4 August 2004 MASTER MEDI UM FOR MAGNETI C TRANSFER | NCLUDI NG METAL DI SK W TH
RELI EF OR RECESS PATTERN BACKGROUND OF THE | NVENTI ON Fi el 4 Avfustia904

I nvention The present invention relates to a master nmedi um which bears
information, and is used in a process of magnetically transferring the

I nformatio t ter_ nediumto a_slave nedium Description of the
Rel at ed Ar m%@@tﬁ?wﬁi%m?N%W?n?BﬁﬁﬁF E8n IHRLERING MEQIAL QL 9% WHBH
handl ed and stored is increasing. Therefore, there are demands for an

i nexpensi ve magnetic recordi n§ FuRRMREIE SR FARIERE a | arge anpunt 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 exanple of such a magnetic recording nedium
The so-call ed tracking servoPRetPRPEHR PF aJEEaANVENBSPNant role in
realizing a high-density flexible disk having great capacity. Due to the
tracki ng servo techni que, a e v Oprecisely within a
narrow track width, and a signal can be regenerated with a high S/N ratio.
A so- called prefbfnBE SEREtudiTHET ¥Rk H§LaErP0 t8i ghalhestaddmesdium which
information signals, regeneration clock signals, and the like is recorded
on the traléﬁaﬁg iR oFmat o s #hd o LFarikeed t hat & herecgspugfstmag@gtically

transferring the information from the master medium to a slave
medium. -

Degeription of the Related Art

Recently, the amount 6f information which is required to
be handled and stored is increasing. Thgrefore, 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 track width,
and a signal can be regenerated with a high 8/N ratio. A so-
called preformat including  tracking servo signals, addfess
information signals, regeneration clock signals, and the 1like

is recorded on the track of the disk in such a manner that the



signals constituting the preformat appear at predetermned intervals
during each rotation of the disk. The magnetic head is arf&vwgest 2084t hat

t he magnetic head can nove precisely on the track by reading the signals
in the preformat and - correcting its own position. Conventionally, the

pr ef or mat Ei &ggduced b)é.geﬁordingté the signals on each disk on _a )

tr ack- by-t Faék®psi §°By “0u5PhgPE i BT ERE Vo FRRGY i G aBpsrfstgsmined
However, it_takes.a %pn time to record the preformat by using the servo
recor di ng lﬁ%ﬁ§?§95$.“ﬁiﬂ%ﬁ%ﬁ%ﬁ YPEather Bf tthe plistor nhlte rBROREEAG hesrdrs

a considerable pro on%ion of the total manyfacturing cost, and thus
reduction of t ﬁﬁ%ﬁ rfidt tPebortdihighegietis heafli fen. move Heretheelhamn
Japanese Ugﬁxanined Patent Publications Nos. 63 (1988)-183623, 10
(1998) - 40544° ahdafd PYood)1 988966 thesclvEakehnifuekher peebpamag aand
pr ef or mat Eé na%netic transfer, instead of recording signals constituting
t he. prefor FBEXEAERE tE8cR¥By PEEAHE 9Basi s. However, the above patent
publications do not substantially disclose concrete procedures. in
particul ar, cond-PPBRELHPREREY madifed i BreferBat i chradacappithedragprddng

magnetic transfer and constructions of apparatuses for generating the
magnet i ¢ f FBPdEIEPEIS0C" Bt gtk ¥Br 2exarsike Py trpeE &%83 -bB3egdngna

JUPP10 (19 86; 40544 di scl ose net hods of recording nmagnetization patterns
cor r espondfi§* FBEPHT SEARE FPATGHAIS WPAT HEghet HEVeEesr dilitg rkesaugudeng

2004 time to record the preformat by using the servo recording
apparatus. Therefore, the cost of the preformat recording
forms a considerable proportion of the total manufacturing
cost, and thus reduction of the preformat recording cost is
required.

On the other hand, Japanese Unexamined Patent
Publications Nos. 63 (19885-183623, 10 {1998)-40544, and 10
(1998) -269566 disclose techniques of recording a preformat by
magnetic transfer, instead of recording signals constituting
the preformat on the track-by-track basis. However, the above
patent publications do not substantially disclose concrete
procedures. In particular, conditions of the magnetic fields
ﬁhich are applied during magnetic transfer and constructions
of apparatuses for generating the magnetic fields are not
disclosed.

For example, JUPP63 (1988)-183623 and JUPP10 (19985—
40544 disclose methods of recording magnetization patterns

corresponding to information signals on a magnetic recording



medium (as a slave nmediun) . In the disclosed nethods, a master nediumis
prepared for magnetic transfer. The master nmediumis prodédde@uh2006r mi ng
relieved portions having shapes corresponding to the information signals
on a surface of a substrate, and further formng a thin magnetic film at

| east on thgékelieved portions of the substrate. The slave nmedium has the

form of a ZTR&Torladi & S iMRIUHYs &1 hibe $iefdpagfAelpshpdsm ¢ master
magneti c- powder I gyer. The magnetic transfer is achieved by placing the
sl ave medi BROLHMC G @ SPGHeLC I oA gt Hagkeanrefer | nThe nhe teas med imsdi s
and applying an AC or DC bias nagnetic field to the master nedium so as
to excite PREOIEGAeti BYmat EPFRENGt hi HeRilENFYf or REEtdRD st he hesliinaved shapes
portions of the master nmedium Thus, the nmagnetization patterns
cor r espondFRFTESPOEREING | BYedbsorinbpsmabionhe igmaler padi aimsard aceconfeda
on the slave medium Since, according to the above nethods of recording
nmagnet i zat PYRSHELLE NS Faghleer c foradopers thinr spigoedd c pbilmonas dfeddre
master medium are placed in close contact with the slave nmedi umwhich is
to be pref 8Pndti®edrehheveie Peggriamsc ofmitdis sdulostréreer elThey etll poet imensiam e
concurrent]y excited so as to record the predeterm ned patterns on the
sl ave nedi BAs the paerdrnefcan behsesti eal | fipkeor d8d odncAmdsisave nediim
wi t hout changing the relative positions of the master nedium and the slave
nedi um Th&&rTPREIBLELST bt 1l aRThed pRagnsdliy - poaigiedayand tTee t maynedeided
for the preformatting is very short. 3 4 August 2004
transfer is achieved by placing the slave medium in close
contact with the magnetic film of the master medium, and
applying an AC or DC bias 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 mastér medium are recorded on the slave medium.

Since, according to the above methods of recording
magnetization patterns by madgnetic 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 nethods of recording mnagnetization patterns by
magnetic transfer are used for recording servo signals on4&ugusfrdOitc
recording medium (as a slave nmediun), it is necessary to precisely form
servo patterns at respectively appropriate positions on the entire area

of a magnetic regqrding nedi um where the servo patterns each have a size
of the order of g%‘é:e%egr‘onef%ﬁnor IS, RROVexanPPEhodfe 306- i nagcardiing

2.5-inch gnet itc rq_‘;;lordi ng nedi uns, have dianeters of 3.5 and 2.5 inches,
respecti vel V2 A YHE  PENGTFE t &¥ns "RETSEAS varpsi@rc apE sad dsesk ef of
information_ itens, the respective servo patterns nust be different.

M cropat t eF RS CAS I RENtTBNEY 2bBVRLEaRhe rBRORBBAC by ecRa dipigt eritiphy (as a
t echni ques mgi ch ar %ﬁconvent,i onal ly used in manufacturing sem conductor
devi ces or *nadfiet FENEIds. Adweist | D9IPIFRLY | t hogrephgisetyni oem, @ervo
original inmage is reduced in order to increase accuracy. Therefore, the
area whi chpegﬁeﬁé‘s poEeIP BT LUBHY o BRFART it PesitiPred omo wbeuen iome
square. Wen a |arge-size pattern is recorded by repeating the exposure
of the 2 cfS8uffe® IS fe- SPSRTPARY ePRIiNEY udR STt e regrod Ddemeiroes
patterns. Tha%l Ls, it is difficult to formthe servo patterns on a
magneti c r&8H d#’ﬁdem?di%ﬂﬁ%yojfu&hﬁg Qe R ol eONPt REGrOPIRE ere chini bges - siftoe
the servo patterns are respectively different. In addition, in the nethods
of recordi A§eHBgfet itglﬁt idorr - iRk e"i"iﬁé By >magRét imagnedrist erecordimmsmediums

mediumis }?I aced.in .close contact wwth the slave nmediumduring the
magnetic 4 ava,gdoepesgsgs of 3.5 and 2.5 inches, 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 technigues which are conventionally wused in
manufacturing semiconductor devices or magnetic heads. However,
in the lithography techniques, an original image is reduced in
order to increase accuracy. Therefore, the area which can be
exposed by each exposure shot is limited to about 2 cm sguare.
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 1lithography 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

Cclose contact with the slave medium during the magnetic



transfer operation. Therefore, when the magnetic transfer operation is
performed a nunber of times, the relieved patterns representing

i nformati on wear down, and therefore the accuracy of the nagnetic transfer
decreases. Further, when dust exists between the master nedium and the

sl ave medium the dust may scratch the surfaces of the relieved portions
of the master nedium In these cases, the nmaster nedi um nusts hequsemoaxed.
Therefore, it is desirable that the nmaster nediumis easy to produce, and
i nexpensi ve. tkonefmr , dgeeraprioduct Thareforddie wiest ethaedinagndlyi ¢ epatansifer of
the mcropattern exposure requires conplicated quality control operations,
and is disadpangagesusisn rarddnead va shabbkict yoind ipresductthen cedteved
SUMVARY COF THE | NVENTI ON An object of the present invention is to provide a
mast er medi uRPEERITFS e SRTOFRGACRY c IRFAARFEON Widgh 4™/ | riéxhersnedosnd thasy
to produce. ing to the first aspect of the present |nvention,

1) Accord
there is pro%F%ﬁ‘éﬂa%y me<t erPSeBRARFELF (@ nSH e rmedfifets S -an8r BN GF/ f when
i nf tion and._a soft nmagnetic terial for.ned o e first relie
| Boose patt cinel: S 200ce TRANELLCCHB! it Al AR 00 HAE AR gl %her oo
relief or re t entj he. d P T : .Sk, s
proi:luced by&gi%org?ﬁgggg%%fg?ge;%%1!%%@%1 ?Oofr %}% gg;éléL Qrgsjerﬂ%irg%nf}l\%t%!EaIE Sser

or electron hearemoibated Wi h dhagel NELQLLAL | @R WA S d10t AbEREN thEPage
di sk, devel oping the photoresist filmso as to forman original disk

havi ng a seceasld®ld.efrefrerecessipatt endsirdapositdnaHetmlster thkaioni gisnal
disk so as to nold the netal 5
easy to produce, and inexpensive. However, the production of the
master medium by repetition of the micropattern exposure
requires complicated quality <control operations, and 1is
disadvantageous in qualitative stability and production cost.
SUMMARY OF THE INVENTION
An object of the present invention is to provide a
master medium for wuse in magnetic transfer, which is
inexpensive and easy to produce.

