrr%ga('SUCh' as éﬁoptg uCoCr,

CoPt O Tal 1 E6Pt &R TEABIG B, T_AIdVEORIY, TRé! HP) 1251 SRR h VBS 1S,

FePt, angvggggykgbnfrO%%%Qé@}fﬁéﬁiﬂgﬁéaigogy %ﬁé%¥$§¥1 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



Figs. 3 to 5 are cross-sectional views of the first to third stages in a
process of producing a substrate of a naster nmedi um by 4fgddh PRjghod in

t he second enbodi nent. The 2P nmethod is a photopol ynerization formation
met hod using an ultraviolet-curing resin. The aforenentioned pl ated
original plate 14 fornmed in the process of Figs. 2A to 2G can al so be
used as an original plate in 2P met Hod. An axle 16 is fixed to the center
of the pl ri al te n I| ed ti_on.nechani s not
shown) so &tf § lsl)t htg{c'gl & g %or?%?%léﬁ % pl & lgi 14 can éegérlgt erhcfrmﬁ'hg u g]‘é'%
portion axl| .ot r ude bo I i_nal ate 14  and
the top ée)%]cfﬁﬁa? glréglléﬂ % &'Pt Z:E)lger e%g {:Q sﬁ'e%tziﬁlq‘u rglw Yol egl:%ﬁ%?ngtfaem n
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onto the axl €716, S0 t e ultravio curing spreads
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Fig. 4, éf@vé’lﬁnéé\ihﬂlej xﬁé:'f'ﬂg 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 Meth

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



resin solution P spread over the entire surface of the plated original
plate 14 is irradiated with ultraviolet |ight W em'ttepo&[d é?)loldfi ght
source (not shown) |ocated above the arrangenent of Fig. 4, While pressing
the ultraviolet-curing resin solution Pwth the support disk 34, and
rotating the plated original plate 14 and the support disk 34 around the
axle 16. Thus, the ultraviolet-curi4@ resin solution Pis cured by

phot opol ynmeri zation so as_ to forma resin substrate 83. .. JThe above

arr angerBittads 3ot E B i Rt dF¥etdt 0206 ot NPT RFESERE FébPn2 ISPRRRFEi on,
a wper 18 is El aced in contact wth the peripheral, edge of the plated
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out from the peripheral edge of the plated original plate 14, and , prevent
dri ppi ndictk t RE xR site restR. Fourt iy, thato fht cR ey 2L e ity al
mask 17 i s arranged above the peripheral edge of ,the plated original plate
14 in ortftih osﬁgé‘\'FéﬁP cBri PRFIRAS t IRV cddS vE e g‘dF £F6n Shuek28d out
fromthe periphergl . edge of the plated original plate 14, After the

ul travi a1 %r Ofg 9i@Siln SIRHE ohtp Fith rFadF%%‘égnﬁPFh ot rali of et ¥Pght
for a predetermned tinme, and sufficiently cured tgo formthe resin,

subst r afEtoPPMeteTs ¢ Kb SYBRPF L 8185 B¢ SRR f POnft ME S55dEEd HH GRnal
plate 14,. for exan%le, é)\%/ taggi ng,out thﬁ,rﬁsin substrate 33 from_ the

pl ated or% gi AL U4 WP t NULSbRRVEBLFE ThaIPEsi n® Jubst FHF 33 nHBhe
formof adalhay ng.acenral porg,33g. Wieh bf." ehrefadus ' thge

y support disk 34 is 3 to 10 mm. After the substrate is formed,
oS

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



mcrorelief (or microrecess) pattern on the resin substrate 33 is
integrally formed with the disk portion of the resin subgpapdieachd. The
master nedium 3 as illustrated in Fig. 5 is obtained by coating the
mcrorelief (or nicrorecess) pattern wth a magnetic |layer 32. In the
master nedium 3 of "Fig. 5, the aforenentioned support disk 34 is coupled
to the back surface of the resin substrate 33 (opposite to the surface
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32, is the sane as af orenenti oned case ere the rate |s or ned
by resin substrate 33 is removed from the plated original plate
14, for example, by tapping out the resin substrate 33 from

iy

- 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



i njection nolding. Young's Mdul us of Substrate Preferable ranges of the-
Young's nmodul us of the resin substrates 31 and 33 of thg, PE pedi uns 3
are indicated below As explained before, in the nagnetic trans er process,
a magnetic layer 32 is formed on the resin substrate 31 or 33 which is
produced by injection nolding or the 2P nethod, and the master nedium3 is
placed in close contact with a sla?@ nedium2. In order to realize the