(1) According to the first aspect of the present
invention, there 1is provided a master medium for use in
magnetic transfer of information and a soft magnetic material
formed on the first relief or recess pattern. The master medium
comprises a metal disk which has a first relief or recess
pattern representing the information. The metal disk is produced
by exposing a photoresist film formed on a base disk with a laser
or electron beam modulated with the information while rotating
the base disk, developing the photoresist film so as to form an
original disk having a second relief or recess pattern,

depositing metal on the original disk so as to mold the metal



4 August 2004 disk on the original disk, and renoving the netal disk from
the original disk. The naster nedium according to the first aspect of the
present invention nay al so have one or any possible conbination of the
followi ng additional features (i) to (x). (i) The original disk may be
formed by etching the base disk after the photoresist filmis devel oped.
(ii) The base disk may be made of glass or quartz. (iii) Thes ardggismabodisk
may be nmade of a material containing Ni as a nmain conponent. (ivV)
Preferably, thekfiasttheloeigioralr etesls, @adt eemohinsg athei ghtadr ddept frokn 80
to 800 nm Mre preferably, the height or depth of the first relief or
recess pattert#e erigimeltdis$00 nm (v) The master medi um having the feature

(v) may further conprise a nonmagnetic |ayer fornmed between the soft
magneti c | ayer andi®hePRFei PefiEt arcotays tat tee nfirst) apReehechndther

medi um havi ng the feature (v), preferapbly, the soft nmagnetic |ayer has a
t hi ckness of%§§SF8t SGﬁﬁﬁﬂtﬁﬁﬂea%ﬁ%fé$€%¥y,h?%% tHPEkneEs dRYt phROEBEPLe

et be o SBhel ) bR 00 ATyl i ST) OF JEAlIY TRYL S T e

. O .
conprise a I anond-I11Ke carpbon pro Iron layer as an up St ﬁ)ayer.

o 20y, e Ll et o gseyy O DRLLSHS
base disk after the photoresist film is developed.

{ii) The base disk may be made of glass or quartz.

(1ii) The original disk may be made of a material
containing Ni as a main component.

{iv) Prefefably, the first relief or recess
pattern has a height or depth of 80 to 800 nm. More preferably,
the height or depth of the first relief or recess pattern is
150 to 600 nm.

{v) The master medium having the feature (v) may
further comprise a nonmagnetic layer formed between the soft
magnetic layer and the first relief or recess pattern.

(vi) In the master medium having the feature (v},
preferably, the soft magnetic layer has a thickness of 50 to
500 nm. More preferably, the thickness of the soft magnetic
layer is 150 to 400 nm.

(vii} The master medium may further comprise a

diamond-like carbon protection layer as an uppermost layer.

(viii) Preferably, the first relief or recess



the size of the first relief or recess patternis in the range of 0.3 to
20 microneters in the radial direction, and in the range #fAugust 20845
mcroneters in the circunferential direction., |In particular, when the
first relief or recess pattern represents a servo signal, it is preferable

h he f] l.i ef .pattern.,is! elongated in a radi al
o Fect ton bR £l oS FERE AR A1 IRREGED b ke
esorcance AEERTaRC S TS, HAR0%, el (P Ble Y R PSTACI Mot B rencre
Accor i ng 6 0ne S oF ELFReRebp Rl ah it A 81 al ofireR L ior A BravRRd
di f ' tic transfer_ of jnformation, The naster
redi um ConpFPa8sO2a gt 5P G DR GRATST e B (11S(C 1 ETIRE SEPnT bedodipactaman

representi the_information, The netal_.disk i's produced by exposing a
phgtoresis?gfiPﬁFFéfﬁéarOn YhEhse thesk Tkt a TSt T ol BEERBA bé&%terﬂ

nodul ated with the_information while rotating the base disk, devel oping

the phot or BEPEESPRERM b SEVE YR f AEstior P@fieﬁélcra@ilﬁ Hh@Fnd:llkﬁdjséﬁ'é”ﬁct
' ,d iting metal on the first original disk so

s to ol oFBRCSENE (TSR | BRNEF TRl 36 SRS HY) Al ndiragtacn.
ird 2| | ef tt . ' the second original dis rom

e 175t BRoES) Chedk Sebbs! FRG A U Phes SEEBR T 4 SATLR Z00H I

i gi j i n the second
original digk 58,93 [QngRLY the metal disk o

(x) The deposition of metal may be performed in
accordance with omne of +wvarious film formation methods
including electroless plating, electroforming, sputtering, and
ion plating.

(2) According to the second aspect of the present
invention, there is provided a master medium for use in
magnetic transfer of information. The master medium comprises
a metal disk which has a first relief or recess pattern
representing the information. The metal disk is produced by
exposing a photoresist film formed on a base disk with a laser
or electron beam modulated with the information while rotating
the base disk, developing the photoresist film so as to form a
first original disk having a second relief or recess pattern,
depositing metal on the first original disk so as to mold on
the first original disk a second original disk having a third
relief or recess pattern, removing the second original disk

from the first original disk, depositing metal on the second



original disk; and, removing the nmetal disk fromthe second original disk.
The master nedi um according to the second aspect of the p#é&gn*_&tﬁ&@vﬂentlon
may al so have one or any possible conbination of the aforenentioned _
addi tional features (ii) to (x) and the follow ng additional features (xi)
etching the base

and (xii). (Xl he. figfst original di be forped . b t
di sk( af t Zar of&élzﬁﬁgt og%agii;stsc? i an j '&° d&?zllléoggg? &5 hﬁ’r? e®Bnd-1H7 | &:eri?ni
di sk may be_fornmed by, pressi a resin solution on the first origina i sk,
C:J?i ng yt hgrr:L %Fﬁqso#/i%’ona§§9a§et“ﬁwﬁd}% Fﬁ@ SEEGrid & Fi haPTdi Bke off ecomd
first original .disk,. nstead of depositing nmetal on the first original
di sk. (3) %&SFBFFQ‘IngEthe third aspect of the present invention, there is
provi ded a master, nediumfor use in magnetic transfer of information. The
mast er medi um cohPPi FBSTCE MAHUHi RRCWTLRI hES &Pei Seicand iagpert refesdie
pattern representing the information. The petal disk is produced by
exposi ng a* ﬁSFBEesi Ve % IRY or BRY ovr:"‘;h]asl‘basgflaf.sk %TE a? asBé"glf EPOéBééﬂr&)n
b nodul ated.with the Jinformation ile rotating, e base disk, _
dES‘Z} opi ngcf’ﬂglﬁﬁB%BPeafstthf% I"i"ﬁ%’c')e‘%nFboFﬁiimaé"dlgilPéltalorﬁQj!wefdi ék}ha\th
second relief qr reces attern, degpositing netal on the first origina
gi sk so as?ﬂ) ﬁﬁgdtgﬁ %Pﬁlégf”ingt aépild:ilﬁéﬁaldi%‘a“%eécoﬁﬁ”orﬁfgzn&}m skI e
having a third relief or recess pattern, ,renoving the second origina S
8 4 Aggust 2004 from t &L} i e ofilgistal OHFQRF_a&epgéﬂ‘i mpyetd éermed by

second .etching the base disk after the photoresist film is developed.
(xii) The second original disk may be formed by
pressing a resin solution on the first original disk, curing
the resin solution so as to mold the second original disk on
the first original disk, instead of depositing metal on the
first original disk.

(3) According to the third aspect of the pPresent
invention, there is provided a master medium for use in
magnetic transfer of information. The master medium comprises
a metal disk which has a first relief or recess pattern
representing the information. The metal disk is produced by
exposing a photoresist film formed on a base disk with a laser
or electron beam modulated with the information while rotating
the base disk, developing the photoresist film so as to form a
first original disk having a second relief or recess pattern,
depositing metal on the first original disk so as to mold on
the first original disk a second original disk having a third

relief or recess pattern, removing the second original disk



original disk so as to nold on the second original disk a third origina

di sk having a fourth relief or recess pattern, renoving tHAugbsr200dri gi nal

di sk fromthe second original disk, depositing netal on the third original

disk so as to nmold the netal disk on the third original disk, and renoving
The, mast er nedi um accor di ng

t he net al sk . fromthe third.original disk.

to the thiFgoisﬁ&ﬁ o The®” b b43 tdﬁﬁ&émékﬁP%%51%$sBeﬁ§9e‘%het%? g/yond
possi bl e conbLnaﬁio . of the aforenentjoned additi onal features &ii to
(xii) and Pha9#BF ovan afifli t3%n&P f“é%]t‘ﬁr an(xti¢) secand ) orhgipplr fisk a
original disk be .f orned ressing_a resin solution on the second

ori gi nal d@&,‘"gg\éﬁﬁdnaﬁﬁlﬁg ihr?PVs’d}%t? ohC¥Bths red 18dl P hECE RS F dPBE LGl
di sk on the second grig'nal di sk, instead of depositing netal on the
second ori PR3V BEskRe( *l?ﬂeoﬁ&QﬁQPQCQﬁ%%uﬁ%ﬂmi%ﬁ%c%ﬁ%@%@ pyiginelngdisk,
slave nmediumin contact with the first_ relief or recess pattern of each
mast er medfGRPSIEARIaPSEEnG e Sy idt 1% f PBI G RB Lt Aé Skmist &S nekli Wi flothe
transferrin tTe Ln&ornation represent ed bY the first relief or recess
pattern tomgﬁ% sPAFE REdithR Y x@hpirali fipk. padde rmaney inmt thhenetal
magnetic transfer is pade ,through,the foll ow ng process by using a
magnetic r %Bgd?ﬁam he8i Ghirdsorigfingd Add*um and a master mediumin which
the netal disk is made of a ferromagnetic material, or the first relief
or recess patter§sPEEEEEd MG RECRFEIRAgHEt ith® Bhian§uesPEot4 ¢hyshe

The process conBrises t he steps of: (a) performng an
present invention may also have one or any possgible

combination of the aforementioned additional features (ii) to
{xii) and the following additional feature (xiii).

{(xiii) The third ofiginal disk may be formed by
pressing a resin solution on the second original disk, curing
the resin solution so as to mold the third original disk on
the second original disk, instead of depositing metal on the
second original disk.

(4) The magnetic transfer is achieved by placing a slave
medium in contact with the first relief or recess pattern of
each master medium,. and applying a magnetic field to the
master medium for transferring the information represented by
the first relief or recess pattern to the slave medium. For
example, it is preferable that the magnetic transfer is made
through the following process by using a magnetic recording
nmedium (as a slave medium) and a master medium in which the
metal disk is made of a ferromagnetic material, or the first

relief or recess pattern 1is coated with the soft magnetic



initial direct-current nmagnetization of the nmagnetic recording nediumin a
first direction (e.g., along a track of the magnetic recofdiugystasditun) ;

(b) placing the naster nediumand the magnetic recordi ng nedi um so that

t he magnetic recording nedium i s in contact with the first relief or

recess pat er net c..mterial or th sof t netic
| ayer 1I‘Oortf;Lnegl Wﬁlﬂ.g f%’ ?g?él i e Sreesl:ets}é pa ‘IFQF’n nﬁgFgfa’%mr’rE@
d a n e, rraster d um in a second
SPI‘ e((:tcl) onpg%ébto%lrm ey oﬁﬁlorsr‘?tlgtl%aqmee Jf?%sion d‘?% ed‘?oﬂagﬁéﬁér‘:dlr@é?rcﬁlng

whet her the flrst telief or recgis %gttern of the netal disk is _a true
copy or a P&F&FTe t8py® off 1HRE eIE P8 | df-8r r eBE88Ipatt FFEFHr RE drhe

t he aforenentloned hoto £esi st | grdl ess of whether the
pattern fBFIBELSST ¢ ’eﬂg dr'e a t‘gPi gi-a %ﬁc‘i@l tiRRe) Rt eEr Aegiug and
recess (negative tIern t he, attern fornmed_on the magnetic, recording
nedi um i(s Snéﬁgfg TN Fﬁ‘e“”s‘ghggmﬁg‘?d\m&h Fhet gﬁFré@ﬁ aRetife Hofodking

magneti zation.of t.he magneti rego di um and ;t he magnetic field
ngls r‘fé’gnfre}lg‘? CE{FShsFEl iate QrvEPEERS Dattern

appl i ed t o™FR& Mast®e mrrﬁaf‘ﬁf’h Ford

accor di ngl The medi uns_according to the first to third aspects of
t he preseni{I dﬁvé)ﬁtl a‘F% TRORINE Hhe mﬁjégﬁFaajl 8F the Frhasmagretisr lgver
recess pat%ern repres n |nforrTE nals to be nagnetically
transferr ed®*Fhs, o} sﬁe‘PSt nefid L%’éd PRefREgiRA ¥ aRdf efhof maREer
inforrnattiorrI\1 g naI 4 Au s_Lt 2004 (Sl.i_fjh as servo sjignals) to a magnetic
r ecor di ng MESL G W\Cgﬁ ying to e master medidm a magnetic Tield

in a second direction approximately opposite to the first
direction.

Regardless of whether the first relief or recess pattern
of the metal disk is a true copy or a reverse copy of the
second relief or recess pattern formed on the aforementioned
photoresist £film, i.e., regardless of whether the pattern
formed on the metal disk is a relief (positive) pattern or a
recess (negative) pattern, the pattern formed on the magnetic
recording medium is magnetized in the same way when the
directions of the initial magnetization of the magnetic
recording medium and the magnetic field applied to the master
medium.for magnetic transfer are inverted accordingly.

The master mediums according to the first to third
aspects of the present invention are made with a metal disk
which has a relief or recess pattern representing information
signals to be magnetically transferred. Thus, the master

mediums used in magnetic transfer of the information signals

10



produced at |low cost with a desired accuracy. In particular, a great
nunber of identical netal disks can be produced by netal d#dé&pgesttZod4 usi ng
one original plate. Therefore, the qualitative stability of the magnetic
transfer can be nmaintained by tinely replacing the master nediumin
response [o increase in the n ng of the %netlc transfer operations. In
addition, tHe&° ﬂa§§eﬁeﬁ§8|ﬁﬁ§35;§rwﬁ?mftﬁagﬁg £Pr SECOrGIng e cgdnofpe
t he present venti o s advantageous in their hardness, formability, and
weat her ré%?%@%ﬁ% ﬁg LofhﬁosﬁeﬁgF dPs 5t 9t AR He RISt hadtass &
mat eri al contalnlng Ni as mai,n conponent_ Further, when the netal disk is
made of a PeEaFidym %Bn?glﬁﬁﬁﬁtNFaésmétﬁélﬁ%ﬁ%ﬁuﬁﬁﬁu e (o digpdt by metal
transfer i gosslble wi t hout additional provision, since Nl is a
ferromagne FROSHEI R i alUs Heverne| ¢t B preREr abP k2 8- pr oVheweforseft the
nagnetlc | ayer, even when the netal disk is made of a material containing
si nce qgé?%?%ﬁ%Y%r éﬁépé&ﬂéﬁ’st?%s khe  MASMRMEEr bytrpesesvi Hanh obe
the soft magpetic | ayer. i s nDre preferable that a nonmagnetic layer is
provi ded HRRREEHRSR Bt aﬂlﬂtﬁls}k BPRleaingofthendihet ¢ Magdépm irorgespense
elimnate the influence of the magneti smof the netal disk. Wen the netal
di sk is et HrCeddhnkynkhe covmberi af, thehpagaetign dramsE am e ndt ons .
realizes desirable transfer characteristics is indispensable. Further,
when a di anond- kaea€3+ﬁbﬂnpr&h&nm%ﬁt¢ﬁy@ﬁdﬁ§mflaFQQEﬂBﬁ92994tﬁﬁbvfdéétas

an uppernDst Ia¥ of the master nmedium the
rd aspects of the present invention is advantageous in

their hardness, formability, and weather resistance when the
metal disk in the master medium is made of a material
containing Ni as a main component;

Further, when the metal disk is made of a material
containing Ni as a main component, the magnetic transfer is
possible without additional provision, since Ni is a
ferromagnetic material. However, it is preferable to provide a
soft magnetic layer even when the metal disk is made of a
material containing Ni, since the transfer characteristics.are
improved by the provision of the soft magnetic laver. It is
more preferable that a nonmagnetic layer is provided between
the metal disk and the soft magnetic laver in order to
eliminate thé influence of the magnetism of the metal disk.

When the metal disk is made of a nonmagnetic material,
the soft magnetic layer which realizes desirable transfer
characteristics is indispensable.

Further, when a diamond-like carbon protection layer is
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contact durability is increased, so that a great nunber of nagnetic
transfer operations can be performed by using one master fé¢igush2004

DESCRI PTI ON OF THE DRAWNGS Figs. |Ato 1C are cross-sectional views of the
first to third stages in a process of magnetically transferring

i nf or mat i op,. g(rggga Eggt earjj _n% | térpm%sstanlggila%gg \rlllt%.%‘ O}mré%tr%ese nvertlélggn

to a sl ave rredl um Cr 0SS-sé um

anot her e t resent inventio s. . 3A to 3D are

cross- secglygﬁg 3. eé\ijlsr 1? téf)r ésc‘erl’trbcfjf‘?/aes%‘?agég RBats @ sgrprbcdugnbgr of -
pr oduci ng 2, ne a nmaster .medium Figs. 4A to 4F are

Cross-sect oﬂaf‘%@l e\%kr%l?sg‘?%plpé’fé"ﬁtt&tm\?e g?’ég&ée i REZTOEREAY BY o $f one
produci ng a_netal sk of a master nedium Figs. 5A to 5H are

Cross- sectl%ggFrvfng “8f representative stages in a third process of
roducing a netal disk of ter to 6F are

(F:)r oss-sectional views of m@%ﬁ’?ﬁ?]&e‘)gtgﬁgsnﬁﬁwéNﬁﬁurt h process of

duci taL, dis er nedium Figs. 7Ato 7H are
P osas soot fonal Highe 5r toaiPasen! sreve Seqiionat AYeud (phr teesEizet to

i m 12 4 August 2004 Figs. 8A to 8J
g;gdgfggg g%%féongﬁgbfgwgnﬁ$ q?stgéoggdlu magné{lcally trgnsferrlng

information from a master medium as an embodiment of the
prresent invention to a slave medium.

Fig. 2 'is a cross-sectional view of a master medium asg
another embodiment of the present invention.

Figs. 3a to 3D are ¢ross-sectional views of
representative stages in a first process of producing a metal
disk of a master medium.

Figs. 42 to 4F are cross-sectional views of
representative stages in a second process of producing a metal
disk of a master medium.

Figs. 5a to 5H are crogs-sectional views of
representative stages in a third process of producing a metal
disk of a master medium.

Figs. 6A to 6F are cross-sectional‘ views of
representative stages in a fourth process of producing.a metal
disk of a master medium.

Figs. 74 to TH are cross-sectional views of
representative stages in a fifth process of producing a metal

disk of a master medium.
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representative stages in a sixth process of producing a netal disk of a
mast er medi um DESCRI PTI ON OF PREFERRED EMBCODI MENTS Enbodi #enigssicfoOghe
present invention are explained in detail belowwth reference to
drawi ngs. Magnetic Transfer Process Figs. 1A to 1C are cross-secti onal
views of the firgt to thjrd stages_in a process of magnetically,
transferring 'h?%?%atio froma Hﬁ%teraﬁédiu%?%%saﬁe%%%BHPﬁentvbﬁwﬁhe of
present invention Fo a slave nedium The outline of the magnetic transfer
process ist@RYCFONFBIAVEFFFaFesadT 17 Bt¥ R eBYPREEEgOTIRTIGNGiNg a metal
magneti zat | pn % I rect-current demagneti zation) is perfornmed on a slave
medi um 2 b EPp giﬁgm?ﬁt?ﬁemgpévg-nediun12 an initial static magnetic
field Hnin a direction_along a track of the slave nmedium 2. Thereafter,
as illustrated in, Fig.Dﬁﬁ?RFgEIQWa9§ PREFERRED SMPPTHENTY nedium 3 are
pl aced so that the nagnetic transfer surface of the slave nedium2 is in
cl ose contact VERPCHIRER it iOn- Bear iINFESQNT adB¥eBrirRe 3ESt éxpIEdingd 3in
where the |[nformation-bearing surfaces are surfaces of a soft magnetic

|l ayer 32 fORTRHL Jheteri Byl pofersrseofoadrpyi®gsi-i ef or microrecess
pattern (elongated in the radial directions, 1i.e., in the directions of
the wdths of the track) of a netal 13 4 August 2004 disk 31. Then, a
transfer magnetic field (i.e., magnetic field for nmagnetic transfer) Hdu
is applied to the soft rragmanqgnetlc 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 as an embodiment of the
present invention to a slave medium.