cl ose co medium_3 i.s pr d agai pst. the rredl um 2
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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
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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,



of the resin substrate 33 produced by the 2P nethod-is preferably 30 to 80
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m cronmeters (nore preferably 40 to 60 mcroneters). In S ere the
t hi ckness of the resin substrate is bel ow t he above preﬁ@&gﬁﬁeﬁro%ge, t he
pattern formability decreases, and the resin is prone to danage when the
resin substrate is renoved fromthe original plate. In addition, in the
case where the thickness of the resih substrate is above the preferable
range, the resin substrate per se is |ikely to deform Evaluation of
Mast er NE u¥ FHBPE Tayndiec&tzslufipg i1y bhestyaarserrafstdansd s o Bhe
recorded in a slave nedium pattern formability in a large area,

dur abi | i3BPIGfCae RREr dtade ePRorexpe¥ vretes #Mpather fependancymetfer thedi um
in four concrete exanples of the master 10 March 2004 24 nediuns as the
above erffBtAgfent’s BRI PRUECHR heporxbhpl ¥suas ' sneded used Thes 17 Othic edtf or
conparison. Table 1 also indicates the Young's nodulus of the substrate in
each exXdHhI FRATIMRA ekt elndbar gl FReTabpri dantshddddratipst ebh thebdgal ity
of signals transferred to and recorded in a slave nmedi um (herei nbel ow

cal | ed thandterdwepkibheay st hBef PFéRs Substet tea Lvngieas el et bprered
solution "Sigmarker Q (manufactured by Sigma H -Chem cal Inc., Japan) is
di | ut ed ¥i&h hPesYOURE ' 8r OPREHL SRt G- hETER nEBRBm af tRiredg ppEminedr e
magnetically transferred to the slave nedium Then, the nmagnetic devel oper
sol ut i or¥ooi'& he' B avkS netf ainy PYndr Felodhgs of the resin substrate or

the resin portion of the master medium is preferably 1.5 X 10°
Pa or greater, and more preferably 2.5 X 10° Pa or greater.

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 quality of the transferred signals is evaluated based on variations of
the edges of the transferred signals. Ten fields of vieyygaerolRar ved
under a differential interference mcroscope at nagnification of 480X A
di fference between the maxi mum observed line width Lx and the m ni num
observed line wdth Ln is obtained,_and then a ratio of the difference and
a target line width W is obtained. en the ratiois 3%or less, the

quality ﬁédmﬁstaén%@ rfhwd 98abSai RedebeHACH: §O o@ﬁes}o%a@%é ngigcat ed
.wth "0" in Table 1. Wen the ratio exceeds 3% the quality of

transferfede ol gnabaihfe IShRIGUARS nebrt o dnfifaboand cogi gat qd mg ' X

in Table e pattern forma ility 1n alarge area is eval uated as

fol l ows. 3 bk i o, havg, heens transi pis edo£ 0 andl reeosdegdedn 80 10 MBECH

2004 . 25 sl ave nmedium are exam ned by using an el ectromagneti c-

char act eékg,rgf],_lce NBASH & TR + APPREQ W, SS-60 (manufactured by Kyodo Denshi
System Co Japan) in the case where the lines extend radially, are

spaced 0.5 m GHQELELS ;2R &hs t@%a&%@'t‘é% ofth%O ﬂ;ﬂhli‘ﬂg egeh baygand ine
width of 0.5 mcroneters at the radius of i nductive head having

a head gap,d r ek %sroa*ff‘ée&%c@&@ea t{ack %ﬂma OtnediQm N KEPEBLBES oS
used to regenerate the signals. The regenerated signals are frequency

-anal yzegy1 ol the, Peakedd Neigb i, VUOf ebheopsimary signal is neasured. |f
the pattern formability deteriorates, and the iine widths and the spaces

between the |ip@swyary, addiddonal démw@y CONPOPEM S @ Egmarker O

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



generated, ‘and the peak line width Wincreases. Wen the peak l|line width W
is 0.2 WMHz or less, the pattern formability is determ ne Ivfa?chbfo ood, and
indicated with "0" in Table 1. Wen the peak line width exceeds 0.2 Mz,
and does not exceed 0.5 MHz, the pattern fornmability is determ ned to be
acceptable, and indicated wwth "A" in Table 1. Wen the peak |ine width W
exceeds 0.5 MHz, the pattern forn@bility is determ ned to be unacceptabl e,
and indicated with "X1' in Table 1. The durability of the master nmediumis
eval uat et ake  feRdioHE. R erexyhiRE oPYt hBSHRSt e ATme SlENHTETR SRS nedi um
under a contact pressure of 5 kg/cnR and separation fromthe slave nmedium
are repERBFR A S dmeR FRESMEREL \ARREFFIHS B6 - RAr cHR3BphaoBured| & ed
fields of view of the surface of the master nedium _are observed under a

di f f er edt¥odo i PeRfhbr EHEECHI EPoscdped at TARGR! f FRatih TFSABYRETEhT R he
nunber of abrasions _and _cracks found in the fifty fields of viewis five
or |esstiRE 8GFEBRAI ARG lvhe ¥t SPATER ufr P s THETEMAYTEF t BPBELgdd, and
indicated with "O'" in_Table 1. Wen the _nupmber of ahrasions _and_cracks
found i Fhe™PAEEF 7RI ¢ oMy APExEE8ENs PRVE, 2t HeTfur Bt yObf TR
master nediumis determined not to he good, and,indicated with "X' in

Tabl e 1 ™HHENIFHF s> ot uE2f3vfegdurdd S o7 1 LREUCAIY EsSfite I 0R%

resin subs%ate of which the Young's npdulus is to b n%? lé%edoks 3 0

prepared whafe IR Sifzelof3t MEicrometers and a trac
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



test piece is 5 X 30 nm The test piece is set in a tensile testing
machi ne, and el ongation of the test piece is neasured W\ hardHE®R NY a

| oad on the test piece. The load is increased until the relationship

bet ween the inposed | oad and the elongation of the test piece deviates
froma straight Iline, and the Young' s nodulus is obtained based on the
inclination of the straight |ine. fcr et e Exanpl e 1 The master nedi um as

the concggf & Ex/MPLE1ds] _gfprﬁd&ﬁeg% g)‘xef %ru@forél%fcaé‘%ggﬁ&' Ehgls%%‘?:r il fum.

3.5-inch polycarbonate disk inch p onate sk is aresin
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10 mcroneters. The spaces between jacent ones of the lines ar'e
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The depth of the groove is 200 nm e magnetic layer is forne

direct- Hi&Med D taPUDNEriNOriE] 04 UG, thes SH%ESE' R¢ Al Aldips
"730H" (manufactured by ANELVA Corporation, Japan). In the above process,
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Pa (0.25 nTorr), and the input power s 2. . The magnetic transfer
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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



evaluations are nmade. As a result, all of the quality of the transferred
signals, the pattern formability in a large area, and thgydriaighity are
confirmed good. Concrete Exanple 2 The master nmedium as the concrete
exanple 2 is identical to the concrete exanple 1 except that each of the
lines in the pattern has a wdth of 1 mcronmeter, and the spaces between
adj acent ones of the I|nes are 1 nmiéfometer at the radius of 20 mm (i.e

at the ig0eramstoR0sithoRk 5 Te,adRODELLE LLANSTIGY | S pRdgshy usingythe

above nast er nedlun1 a orenen I oned eva i ons are
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fornablllty In a rge area, and Ity are also™ ¢

the case,pf LOEn'hage RAYLIL oF0 AL 2008 28 CORFLeL fHAPhe . doIhe

mast er um as e concrete exanmpl e rdentic e concre

exanpl e Jg pxsapt eﬂ@g S3Chaf {NEeq! LS g M&m@&g@ hes o LA gL 0-5

m croneters, and t spaces between adj acent ones the lines are
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magnetic transter is nmade by u3|ng ove nast er I um
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transferred signals, the pattern Tormbil |ty |n a arge aréa, an
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"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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Concrete Examle 4 The naster nedium as the concrete exanple 4 is

identical to the concrete exanple 1 except that the resi te is
formed by the 2P nethod as illustrated in Figs. 3 and 4?%g?ﬁ%§%#ﬂ