The outline of the magnetie 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 soft
magnetic layer 32 formed on relieved portions of a microrelief
or microrecess pattern (elongated in the radial directions,

i.e., in the directions of the widths of the track) of a metal

13



| ayer 32 in the direction opposite to the direction of the initial static
magnetic field Hin along the direction of the track of théAasts208ddi um 2.
As a result, as illustrated in Fig. 1C, a pattern forned with the relieved
portions of the nmaster medium 3 and spaces above the recessed portions of

the master,nedium 3.is magnetically transferred t he magnetic. . transfer
surf ace (tﬁ%hgg)hgf &H&ny &v&rﬁﬁﬁiaf&rﬁlf‘,agé‘ﬁcf’a? tf”za%iorf"?b%??&ﬁﬁ feeld
recorded ip the slave medium 2. Details of the process of magnetic .
transfer af%refﬁQQ?ﬁ&E FBPnséfiﬁpl ﬁliﬁSJiﬁﬁﬂﬁégLﬂé&aﬁPﬁe&‘ efiggnetic
PuincatioE No. 11 %193%é%117800.,Even when the mcrorelief or mcrorecess
pattern of LRRBT ki Alts r A EEFEIQD p QPRSI GevEP st EhESRTEPEr Pf efthr
m crorecess pattern of Fig. 1B, the_same magnetjzation pattern as that of
Fig. 1C caﬁngélﬁéalsitféd%y“qgﬁ%ﬂ? ngiehe it tBe He9qfikaml ot &the
magnetic field Hin and the transfer magnetic field Hdu. Construction of
Mast er MedFERFHNET tHe® nBtaredmadise i - ndde fofr sk r omgrictiestyatedi din
such as N the _nmagnetic transfer can be made without the soft nagnetic
layer 32, Bh8-tH&refdr BathETEofiOmRAshe¥i ED [taFert eblewed he ogitd s colf witdte
However, when the soft mnmagnetic layer 32 is ﬁéovided, t he performance of
t he magnetPRStEFafeferm 3 iafft RRACCINRACY RethBt ZecisseB Postipre of Sl

4 August 2004 nonmagnetic_material, the soft magnetic layer 32 is
indispensdﬁ?%?er medium 3 is magnetically transferred to the magnetic

transfer surface (track) of the slave medium 2, and a
magnetization pattern is recorded in the slave medium 2.
Details of the process of magnetic transfer are explained, for
example, in Japanese Unexamined Patent Publication No. 11
(1999)-117800. |

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

Construction of Master Medium

When the metal disk 31 is made of a ferromagnetic
material such as Ni, the magnetic transfer can be made without
the soft magnetic layer 32, and therefore the soft magnetic
layer 32 can bhe dispensed with. However, when the soft
magnetic layer 32 is provided, the performance of the magnetic

transfer is improved. When the metal disk 31 ié made of a

14



When the netal disk 31 made of a ferromagnetic material 1is coated with a
soft magnetic |ayer 32, preferably, a nonmagnetic |ayer 33 Augugtra®duded
between the netal disk 31 and the soft nagnetic |ayer 32 so that the

i nfl uence of the magnetismof the netal disk 31 is elimnated. Fig. 2 is
cross-sectional view of satghr.aa mast er, rredisg ThmaagL S iin thae ermaségr .
medi um 3' ?ﬁn$?%?e o n& ST %ﬁsk haV|g§ a rﬁ%?%r%lie B1° mi Cfor eddss
pattern is.c%ated Wi E a nonmagnetic |layer 33, a soft nagnetic |layer 32 is
formed on *% ésﬂﬁﬂﬁﬁé 8tic layer 33, and a dianond-1ike carbon (DLC)
protection layer _34 is fornmed._as ,he upperpost .| ayer of the master nedi um
B o the sort s ool BRERL33 g ORI Of: 6y A gi Dy a teT Lol
protection, |l ayer 34, the contact _durability is_increased, so fhat gr eat
Punber of HBgHEPREed  rahE ar? 0P LE | GHESRERIBe BEFFHr mot byPLSTRGIBAYT =
master mnmedium It s also preferable that rotection |aye 41s

provi ded a2°PHRIBPper mbi¥YeFayar 18 Ptrﬁ’é'lgﬁét g’iﬁptr’ﬁ?cﬁ%rﬁ*? i ]5.‘%1%]8.3%3“‘1
addition, it is possible to forma Si _film unqﬁé tfuaﬁ DLC protection |ayer
34 by sputtRfi P MEUSTHRuCERSTTPr déesEOof PNEE al™ G sKPAMIERGE pPoceSE Sof
producing a netal disk of a master _nediumfqQr use, in magnetic trapsfer is
expl ai ned BRYBGFIWFPh OF et eMEFalo éﬁﬁg. B 15 B I re F1g. 2 15 a
cross-sectional views of representative stages in the fiéﬁ&ggrpcess. 15 4
August 200%F EFFsBSCEIONRE LYEFYL &F iSPE ¢ BAS 8T pRE6LIPBsi| Ifii oh® Foe

applied to a smooth surface of a disk 1 de of glass. or
PP master medium 3' of Fig. 8,(nghe metal disk 31 having a

microrelief or microrecess pattern is coated with a-
nonmagnetic laver 33, a soft magnetic laver 32 is formed on
the nonmagnetic laver 33, and a diamond-like carbon - (DLC)

protection layer 34 is formed as the uppermost layver of the

master medium 3° 6n the soft magnetic layer 32. Due to the

provision of the DLC protection layer 34, the contact

durability is increased, so that a great number of magnetic

transfer operations can be performed by using one master
medium. It is also preferable that a protection layer 34 is

provided as the uppermost layer of the master medium 3 in Fig.

1B. In addition, it is possible to form a Si film under the

DLC protection layer 34 by sputtering.

First Production Process of Metal Disk

A first process of producing a metal disk of a master
medium for use in magnetic transfer is explained below with
reference to Figs. 3A to 3D, which are crogs-sectional views

of representative stages in the first process.
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gquartz) by spin coating or the like so as to forma photoresist film11.
VWhile rotating the disk 10 coated with the photoresist fiBrugilst 2004
photoresist film1l is irradiated wth |laser light (or an el ectron bean) L
which is nodulated with servo signals, so that portions of the entire
surface of the photoresist film11l, corresponding to predeternined

preformat pattergys i ¢l rg plr &P&té&e ﬁeg.\igom sgnal s, hgart__eoe%ex %fsg%:l%iﬁﬁ%on

nodul at ed | aser I | ght or an ectron beam exd)

pattern is ¢ ef Li | cated at .a 0|t|on corresponding to
each frarre ra ex%e%@?ﬁgﬁaggggg%eac i'dtal" a%f‘( sk i ﬂ@sé}ﬁ 2 sBrvo
si gnal . ter oV ortions_of toreS| st whi ch are
exposed to aser |%ﬁp a?%tlr%%v%’a b)t/ 8ev I nerf®.  Afus,tC anf@FM gi Ral

obt ai ned 12 *%4%5%‘%%25?‘9" g, "%f%e%pt r%Lseiﬁﬁéaéé”if?ai@Z%)saf’tgdﬁﬁ‘ﬁfahik
érzoLng?ﬁgtq-%s\%%% ormag(} lv:]l:lsf): €P8£§585FF§| %éﬁ%rﬁlolgln%?ﬁiha%ﬁal
thi ckness ‘e hot 428t {35k 'f 3 8%&“&“2% ithcbenl o 1iiGe ipl EadERRefn
o ginal dRE AR fmdl§o, 80 el év%%%%é" ERer BPFaFe( st of
Pnaf:ﬁgigcgs%s (némac%lve pl;tteﬁ’\iL n }ﬁgguﬁqﬁ%éwﬁg%%gl tn%&'t(ﬁ%eetqetm“m%
m crorelief. pRLLErRN B%thrns which vrepresent the servoe signals, are
exposed to the modulated laser light or an electron beam. For
example, each preformat pattern ié comprised of lines being
located at a position corresponding to each frame, radially
extending across each track, and representing a servo signal.
Thereafter, tﬂe above portions of the photoresist which are
exposed to the laser light L are removed by development. Thus,
an original disk (first original disk) 12 'having a microrecess
{(negative) pattern is obtained as illustrated in Fig. 3B. Next,
the surface of the original disk 12 is coated with a thin
silver plating layer i3, electroforming processing is
performed on the silver-plated original disk 12, and a metal
disk 31A having a microrelief (positive) pattern and a
Predetermined thickness is molded from metal on the original
disk 12, as illustrated in Fig. 3C. Then, the'metal disk 31A
is removed from the silver-plated original disk 12 as

illustrated in Fig. 3D.

The microrelief (positive) pattern on the metal disk 31a
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formed at arbitrary position on the nmetal disk 31A with an accuracy of one
m croneter or less. As nentioned before, the nmetal disk 34Aupest2084may be
used as a master nmedium Alternatively, a master medi um nmay be fornmed by
coating the netal disk 31Awith a soft magnetic |ayer 32. Further,
nonmagnetic |ayer 33 and/or a protection |ayer 34 may be provided as
necessary.lSed@tE DA | dePr dilarrrgcads al (IBiokt velec ik protessn ofthe
producing a netal disk of a master nediumfor use in magnetic transfer is
expl ai ned Quilovean t hiskeler eAte adslifiige, 4he onsifronhithfapattern can be
cross-sectional views of representative stages in the second process.
First, in fidmnet agés afbifimgsry 4AcandiéB, drethier stetari disal IskwiZhhaxihng
a mcrorecess (negative) pattern is produced by form ng a photoresist film
11 on a disgiculicy expoomneg ntineraistker Oowi fllessodlateent hisred biedhird,, whd
devel opi ng the exposed photoresist film1l in a simlar manner to the
st ages of rRitgsl 3Ad=nd 33B | perhe ski r shyprbeesssedlexds 4 henstmwdnacenafivme
first original disk 12 is coated with a thin silver plating | ayer 13.
Ther eaf t eAl thmiasturfalke, of ees tdn reedbdumgineal ldé skEotieids igpated twnbh tthe
thin silver plating layer 13, electroform ng processing is perfornmed on
the silverstdlat édsdri glhalwidilsk al2sofind mageeohe dreygimalb2di sku#dhebhavi ag
a mcrorelief (positive) pattern and a predeterm ned 17 4 August 2004
t hi ckness nicmagrdedi ¢ r dmyeet aB3onahdidofi rst pardtgidtalordi dkeyer?, 34asmay be
illustrated in Fig. 4C. Then, the second original disk 14

provided as necessary.

Second Production Process of Metal Disk

A second procéss of producing a metal disk of a master
medium for use in magnetic transfer is explained below with
reference to Figs. 42 to 4F, which are cross-sectional views
of representative stages in the second process. |

First, in the stages of Figs. 4A and 4B, the first
original disk 12 having a microrecess {(negative) pattern is
produced by forming a photoresist film 11 on a disk 10,
exposing the disk 10 with modulated 1laser 1light L, and
developing the exposed photoresist film 11-in a similar manner
to the stages of Figs. 3A and 3B in the first process. Next,
the surface of the first original disk 12 is coated with a
thin silver plating layer 13. Thereafter, the surface of the
first original disk 12 is coated with a thin silver plating
layer 13, -electroforming processing is performed on the
silver-plated original disk 12, and a second original disk 14

having a microrelief (positive) pattern and a predetermined
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Is removed fromthe first original disk 12 as illustrated in Fig. 4D.
Thereafter, the second original disk 14 is plated, and a ﬁrﬁ“&PS&OQIQ 31B
having a m crorecess (nhegative) pattern and. a predeterm ned thickness is
nol ded fromnetal on the second original disk 14, as illustrated in Fig. -
4E. Then, the netal disk 31B is renoved fromthe second original disk 14
as il ust&knassrily ml dahefromr Besads on( tdwatiimeyt patiginadn dilsk mepal
disk 31B is identical with the mcrorecess (negative) pattern on the

first origPfallidivitrtedsipeRtdondd belflere, the wetcaindickigRI&1 pdiske 1Ay
be used as a master nedium Alternatively, a master nedium my be forned
by coati nglthe&siavgd di sqm 3tBewiftirsta eofdimeyndick [1R@yers 3211kutrherd ain
nonmagnetic |ayer 33 and/or a protection |ayer 34 nay be provided as
necessary. FA§- rht | Bhedebétore, tlleensehendi orindoess daskerint ofist A atasd er
medi um usi ng the above netal disk 31B is magnetically transferred fromthe
mast er medRiM to Bewmynéicl BdEorkhnigng medmimr ortee esame (negaei v&at peittern
pattern as that of Fig. 1C can be recorded on the nmagnetic recording

medi um by Piderai myedetendiiment | 6hd chhetslse imi tnclldest afiromTagaekilc é4 eltthe
Hn (illustrated in Fig. 1A) and the transfer magnetic field Hdu
(illustrat &é8cPrdriogigimpl Wiskl R odast idhuPtoeted din Neiq) LESkTAehhi the
process of producing a netal disk of a master 18 4 August 2004 nedi um for
use in maghetrd Gigksi3dB iis exphaveddfbehonhe tseconet ereintimdDb Figr. 13A 49
5H, which are cross-sectional views

illustrated in Fig. 4F.