3-bi s-acryl oyl oxyet hyl oxynet hyl -bi cyclo- [2, 2, 13 heptane
ultraviolet-curing resin. The magnetic transfer is nmade by using the above
master nmedium and the aforenentioned8eval uations are made. As a result,

the master medium as the congret a i s, found equal or superior to
the master medium as the conc%o Crert EL oth of the quality of the
transferred sipgnal s d. the pattern__formability .l I rea., Fuyther,
the Young's nggﬁlugigkeﬁruyéggﬁ%r ﬁ%di&%%as%ﬁé%%%%%re?%g§§gﬁplg¢4{%

or eat er ylgian ; Lhat. of Lhe mstel ediynas {he,coner ehe exanphe b apd the

mast er nedi umas the concrete exanp I'S Superior Marc 4 29
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The master nediumas Thée conparison exanple 1 is produce
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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



portions of the magnetic |ayer are removed by etching so as to formthe
pattern. The magnetic transfer is made by using the abovegwsdresogqaredi um
and the aforenentioned evaluations are nade. As a result, all of the
quality of the transferred signals, the pattern formability in a |arge
area, and the durability are found g . However, the performance of the
master nmediuns as the concrete exanpleés 1 to 4 are equal or superior to

that of nd i€ Mgl Sunel %ﬂeorc%%eéjcebyeﬂa!r&ﬂl%grla%-}’ adPa 4 Spn Exanpl e 2

The master nedium as the conparison exanple 2 is produced i'n a simlar way

to the conparison exanple 1 %&?Bfrlsto'ﬁatméa&ﬁ‘g]ﬁ@tﬁ ern formed on the naster
nmedi um as the conparison exanple IS the sane as the pattern of the

af or enent i ONeGHONGI ke X3RRI En? 2Lhe tHRINQInpaib3 Clexdatnph d Mar cfi52004
30 nmade by using the above naster nedium and the aforenmentioned

eval uat ipnsa &g Bd& o ADws result, it is found that the quality of the
transferred signals and the durabl lity are good. However, the pattern

formability i wigdiarae ALGRet Sc nqtayesro 99086 HRAP SONEXaTRLE 3 Adie
nmast er medi um as t he conparison exanple 3 is produced in a simlar way to

the compayi gors examle 4iExeopt watffééii (hes pahtRr kihaldkd ghskhe mﬁ%éﬁé
medi um as the conpari son exanpl e is the sane as the pattern of the
af or enenti OnesyLoNcd el £, &X P! en . chhgaf@gaﬁt ERahp@BShCRsi $he same as

the magnetic 1layer in the concrete example 1. Then, a

photoresist is applied to the magnetic layver, and the
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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



made by using the above master nedium and the aforenentioned eval uati ons
are made. As a result, it is found that the quality of ﬁP frerred
signals and the durability are good. However, the pattern torna |I|ty in a
| arge area in the conparison exanple 3 is worse than the conparison
exanpl e 2. Conparison-Exanple 4 The master nedium as the conpari son exanpl e
4 is produced in a sinmlar way to BRe concrete exanple 1 except that the
not her e.l13 [ e stage of Fl used as the. origina
pl ate. ﬁ%&& R ugghatgggs gfkgsm% % medlu Hg ﬁﬂ1 JH%V% PR T Im  and
the afo I i,ons, are nade As a, esult, nd_t hat the
é@%ﬂ‘ék?&ﬁ?h £l yakl RE8p1RT iE ST rondy bR el Seh il

mast er Ium as e conparil SOI’] exa I $ eﬁual

concret e ch of - t he uallt r ansf er .signals, the
patternii %?%a i 19 y%?ﬁ a.ﬁ%ﬁ%ﬁ?ﬁf?é&a 54 %ﬁ aﬁ%ﬁ §H5apﬁglgﬁraﬁ¥?lty
However nc at resi strates far the mast er . ned| as
t he coﬁ%r€? ﬁggggéf Eﬂggﬁg%tgggpﬁﬁ ﬁgé : E m-oné gﬁgﬁ r%ﬁzﬁ ?he
productégn @x t in the concrete exanple 1 can be greatly reduced.

anp

Conparison |l e 5 The master nedium as the conparison exanple 5 is
produced in a simlar way tao, 5@5 gog;geéﬁéﬁgfnpge 1 except that the
substrate is nade of pol ypropyle transfer is made by using
the above mashgl MRAludy aubile A oraientdSisd L&l valians &re; meg. As a
result, it is foun

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 example 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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that the master nedium as the conparison exanple 4 is equal or superior to
the concrete exanple 1 in the quality of the transferregygiagpddpnsand the
pattern formability in a large area. However, since the Young's nodul us of
pol ypropylene is low, the durability of the master medium as the
conparison exanple 5 is poor. OGther matters Al though the above enbodi nents
are expl ained based on the horliéntal magneti c recordi ng system the

present, Lnventd opuis 1,89 ARRL Cabg Lo, TG 4T aster dpwde orertical

nagnetlc recor I ng Sys 4" 32 I'e 1 Young's (Lx- Ln)/V% W
dul t P T 20,133 0)(0
ggngrg e%f% NHé%E%%%?SEIEﬁggp?éhgbgﬁ%g}?%) é%gg%gte : Xigé ngéﬁf%%géﬁa%é é
3(0)(0L&9%p§%“C£eH§§r7§%°59e§£%&&&ed from one original plate, the

production cost in the concrete example 1 can be greatly

reduced.

Comparison Example §

The master medium as the comparison example 5 is
produced in a similar way to the concrete example 1 except

that the substrate is made of polypropylene. The magnetic

Nezstio”

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.



Exanpl e 4(0) (0)(0) Conparison9.2X10"1.60.163 Exanple 1(0)(0)(0)

Conpari son9. 2X10101. 00. 212 Exanpl e 2(0) (A) (0) Conpari song, @?&%%ﬁ%460 232
Exanpl e 3(0)(0)(0) Conparison2.2X1 0101.10.091 Exanple 4(0 (0)

Conpari son8. 0X1041. 40. 156 Exanple 5(0)(0)(X) 33 10 March 2004 CLAIMS: 1. A
master nmedium for use in magnetic transfer of information to a magnetic
recordi ng nmedium conprising: a substrate which is made of resin, and
integrally nmolded with a microrelief or32microrecess pattern being formed
on a surface of the substrate and representing said information; and a
magnetic | ayer forned on said nicrorm%$f£ m crorecess pattern. 2. A
mast er nmedi um according to claim 1 erein said substrate and sai d
mcrorelief or mcroreggssgpattern(pkerhoywed by ugi ng anueabgithal pl ate
having a mcrorecess gpafiigsorel ief pattern. 3. (Agamster medi um according
to claim1, wherein sqbq)substrate and said mcrorelief or mcrorecess

originaE

'gg né% unlon

b,
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2

e -
aving a nlcrorecess o glcrorellef @attern
' c#ﬂ@rnatlon |§ recorde

curigg resin and an

A magnetic

ere the, infornmation

IS magn E y transfe?re roma naeger nedlun1q% deflned(b9 claiml to
t he nag e ordi n nedlum )
Concre %. 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) {0)
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)




5. A nmedium according to any one of the preceding clains, wherein said
information is a servo signal. 34 10 March 2004 6. A process for
magnetically transferring information froma master mediumto a magnetic
recordi ng medium conprising the steps of: (a) performng an initial
direct-current magneti zation of said ﬁhgnetic recordi ng medi'AMah 2% i r st
direction; (b) placing said nmaster nedium and said magnetic recording
medi um so that the nmagnetic recording nmediumis in contact with a magnetic
| ayer b r on a mcrorelief or mcrorecess pattern of the master nedi um
and (c ing to said master nmedium a magnetic field in a second
directhon appheteRkRbInRR08sd th hadiriie thadshr &F RSN 193 %z@@&i@r

medi um conprises a substrate which i's made of resin, and integrally nol ded
Wit h sgeepraingrroedilneicopprisingr or ecess pattern. MASTER MEDI UM FOR MAGNETI C

M CRORECESS PATTERY RS THRCH e O sty 4 Hoese Kl Witk Mieler e

magnet hricrioredsfsgratiein beligiforabl @n 4 sudac@entiel substeed dhd gepredbnting 348
master, mediumincludes a resin substrate which is integrally nolded with

a ni cr BYIMaors@ndi cr or ecess pattern being formed on a surface of the

substrate a i I : L3, %ﬂ il ayer formed on
the m crorglqpé gﬁ%?%‘i@%@%@?sn %ﬂ%%%é@g{wg%ﬁ? [géﬂés:rﬂbst rate and the
mcrorelief or mcrorecess pattern are
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.



formed by injection nolding using an original plate having a mcrorecess
or mcrorelief pattern, or the 2P nethod using the original plate and an
ultraviolet-curing resin. Fig. 4

34 10 March 2004

6. A process for magnetically transferring information from a master medium to a
magnetic recording medium, comprising the steps of:

(a) performing an initial direct-current magnetization of said magnetic
recording medium in a first direction;

(b}  placing said master medium and said magnetic recording medium so that
the magnetic recording medium is in contact with a magnetic layer formed on a
microrelief or microrecess pattern of the master medium; and

(c) applying to said master medium a magnetic field in 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.