The microrecess (negative) pattern on the metal disk 31B
is identical with the microrecess (negative) pattern on the
first original disk 12. As mentioned before, the metai disk
31B per se may be used as a master medium. Alternatively, a
master medium may be formed by coating the metal disk 31B with
a rsoft magnetic 1aye; 32. Further, a nonmagnetic layer 33
and/or a protection layer 34 may be provided as necessary. As
mentioned before, when the microrecess pattern on the master
medium using the above metal disk 31B is magnetically
transferred from the master medium to a magmetic recording
medium, the same magnetization pattern as that of Fig. 1C can
be recorded‘on the magnetic recording medium by inverting the
directions of the initial static magnetic field Hin
(illustrated in Fig. 1A) and the transfer magnetic field Hdu
(illustrated in Fig. 1B).

Third Production Process of Metal Disk

A third process of producing a metal disk of a master
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of representative stages in the third process. First, in th sta S
Figs. 5A to 5D, the first original disk 12 having a m crof 85?92(0Hégat i ve)
pattern and the second original disk 14 having a mcrorelief (positive)
pattern are produced in a simlar manner to the stages of Figs. 3Ato 3D
in the second process. Next, a third original disk 15 having a m crorecess
(negati ve)mpaiglr fogndi e pmd@"ta@rl?ﬁm tranegkassd s sexpl adbdedn beleovws eebhidh
original disk 14 by plating the second original disk 14, or curing a resin
sol uti on wheterepgeptesFddison Thetoeddnd Wwhigh naredicsloss s ead lidnaist v hewe
in Fig. S5E. Then, the third original disk 15 is renoved fromthe second
ori gi nal deBkrddraeseithtisveacbdgen FhgthBFthikdr paftcess. the third original
disk 15 is plated, and a netal disk 31C having a mcrorelief (positive)
pattern and a pridetter mimed thehi skagss i sfnof tesl. f r"em et abDon. thhe fhred
original disk 15, as illustrated in Fig. 5G Then, the nmetal disk 31Cis
renoved fopigideltlisH# drd ghamingi sk nixasreddarst (negdtiveFi gat3tdrThend
mcrorelief (positive) pattern on the netal disk 31C is identical with the
m crorel i efhpaseerndonotiwimel akiidkski4 3bAviAg nentionedebékdr e(pddit frekal
di sk 31C per se may be wused as a master nedium Alternatively, a naster
medi um maypdetefwraed byodoaedngnt heshmtidkrdimslongiC tw tthen ssifdesaghefigs.
| ayer 32. Further, a nonnagnetic |ayer 33 and/or-a protection |ayer 34 may
be provi de3r abo ngRessathe $8cdnduguste2804 Neourt ln Prhdchic td iy iRradc edssf 15
Metal Disk A fourth process of producing a netal disk of a master

having a microrecess (negative) pattern and a predetermined

thickness is molded on the second original disk 14 by plating
the second orxiginal disk 14, or curing a resin solution which
is preséed on thé second original disk 14, as illustrated in
Fig. 5E. Then, the third original disk 15 is removed from the
second original disk 14 as illustrated in Fig. 5F. Thereafter,
the third original disk 15 is plated, and a metal disk 3icC
having a microrelief (bositive) rattern and a predetermined
thickness is molded from metal on. the third original disk 15,
as illustrated in Fig. 5G. Then, the metal disk 31C is removed
from the third original disk 15 as illustrated in Fig. 5H.

The microrelief (positive) pattern on the metal disk 31C
is identical with the microrelief pattern on the metal disk
31A. As mentioned before, the metal disk 31C per se may be
used as a master medium. Alternatively, a master medium may be
formed by coating the metal disk 31C with a soft magnetic
layer 32. Further, a nonmagnetic layer 33 and/or a protection

layer 34 may be provided as necessary.
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medi um for use in magnetic transfer is explained belowwth reference to
Figs. 6A to 6F, which are cross-sectional views of represdiiugtsth290gt ages
in the fourth process. First, as illustrated in Fig. 6A a photoresist
solution is applied to a snoboth surface of a disk 10 (nmade of gl ass or
quartz) by spin coating or the like so as to forma photoresist film11.
Wil e rotating the di sfodftktomedtusiidén Phecphst ofeHestlf Digkll, the
photoresist film1l is irradiated wth laser light (or an electron bean) L
nmodul at ed wi t h skrfourshgmalosess tdiit ppodticans ef rideabentiesk uff faAcAaet &rhe
photoresist film 11, corresponding to predeterm ned preformat . patterns

whi ch represéhtimt fersetsy® shgmalgnetare expns€drt dd hexphadukat ethl@sewith
light or an el ectron beam For exanple, each preformat pattern is

conpri sed péfkraesebeaiongilgcated ab &F,poshidlnager s Héwkion£BChisws
frame, radially extending across each track, and representing a servo
signal . Thefeaépeesentheiaboyeapest ianshef rohe tpheirayesist which are
exposed to the laser light L are renoved by devel opnent, as illustrated in
Fig. 6B. Next, imitde, eashingustageedpont FaRs &fa,t he shickoddsivbi sh1ak¢on
exposed by the renoval of the exposed portions of the photoresist are
etched so &s applaoemh depaessiorth Harfoms respandibg 10 thdy edOr§bdss or
patterns, as illustrated in Fig. 6C. Then, the remaining portions of the
phot or esi sguatrez) r ebpvedpidhugpathagor ogi Nathedi KK i rsd ofd gival dbsk) 20
20 4 August 2004 having a mcrorecess pattern formed with the depressions
10'a is ophatoedsasti lfliast red edwhit1Bi ottt ing the disk 10 coated with

the photoresist film 11, the photoresist film 11 is irradiated
with laser 1light (or an electron beam) L modulated with servo
signals so that portions of the entire surface of the
. photoresist £ilm 11, corresponding to predetermined preformat
patterns which represent the servo signals, are exposed to the
modulated laser light or an electron beam. For example, each
preformat pattern is comprised of 1lines being located at a
position corresponding to each frame, radially extending
across each track, and representing a servo signal. Thereafter,
the above portions of the photoresist which are exposed to the
laser light L are removed by development, as illustrated in
Fig. 6B. Next, in the etching stage, portions of the disk 10
which are exposed by the removal of the exposed portions of
the photoresist are etched so as to form depressions 10a
corresponding to the preformat patterns, as illustrated in Fig.
6C. Then, the remaining portions of the photoresist are

removed. Thus, the original disk (first original disk) 20
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Next, as illustrated in Fig. 6E, a thin silver plating layer 13 is forned
on the mcrorecess pattern fornmed on the original disk 204 Asgestta06#or m ng
processing is perforned on the plated original disk 20 so as to nold a
metal disk 31D having a microrelief (positive) pattern on the plated
original disk 20. Wien the thickness of the netal disk 31D reaches a

pr edet er mhrGingl Be nitdroneteds dbaktetd formedovaid! r ohet depresigiorss  Hiosk

20 as illustrated in Fig. 6F. The mcrorelief (positive) pattern on the
met al di skigidbtdbnednibatllosthetadcior8ligef 6pattern on the netal disk
31A.. In addition, the mcrorelief pattern can be forned at arbitrary

position on the Nettal disk131BtwattedanimcEigacyEef a obkini eridwetrerpDatiass.
As mentioned before, the nmetal disk 31D per se nay be used as a naster
medi um AlXayemat L9eliys formadt en neik umioayrbeetor e tyricofbirngdt hm nehal
disk 31D with a soft magnetic |layer 32. Further, a nonmagnetic |ayer 33
and/ or a proiectabndiaker234 maediegficowiided psonesesagr Vis Fpktf oRPmedlicbinon
Process of Metal Disk A fifth process of producing a netal disk of a master
medi um f orthisepilatrdgreticiialandiek 29 expl aisnetb bebbw i thetaef @ignce3no
Figs. 7TAto 7F, which are cross-sectional views of representative stages
in the fifidawimopcessicForeliefn (pheistiagespaf teirgs on’/AHe piRtddeofigshal
original disk 20 having a mcrorecess (negative) pattern is 21 4 August
2004 produtiesk bg0f omliery thehthdrksiest fdi ntid eetaldidksid031Dexpesitigs t he
di sk 10 with nodul ated [ aser light L, devel oping

predetermined value, the metal disk 31D is removed from the

original disk 20 as illustrated in Fig. 6F.

The microrelief (positive) pattern on the metal disk 31D
is similar to the microrelief pattern on the metal disk 31A.
In addition, the microrelief pattern can be formed ét
arbitrary position on the metal disk 31D with an accuracy of
one micrometer or less. As mentioned before, the metal disk
31D per se may be used as a master medium. Alternatively, a
master medium may be formed by coating the metal disk 31D with
a soft magnetic layer 32. Further, a nonmagnetic layer 33
and/or a protection layer 34 may be provided as necessary.

Fifth Production Process of Metal Disk

A fifth process of producing a metal disk of a master
medium for use in magnetic transfer is explained below with
reference to Figs. 7A to 7F, which are cross-sectional views
of representative stages in the fifth process.

First, in the stages of Figs. 7A to 7D, the first

original disk 20 having a microrecess {negative) pattern is
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t he exposed photoresist film1l, and etching the disk 10 in a simlar
manner to the stages of Figs. .6A to 6D in the fourth prodeagusiebod, a
second original disk 21 having a mcrorelief (positive) pattern and a
predeterm ned thickness is nolded on the first original disk 20 by plating
the first original disk 20, or curing a resin solution which is pressed on
the first PoPHEFAGl R sikamings o | photered list FE§ln7ELL Them, a hdisdécodd,
original disk 21 is renoved fromthe first original disk 20 as illustrated
in Fig. 7Fexmpgieaftbe, dilsdt ilfy with emedulotednilagerodaraditi ons demedoping
performed on the second original disk 21 in order to nold a netal disk 31E
havi ng a ntbeorapesed( pbgdoires)is tpdtilen nl Andandpeedbtiegnithed didlckn@ssnom
the second original disk 21, as illustrated in Fig. 7G Then, the netal

di sk 31E psmidavvadnhegmtchetlsecohageri gifndigh skeR1tas 6Dl liust viaé eflomth
Fig. 7H. The m crorecess (negative) pattern on the netal disk 31E is

i dentical mkretheshe Negtor eceszrdmibgatigedapatitekn2dn heheingred ahidirskediBf
As mentioned before, the nmetal disk 31E per se nay be used as a naster

medi um Al {poaativel ypasteust endvedi pnedebyribénédr whd oy eg@ati ngnd hée detal
disk 31E with a soft magnetic |layer 32. Further, a nonmagnetic |ayer 33
and/ or a phet EérEbnolragénalds dimk 0 pbpvbilletiag mheesSiarst dsigqbmil odedk
before, when the mcrorecess pattern on the naster "medi um using the above
nmet al di sk28lEers cvagmat icatéyinr andudrioad WvRich Alguptre2Bed faromider imster
mediumto a nmagnetic recording nedium the sane magnetization pattern as
that of Figridingandbekr@@ora@ed illustrated in Fig. 7E. Then, the second

originalt disk 21 is removed from the first original disk 20 as
illustrated in Fig. 7F. Thereafter, plating and electroforming
operations are performed on the second original disk 21 in
order to mold a metal disk 31E having a microrecess {(negative)
pattern and a predetermined thickness on the second original
disk 21, as illustrated in Fig. 7G. Then, the metal disk 31E
is removed from the second original disk 21 as illustrated in
Fig. 7H.

The microrecess {negative) pattern on the metal disk 31E
is identical with the microrecess (negative) pattern on the
metal disk 31B. As mentioned before, the metal disk 31E per se
'ﬁay be used as a master medium. Alternatively, a master medium
may be formed by coating the metal disk 31E with a soft
magnetic layer 32. Further, a nonmagnetic layer 33 and/or a
protection layer 34 may be provided as necessary. As mentioned
before, when the microrecess pattern on the master medium

using the above metal disk 31E is magnetically transferred
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on the magnetic recording nmedium by inverting the directions of the
initial static magnetic field Hin (illustrated in Fig. 1AfAugHs%3094
transfer magnetic field I-Idu (illustrated in Fig. 1'S). Sixth' Production
Process of Metal Disk A sixth process of producing a netal disk of a master
medirum for use in magnetic transfer is explained belowwth reference to
Figs. 8A t6red, tlifi chageercmssbiwectportal magewsicofreeprdbent atddimmst ages: -
in the sixth process. First, in the stages of Figs. 8A to 8F, the first

ori gi nal dfaRre2papaetagasinncportdeess Imegatvel Pavtendt arch bhderseocptedd
original disk 21 having a mcrorelief (positive) pattern are produced in a
sim|lar na@hetheo ndunatiseseobrfiygg. medAuro BF invekeihif ttherocesstibexd ,
athird original disk 22 having a mcrorecess (negative) pattern and a
predet er mi pedthehiickindsd issatdldethdryeplat Fhgléh#iseddnd wertigitad h skidd,
or curing a resin solution which is pressed on the second original disk
21, as illUslrandd tihe Rgensfer Thegnethe tfhiald kda gi(haluditsle t23 isnr emeved
fromthe second original disk 21 as illustrated in Fig. 8H Thereafter,

pl ati ng antB) el ectrof ormi ng operations are performed on the third ori ginal
di sk 22, and a netal disk 31F having a mcrorelief (positive) pattern and
a predetern ned thicknéssthagrbbuustipat €doiceskE @f MEtalTleigk t he netal di sk
31F is renoved fromthe third 23 4 August 2004 original disk 22 as
illustrated in PR gsi8th Fh®wassy 00£l pebdpatitner na onethe neisH diEsk d&stsera

medium for use in magnetic transfer is explained below with
reference to Figs. 8A to 8J, which are cross-sectional views
of representative stages in the sixth process.

First, in the stages of Figs. 8A to 8F, the first
original disk 20 having a microrecess (negative) pattern and
the second original disk 21 having a microrelief (posgitive)
pattern are produced in a similar manner to the stages of Figs.

"7A to 7F in the fifth process. Next, a third original disk 22
having a microrecess (negative) pattern and a ;uedetérmined
thickness is molded by plating the second original disk 21, or
curing a resin solution which is pressed on the second
original disk 21, as illustrated in Fig. 8G. Then, the third
original disk 22 is removed from the second original disk 21
as illustrated in Fig. BH. Thereafter, plating and
electroforming operations are performed on the third original
disk 22, and a metal disk 31F having a microrelief (positive)
‘pattern and a predetermined thickness, as illustrated in Fig.

8I. Then, the metal disk 31F is removed from the third
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mcrorelief (positive) pattern which is identical with the mcr%@ﬁhief
pattern on the metal disk 31D. As nentioned before, the naf4PUHi<OR431F per
se may be used as a master nedium Alternatively, a master nedi um nay be
formed by coating the netal disk 31F with a soft nagnetic |ayer 32.
Further, a nonmagnetic |layer 33 and/or a protection layer 34 may be
provi ded a@rigteabadysk\Nderfatdlughehtefl tiheFawt.alBJdi sks 31A to 31F nay be
made of Ni or a N alloy. Various filmformation methods including
el ectrol ess pl atThg, mdlcawmedfiein pg.ttsput t eni ngheamietah dilsit | 33 Fcahsbea
used for formng the metal disks 31A to 31F. The height of the relieves
(or dept hsnbfrehelretes@esdiwfvahepariterar evhifhorisn ddemadesd patitér nshen
the netal disks 31Ato 31F are preferably 80 to 800 nm and nore
pr ef er abl yni&0oreliéd0pahteihieant hbemmetaiekdiak GrLDN Grsomenssiorpad tieehsre,
represent servo signals, the mcrorelief or mcrorecess patterns are
el ongat ed tmet hetreddi &l skli Ba€t imms. skr ef@y abky,uddie aiszes obhstele medium.
mcrorelief or mcrorecess patterns representing servo signals are in the
range of (ABteon20ivetyonet ersstiar thedivadirady dbeedhirared and ickatthe g apge
of 0.2 to 5 microneters in the circunferential direction. That is, it is
preferabl enetmt ddadh PaFt erith epr esoliti nuagnseivo Iyl 3i2s desrghed,t 0a
have a shape elongated in the radial direction within the above 24 4
August 200donrmagmetic Teeyesof B3magnéfoe |ayqrr3Zdisidmwr megdyan t B4a magnebiec
provided as necessary.
Materials
Each of the metal disks 31A to 31F may be made of Ni or
a Ni alloy. Various £film formation methods including
electroless plating, electroforming, sputtering, and ion
plating can be used for forming the metal disks 312 to 31F.
The height of the relieves (or depths of the recesses) of the
microrelief or microrecess patterns on the metal disks 31aA to
31F are preferably 80 to 800 nm, and more preferably 150 to
600 nm. When the microrelief or microrecess patterns represent
servo signals, the microrelief or microrecess patterns are
elongated in the radial directions. Preferably, the sizes of
the microrelief or microrecess patterns representing servo
signals are in the range of 0.3 to 20 micrometers in the
radial direction, and in the range of 0.2 to 5 micrometers in
the circumferential direction. That is, it is preferable that

each pattern representing a servo signal is designed to have a

shape elongated in the radial direction within the above
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material by plating, vacuumfilmformation, or the |like. For exanple, the
vacuum fil mformation includes vacuum evaporation, sputtedifgustlid4i on

pl ati ng. The magnetic material used in the soft nagnetic |ayer 32 may be
Co, a Co alloy (such as CoNi, CoNi Zr, and CoNoTaZr), Fe, a Fe alloy (such
as FeCo, FeCoNi, FeN My, FeAl Si, FeAl, and FeTaN), N, and a N alloy
(such as MNuEggs.|n particular, FeCo and FeCoN are preferable. The

t hi ckness of the soft magnetic layer 32 is preferably 50 to 500 nm and
nore preferably 5 sof400magmeThe adfgeeneh?i dredfoomedgnettilt kayeagd8tic
which is provided as a base |layer of the soft magnetic |ayer 32, may be
made of Crpat@dial Co€@r pl@tiag,Cribculh AFilRu fo@maliionl ,odbth¥ lilkes. NBoyor
the like. In the case where the netal disks are mnade of ferromagnetic

mat eri al , ¢dmnpbaaghet vecbamefliayefodBatdan rnediodedetverdnmitévipdhation,
quality of signals due to the ferromagnetic netal disk 31. Further, it is
pr ef er abl esot peoimgle andr bdecplanifhgl nTheade gok tdicamane:diidke waedoin ( DhE)
or the like on the soft nagnetic layer 32. In addition, it is possible to
provi de a sdfbrinagnethiaydraydbr®2 pmefebabl gy, bat ltoofalhey | Ybtucharis | ayri ,
and the DLC protection |ayer which has a thickness of 5 to 30 nmare
provi ded. Q¥eiZt heasflaveNpadizuh,2 Dones Fet @ldent atduch hh tFleedyask€coN i,
medium a deviation fromperfect alignment may occur. Wen the deviation
is correct®eliMa | cCFenhSal i 8eal25 ahdAFHTHN)20H bedméea NHhe adliave (eodidmaa
and the master nedium For exanple, durability of the master nedi um may
deterior atei¥rle. t dma phawicular, FeCo and FeCoNi are preferable. The

thickness of the soft magnetic layer 32 is preferably 50 to
500 nm, and more preferably 150 to 400 nm.

The aforementioned nonmagnetic layer 33, which is
provided as a base layer of the soft magnetic layer 32, may be
made of Cr, CrTi, CoCr, CrTa, CrMo, NiAl, Ru, C, Ti, Al, Mo, W,
Ta, Nb, or the 1like. In the case where the metal disks are
made of ferromagnetic material, the nonmagnetic base layer 33
can reduce deterioration in quality of signals due to the
ferromagnetic metal disk 31.

Further, it is preferable to provide a protection film
made of diamond-like carbon (DLC) or the like on the soft
magnetic'layer 32. In addition, it is possible to provide a
lubricant layer. More preferably, both of the lubricant layer
and the DLC protection laver which has a thickness of 5 to 30
nm are provided. When the slave medium 2 comes into contact
with the master medium, a deviation from perfect alignmeént may

occur. When the deviation 1s corrected, friction arises
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produced on the surface of the soft magnetic layer 32 by the friction. The
| ubricant | ayer can prevent deterioration in the durabili#Audust 2004
friction. Further, an adhesion reinforcenment |ayer made of Si or the |like
may be provided between the soft nagnetic |ayer 32 and the protection

| ayer 34. Slave Medium The slave nmedium 2 may be an application- type
magneti ¢ PeEBRER nfhAedlaNeomedivni 3- medaithie Imattase nediuti cFercexdinng e,
medi um The application-type magnetic recordi ng nmedi umsuch as a

hi gh- densi €yr#P&ki by edi Skei sapi@iy dpedivn maE fackeiorptei duepref ez ablaw
that the magnetic material used in the thin-metal- filmtype magnetic
recor di ng PEeduEedsoto the aurfaey ¢futheasofloPr@ne CoCr La®ePt G2Tadhyy the
CoPt Cr NbTa, CoCrB, and CoNi), Fe, or a Fe alloy (such as FeCo, FePt, and
FeCoNi ). Evaiebi¢on Bhelbsbeichbli dayeFablaa [pPrieawtindatdst eviadratiansiof the
magnetic transfer characteristics in five concrete exanples of the master
medi ums as@ehebbbbbe éweotlenbnistand.anot her exanple (comparison exanpl e)
of a master nedium produced for conparison. The applicant has eval uated
the quality of siyntiier, taansiddrassicdn orahdirecemdet ilnysdmveadedioinsSi or
(hereinbelow called transferred signals), as follows. 26 4 August 2004
First, a ndgmeliibedensst oper proividiegh BStgemnkéhe(@Bioft magnetic layer 32

and the protection layer 34.

Slave Medium

The slave medium 2 may be an application-type magnetic
recording medium or a thin-metal-film-type magnetic recording
medium. The application-type magnetic recording medium such as
a high-density flexible disk is available on the market. Tt is
preferable that the magnetic material used in the thin-ﬁetal-
film-type magnetic recording medium is Co, a Co alloy (such as
CoPtCr, CoCr, CoPtCrTa, CoPtCrNbTa, CoCxrB, and CoNi), Fe, or a
Fe alloy ({(such as FeCo, FePt, and FeCoNi).

Evaluation of Master Mediums

Table 1 indicates evaluations of magnetic transfer
characteristics in five concrete examples of the master
mediums as the above embodiments and another example
(comparison example) of a master medium produced for
comparison.

The applicant has evaluated the quality of signals
transferred tec and recorded in slave mediums (hereinbelow

called transferred signals), as follows.
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(manuf actured by Signma Hi -Chemical Inc., Japan) is diluted'ten tines, and
dropped onto the slave nediuns after signals are nmagneti cdlAugutt200gf erred
to the slave nediuns. Then, the magnetic devel oper solution on each sl ave
mediumis dried, . and the quality of the transferred signal is eval uated
based on variations of the edges of the transferred signal. Ten fields of
view are observelltffler & nieég8stépe devedgrel caadbntbin 1"O0PKarkhe Qv
evaluation is nade on a scale of 0 to 5, where the score of 5is given to
the cl ear edBappfipstareddbyi §agma Hie Chepdiealofincis fhwen) t bet élmpet ten
unclear transferred signal, and the score of O is given to a transferred
si gnal whi EAMES iavﬂﬂ)sfglf%mée@oo@\ml Udte. sThweobsstnats oafaerd eviadnml s ol x0f
each master nmediumis perforned after each of the first and thousandth
magnet i c thagsPEicapdrat Foassfiskngdt htosamkenastieve medildomsConChehe the
Exanple 1 The master nmedium as the concrete exanple 1 is produced in
accor danceM@piatifedpVedprprocedvtobnprodecioly sl amstmediwedl sindased, and
illustrated in, Figs. 3Ato 3D. The disk 10 is a synthetic quartz disk
havi ng a sthfacalddghnetstRe dfraisFammed andghhe tie cknelsaekdt ased on
photoresist filmwhich is forned on the disk 10 and prebaked is 200 nm
Portions o¥arhatiphet ofedihst eddem cof relspohdang feared: teeirgimlar eT€xposed day
using a laser cutting machine, '‘and the exposed phot6resist filmis

devel oped ¥t Wigy adkel pbdevekdpemdsyl udi or.cricacio®®y 4t Augigsii 2004 pai t e
formed on the photoresist filmincludes lines radially

1,000X. The evaluation is made on a scale of 0 to 5, where the
score of 5 is given to the clearest transferred signal, the
score of 1 is given to the most unclear transferred signal,
and the score of 0 is given to a transferred signal which is
impossible to evaluate. The observation and evaluation of each
master medium is performed after each of the first and
thousandth magnetic transfer operations using the same master

medium.

Concrete Example 1

The master medium as the concrete example 1 is produced
in accordance with the first process of rroducing a master
medium as illustrated in Figs. 3A to 3D. The disk 10 is a
synthetic quartz disk having a surface roughness Ra of 0.8 nm,
and the thickness of the photoresist film which is formed on
the disk 10 and prebaked is 200 nm. Portions of the
photoresist f£film corresponding to patterns are exposed by
uéing a laser cutting machine, and the exposed photdresist

film is developed with an alkali developer solution. Each
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extending in the radius range of 20 to 40 mm and the lines are equally
spaced, and each have a width of 0.5 mcroneters. The spaddsighsit2ddn

adj acent ones of the lines are 0.5 mcroneters at the radius of 20 mMm An
original disk is produced by washi ng and baking the surface of the
photoresist film Next, a thin silver plating layer and a N plating |ayer
havi ng a thfEkRAEEs fermedo of dhenmbartorgsl Florfigbn okneliedesr Lgnaal rdidskl land
then a netal disk formed with the plating layers is renoved fromthe

ori ginal de¥kendhng, ihethasragiusnudingn aeft A€ donct &t Bmexamsl etliei 3ines
obtai ned. The magnetic transfer is nade by using the above master nedi um
and the atbfehghbldvedrarddiatdoh ¢zchnteveAs widdduldf ¢ he gihakbhmgtefrs .
the transferred patterns obtained by each of the first and thousandth
magnet i c tFhesf epagper abiedweens faguederd: beoned | ovfabl the Cohtnese Exanploe 22
The master nedium as the concrete exanple 2 is produced in accordance with
t he fourt hmpeberssevs prbdudieg radiast eof n@di unmas Ad | wstirgtred, | dikikgs .1 HA
to 6F. A photoresist filmis formed on a disk, and patterns are formed by
exposur e wWwipdutradebyl iwgisthiaw atel chapirat thien sarfiame arf neomephboorbeist
concrete exanple 1. Thereafter, reactive ion etching is performed on the
di sk to a &ikprh BexepOanthiangifiven ediadualg lghoimresi si N5 peavved. 13pes;
an original disk is obtained. Next, a Ni plating layer is fornmed on the
original digkingnda 28tk gemess 2004 XHen md areed tediss k afrer med ruicidh bhe the
plating |layer is renoved

original disk, and then a metal disk formed with the plating
layers is removed from the original disk. Thus, the master
medium as the concrete example 1 is obtained. The magnetic
transfer is made by using the above master medium, and the
aforementioned evaluation is made. As a result, the quality of
the transferred patterns obtained by each of the first and
thousandth magnetic transfer operations is found to be

allowable.

Concrete Example 2

The master medium as the concrete example 2 is produced
in accordance with the fourth process of producing a master
medium as illustrated in Figs. 6A to 6F. A photoresist film is
formed on a disk, and patterns are formed by exposure with
laser 1light and development, in a similar manner to the
concrete example 1. Thereafter, reactive ion etching is
performed on the disk to a depth of 200 nm, and the residual
photoresist is removed. Thus, an original disk is obtained.

Next, a Ni plating layer is formed on the original disk, and
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fromthe original disk. Thus, the master nediumas the concrete exanple 2
I s obtained. The magnetic transfer is nmade by using the a SHIUREANOA,

medi um and the aforenentioned evaluation is nade. As a result, the
quality of the transferred patterns obtained by each of the first and

t housandt h. yagnetic transfer operations is found_to be equal to the

qual ity of LRRR GorfRpbit &igkpl koamed #ithy FhGapletisghctayer EXdpremsvaR
master nedium as the concrete exanple 3 is produced by form.ng a soft
magnetic | BFeP ofhenheohkg Bradi s@lg}?odu@é‘dsi n thRe BBREPEL cMERAHPI €28, Whg e
the soft magnetic layer contains 50 atom c _percent FeNi, and has a

t hi ckness ®PR2DBLANE*TRRL esaf t1 hreghet ived ayEhei agpgitisd pnefer is made
direct-current (DC) sputtering nmethod using the sputtering apparatus
"730H"  (nBYiufering edly ANEMPA B8sf6Tat MEA1uTapaald | RheheaEprenentagned
process, the formation tenperature is 25C, the Ar sputtering pressure is 4
X 10-4 Pa, ®éa4ueheoPnpde pdtei s BsW énp.remelt maghlei c Meddsiver ¢85 nitdee
by using the above nmaster nedium _and the aforenentioned evaluation is
made. Due FBa2RREerpedvi BroRCHRSt hebsainefagmat i ¢ddyerof t hehquafi¥rgtof aghk
transferred patterns in the concrete exanple 3 is better than the quality
of the trakBPespredtpampenediicn transhekr eperagiansl dsl fpupnd tendret equal
Exanpl e 4 The master mediumas the concrete exanple 4 is identical 29 4
August 200Bowthf €HBlik¥t ef HBEI GANET etke c¥eRPLEt & -exarfpl.c B loaEptet hat a

Concrete Example 3

The master medium as the concrete example'B is produced
by forming a soft magnetic laver on the metal disk produced in
the concrete example 2, where the soft magnetic layer contains
50 atomic percent FeNi, and has a thickness of 200 nm. The
soft magnetic layer is’ formed by a direct-current (DC)
sputtering method using thel sputtering apparatus "“730H"
(manufactured by ANELVA Corporation, Japan). In the sputtering
process, the formation temperature is 25°%, the Ar sputtering
pressure is 4 X 10? Pa, and the input power is 3 W/cm?. The
magnetic transfer is made by using the above master medium,
and the aforementioned evaluation 1is made. Due to the
provision of the soft magnetic 1layer, the gquality of the
transferred patterns in the concrete example 3 is better than
the gquality of the transferred patterns in the concrete
example 1 or 2,

Concrete Example 4

The master medium as the concrete example 4 is identical
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nonmagnetic | ayer being made of Cr and having a thickness of 300 nmis
formed under the soft magnetic |ayer. The magnetic transf drAugastaidd by
usi ng the above naster nmedium and the aforenentioned evaluation is made.
Due to the provision of the nonmagnetic |ayer under the soft magnetic

| ayer, the qualit of the transferre%@patterns in the concrete exanple 4

i s furtheVthpFBéeﬂ?SEﬁH BERLEP fRahlEhEOREHISYS) SBRMHE F (SHRIRY rBat a
patterns in the concrete exanple 1, 2, or 3. Concrete Exanple 5 The nmaster
medi um as ?ﬁ%m%%%%Fé?eléyéﬁp¢@¥?3s@%ﬁ%d&ée@r BPG kY o acsithiglaiesh eofe
mast er medi um produced in the _concrete exanple 2 by sputtering, and
further fof®®ngmaisLEosast ceRieh thfers it tPRIBELIGYERYEY -cHAOVE dBRIREESC
deposition (CVD) . The Si layer has a thickness of 1 nm and the DLC

prot ecti ont¥ayefehad sa RMIRKR¥SIHING ARe THROVRgRESEET thehsyBr apdmi&ehy
using the above master medium and the aforenentioned evaluation is nmade.
Si nce the abpPreneptippedseuntvabionhésnisder MG (A ithe myesstPruel t bhehe
provi sion of the DLC protection layer, the initial quality of the
transferr e@OPRRIREREC| AYRE GUIRARt Bhex&9fite "RIRetHai AR¥PHed tdvenausiety
the thousandth nmagnetic transfer operation. Conparison Exanple | The
mast er med?EimtEde t kEa@shsaTieSonPakRBRE | iRs the odifeed ede f kasmI.-e 34 4is

August 2004 First, a soft magnetic layer is fornmed on a silicon
further improved, and better than the guality of the

transferred patterns in the concrete example 1, 2, or 3.

Concrete Example 5

The master medium as the concrete example 5 is produced
by forming a Si laver on the master medium produced in the
concrete example 2 by sputtering, and further forming a DLC
protection layer on the Si layer by chemical vapor deposition
-(CVD). The 8i layer_has a thicknessrof 1 nm, and the DLC
protection layer has a thickness of 5 nm. The magnetic
transfer is made by using the above mastef medium, and the
aforementioned evaluation is made. Since the abrasion
resistance of the master medium is increased due to the
provision of the DLC protection layer, the initial gquality of
the transferred patterns in the concrete example 5 is
maintained even after the thousandth magnetic transfer
operation.

Comparison Example 1

The master medium as the comparison example 1 is

produced as follows.
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waf er, where the soft magnetic layer in the conparison exanple ‘1 is the
same as the soft. nmagnetic |layer in the concrete exanple 2.Aubetreooda
photoresist is applied to the soft magnetic |ayer, and the photoresist is
exposed by using masks corresponding to the sane patterns as the concrete
exanple 1. After devel opnent, portions of the soft magnetic layer are
renoved by etchifigrss, as t 8ofbr madreebbove gyattt eins. fFhmedagnet ac &1 hhsber
is made by using the above master nedium and the aforenentioned
eval uat i onwaEerndeheThether anftempgdepart drysroktmaitied dympdei $om Séxampl e
magnetic transfer operation is unclear, and the transferred patterns
obt ai ned by itshetbhousmmrlt hsnaghet isofitr amebeetdper déven cannahebeconcrete
eval uated. Table 1 Evaluation Evaluation After 1st After 1, 000th
Tr ansf er Trexafipie CAnctherExanphet82e€dntr ése BppiileP 3D Giner o £Exaaphe8i
Concr et eExanpl e454 Concr et eExanpl e555 Conpari son Exanple 1 10 31 4 August
2004 What laverai neddi s:the Ahesteeshedi uhsf orexuseséed mhgnetustiiyg angé ek sof
i nformation, conprising a

corresponding to the same patterns as the concrete example 1.

After development, portions of the soft magnetic laver are
removed by etching so as to form the above patterns.

The magnetic transfer is made by using the above master
medium, and the aforementioned evaluation is made. The
transferred patterns obtainedlby the first magnetic transfer
operation is unclear, and the transferred patterns obtained by

the thousandth magnetic transfer operation cannot be evaluated.

Table 1

Evaluation Evaluation

After 1st After 1,000th

Transfer Transfer
Concrete Example 1 3 2
Concrete Example 2 3 2
Concrete Example 3 4 3
Concrete Example 4 5 4
Concrete Example 5 5 5
Comparison Example 1 1 0
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‘metal disk which has a first relief or recess pattern representing said
information and a soft magnetic layer formed on said first relief or
recess pattern, where said netal disk is produced by exposing a
photoresist filmfornmed on a base disk with a |aser or electron beam
nmodul ated with said information while rotating the base disk, devel oping
the photoresist filmso as to forman original disk havi Q%Lg]u%@ relief
or recess pattern, depositing netal on said original disk's o nold
said netal disk on said original disk, and renoving said nmetal disk from
sai d ori Yhtlis diafked?s;: A master nedi um according to claim1, wherein said
original disk is forned by etching said base disk after said photoresist
filmis devel oped. 3. A master nmedium for use in magnetic transfer of
information, conprising a netal disk which has a first relief or recess
pattern feprelemeptay medigm firodsenin aagnetipdransteri of infaralations koinpripingdaced
by exposing a photoresist filmformed on a base disk with a | aser or

el ectr onrr@g%dnﬁ“ggdm'aie i@sv@ fiFstsiglial Phresens: Paltemniapeesanting sajd inipemptier

o o <468 S RSt P oot vl o
pavi ng. ok § G Sed By BoshE £ phbidtbsl i Rined 5L s SRR g <
{1 om sai fasbf bF bleirbflitiAim HodltiatBERAR i thiolRAfdn WIS FofhiRG A0 Ba8E Al
disk so as to nold said netal disk on said second origlnaf disk, and

r enovi ngdévsiopmbahe hdkorbeiiTipiisd RBIBEMAH SlidiAbl Gk havihg 4 sCLEhEBFelP04 4.

A master nmedium for use in magnetic transfer of information, conprising a
met al di ekredesshpditsnadépositing ehétaf onrsaic oeigmapdigkesa asaprasknéaidgnetil d
information, where said netal disk is produced by exposing a photoresist
fil m f ordisl oorsaid psiginal diskkang réemavingssaid oretall disk from $aidmrigbdhlidisked wi t h
said information while rotating the base di sk, devel oping the photoresist
filmso as to forma first original disk having a second relief or recess
pattern,

d iti t al i,d first. original di S .tao nold
3 T3 orRgraar ey dediiodpidainti. Aeiein e grianeh i s dproed o

by etching said base disk after said photoresist film is developed.

3. A master medium for use in magnetic transfer of information, comprising a
metal disk which has a first relief or recess pattern representing said information,
where said metal disk is produced by exposing a photoresist film formed on a base
disk with a laser or electron beam modulated with said information while rotating
the base disk, developing the photoresist film so as to form a first original disk
having a second relief or recess pattern, depositing metal on said first original disk
so as to mold on said first original disk a second disk having a third relief or recess
pattern, removing the second original disk from said first original disk, depositing
metal on said second original disk so as to mold said metal disk on said second

original disk, and removing the metal disk from said second original disk.

32



recess pattern, renoving the second original disk fromsaid first original
di sk, depositing netal on said second original disk so as to nold on said
second original disk a third original disk having a fourth relief or
recess pattern, renoving the third original disk fromsaid second origi nal
di sk, depositing netal on said third original disk so as to nold said
metal disk on said third original disk, and renmoving thg } ook from
said third original disk. 5. A master nedium according to clfaim 3 or 4,
wherein said first original disk is formed by etching said base disk after
sai d pho#or esAstabier mediudefor! wgzeih néignéticusineferrafdhfommation) Somrisiagca ai m
3, 4 or 5, wherein said second original disk is formed by pressing a resin
sol ut i onmetalsdisld vihiers hasrd frstakliefi arkrecess ipaiesmirgpresesiimg saiduinfemationas t o
mol d said second original disk on said first original disk, instead of
deposi t i Wgerfesaid raﬁtag gists is ipreducad ly a¥posing i8. photomsii dilrsrforreed omabase di ng

| ai m 4 or, di lajmb5 6 ., depend ) | aim 4, wh [
s § ShvbSEGadainoa Speilsiny Binnitindal”
S | l. . . .
or 1 g1 nat g, BR%G fIKG UpEVIAIAG 188 ARl 3 SR B 8 o BBR TGEP Hik on

sai d Seﬁé\ﬂﬁg %[%éﬁd?ﬂ' reﬂgﬂsr retst r@fﬂ@pﬁﬁ@%ﬂan@n@tmt Slid T @%g;@%ﬁogg?ic“g

to any one o e precedi ng cla nmprising a sof

llayer fogsad t@malaioh ddid Sikst'Rlgiell dik & 2€88/d Bﬁgrigﬁl B'rsk%avfhg;%‘rfﬁiﬁ% ﬁ%ﬂbl"m

according to claim8, further "conprising a nonimagnetic

bet ween mitieds Sdtternpgabivingl #eeiseannd seigindli 8k frehi hidofirstesgifiaaldker n.
10. A master nedium according to claim8 or 9, wherein said soft magnetic

| ayer hdepasiting oletelsm sdids@cood sPigimahdiskiso As tamald omeshid seaced odgimal t o
any one of the preceding clains, wherein said base disk is nmade of gl ass
or quar t gisk azhird originad diskedraving adewithirelief o6 reggssqrattesn, removingcedi ng

cl ai ns, \‘\{nehein.. : . - : - s
the third original disk from said second original disk, depositing metal on said third
original disk so as to mold said metal disk on said third original disk, and removing

the metal disk from said third original disk.

5. A master medium according to claim 3 or 4, wherein said first original disk is

formed by etching said base disk after said photoresist film is developed.

6. A master medium according to claim 3, 4 or 5, wherein said second original
disk is formed by pressing a resin solution on said first original disk, curing said
resin solution so as to mold said second original disk on said first original disk,

instead of depositing metal on said first original disk.

7. A master medium according to claim 4 or according to claim 5 or 6 when
dependent on claim 4, wherein said third original disk is formed by pressing a resin
solution on said second original disk, curing said resin solution so as to mold said
third original disk on said second original disk, instead of depositing metal on said

second original disk.
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said original disk is nade of a material containing Ni as a nai n conponent.
13. A nmaster nedium according to any one of the preceding clains, wherein
said first relief or recess pattern has a height or depth of 80 to 800 nm
14. A master nedium according to any one of the preceding clains, further
conprising a dianond-|ike carbon protection |ayer as an uppernost |ayer.
15. A nmaster nedium according to any one of the precedi ng,&}gﬁﬂ pBnguher ein
said first relief or recess pattern is elongated in a radia (?irection. 34

8. A master medium according to any one of the preceding claims, further

comprising a soft magnetic layer formed on said first relief or recess pattern.

9. A master medium according to claim 8, further comprising a nonmagnetic

layer formed between said soft magnetic layer and said first relief or recess pattern.

10. A master medium according to claim 8 or 9, wherein said soft magnetic layer

has a thickness of 50 to 500 nm.

11. A master medium according to any one of the preceding claims, wherein

said base disk is made of glass or quartz.

12. A master medium according to any one of the preceding claims, wherein

said original disk is made of a material containing Ni as a main component.

13. A master medium according to any one of the preceding claims, wherein

said first relief or recess pattern has a height or depth of 80 to 800 nm.

14. A master medium according to any one of the preceding claims, further

comprising a diamond-like carbon protection layer as an uppermost layer.

15. A master medium according to any one of the preceding claims, wherein

said first relief or recess pattern is elongated in a radial direction.
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