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 tra%ﬁaﬁg S oFmal o .s 2%d a igariteed t hat & Herocess of magnetically

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



4 August 2004 signals constituting the preformat appear at predeterm ned

intervals during each rotation of the disk. The magnetic hé&dgu$t2084r anged
so that the nagnetic head can nove precisely on the track by reading the
signals in the preformat and correcting its own position. Conventionally,

t he prefor I.§ _produced by.recording the signals on each disk on a|
track-by-tgg%EaggsigoﬁﬁgﬁEPﬁbng T Tabo IRRGAi A aBp&rgtesmined

However, it_takes.a |lon time to record the preformat by using the servo
recor di hg TA5BAVARGs UGt TRLACUSE OF LHE (1icTor e rBaGRarRg mesdrs

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 magneti zation patterns
cor r espondP i FBEPAT SETEE FPATYHAS WWPArFhyhet HEVeEesr dilifg takes a long

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



2 4 August 2004 nedium (as a slave nmediun) . In the disclosed nethods, a
master mediumis prepared for magnetic transfer. The mast éAuggslid0®di s
produced by form ng relieved portions having shapes corresponding to the
information signals on a surface of a substrate, and further formng a
thin magnetic filmat least on the relieved portions of the substrate. The
sl ave nedi M (Bfe & GIAYE MeSHERL- ofn dvkk, dhseleaeflumeshadsh ® master
ferromagnetic filmor a nmagnetic-powder |ayer. The nagnetic transfer is
achi eved bJeFHEE A PFETArAfe HRIIRAETSE LS oskanebar acThei Mhsties meghiom cis
filmof the master medium and,6 applying an AC or DC bias magnetic field to
t he nast er PREGMGHA sobds t §osRénge t Kelheyret i cPautdoral (hevind | mjshareesd
on the relieved portions of the master nedium_ Thus, the nagnetization
patterns cEPFESFERHIAG ot® hdhee| joferumpbi norfsi gnsfls honnest sunfedicunvr ea
recorded on the slave nedium Since, according to the above nethods of
recordi ng SHBREHERICRat %61 pherehes Bprmdgeetd cthianvhonetilte filmentd least
portions of the master nmediumare placed in close contact with the slave
nmedi um whi 8R i8] orpeiprefomenitticds anfl tthe ragretizte miTérd atlanet medium
relieved portions are concurrently excited so as to record the
predet er m Re& pabeer fSTBn Phe 3| abBentdi am diRk.paendr néncdmdes siwat itdain y
recorded on the slave nmedium w thout changing the relative positions of

t he nast er FREAPHAILGRNA Ct hel BN aP& nedimgemetiigs Pawdepr davemat Tasm begnetic

precisely recorded, and the tinme needed for the preformatting is very
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 ;ecorded 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.



short. 3 4 August 2004 However, when the above nethods of recording
magneti zation patterns by magnetic transfer are used for 4@@9ﬂﬁﬁ%@4servo
signals on a magnetic recording nedium(as a slave mediun, it is
necessary to precisely formservo patterns at respectively appropriate

ositions on the_,entire area of a netic recordi ng nedium where thQ
gervo patterns 83¢R Rave awiﬁ?e oﬂgﬁge oY e of %ﬁégﬁﬂﬁronﬁfer deqoggking

F xa the 3.5-inch _and 2.5-inch magnet,ic recordi ng nediuns have
d?;rreteer gplbnsgggglgﬁ&lﬁ’% Pﬁ%ﬁ@éﬂnsr e%’]é(ecf“ia\%‘le}.msi r?é—'@ntstf@r’]—’ SETF0 plta{tetder fsor
ectively indicate addresses of information itens, the respective servo
|ro:ts f erns m‘iéFOE 30 IR . SRR bPafferhsaENREAE| Siveeraiage re,%shl” e O(Ia_s a
ded by.the |ithography techniques which are conventionally used in
Lgﬁagagtur%ﬁ@vgenpggﬁagﬁvgr%dévﬁébsqﬁ“?ﬁﬁﬁﬁﬂict%eaﬁ§§CFﬁﬁéyerﬁormn tshervo
| i t hogr aph chni ques, an original image is reduced in order to increase
accuracy. %ﬁ%EEFBEaaHhﬁe%P%St&HPEM CRPHRP T i seas biyiensh caxplser endtiate
is limted to abqut 2 cmsquare. Wen a |arge-size pattern is recorded by
repeating Fh&2® &tpisitiaHitiherocerisBdareditfe Whare sire parver natheludes
an array of ige tical patterns. That is, it is difficult to formthe servo
patterns ofi?§ Smﬁi%:?%%%rﬂfn&hﬁe&ﬁﬂﬁ%WOfugpﬁgmﬂﬁé°§§?ﬁ¥|qﬁhb?ﬁaphfor
techniques_since the servo patterns are respectively different. In
additign, ?ﬁa’f'ﬂgerrettﬁ‘@ds? of” TETbrifthg2 maghBez Aanetic recording mediums

have diameters 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



patterns by magnetic transfer, the master nediumis placed in close
contact with the slave nediumduring the nmagnetic 4 4 August 2004 transfer
operation. Therefore, when the magnetic transfer operation is perforned a
nunber of tinmes, the relieved patterns representing information wear down,
and therefore the accuracy of the magnetic transfer decreases. Further,
when dust exists between the master nedium and the slave nedi payustheooust
may scratch the surfaces of the relieved portions of the master medium In
t hese cases, traes fast epamdiiom nuShebeforegpl ated. Ther ehageetid itransfer
desirable that the master nediumis easy to produce, and inexpensive.
However, theopevduéenoniaf parfommst ee nedinbarbyof epeimids,ontble t helieved
m cropattern exposure requires conplicated quality control operations, and
i s di sadvanPafedis | FPRYFAEPEaRT ven @%ﬂﬂqﬁopy“ﬁﬁﬂ‘piEGUcﬁﬁﬁh G ogeMUBRY
OF THE | NVENTI ON An obj_ect. of the present invention is to provide a nmaster
nedi um f or u@%c?ﬁaﬁ%gﬁ%fiEh?rgﬁgpﬁ LCWHIAmSEET | fREGFaTRGSve Anbtheley gen
roduce. (1) ,Accordi o.the first aspect of. the present. invention, there
i o AOSETEIE b kRBe, HhE o RRPEE mflivin, SpBL BBE Ch Lo R 54

is provided a master e

and a soft gg@@t}ngy”%?éﬁ@d trflé”%ﬁglf'fag_{éssi%%]{%[]étrélei'eivg&r %{orﬁcgﬁﬁsoﬁat&%m'

The mast er lum conprises a mef . has a . el'i"ef “or
recess pattgnsdepheeethl Nord hercator aridon. +he pBdalr dingkiba Rhaduced

by exposing a photoresist filmfornmed on a base disk with a | aser
replaced. Therefore, it i1s desirable that the master medium is
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



or electron beam nodul ated with the information while rotating the base

di sk, devel opi ng the photoresist filmso as to forman original disk
having a second relief or recess pattern, depositing nmetal on the original
disk so as to nmold the nmetal 5 4 August 2004 disk on the original disk,
and renoving the netal disk from the original disk. The master nedi um
according to the first aspect of the present invention may aisquduavez00e
or any possible conbination of the followi ng additional features (i) to
(x). (i) Theddrsikgioral thd sér imyndle diogiedahy eenbiviggt hee haseldidskkaffiretn
the photoresist filmis developed. (ii) The base di sk may be nade of gl ass
or quartz. (Hhei prii@adriigial di sk may be made of a material containing
Ni as a main conponent. (iv) Preferably, the first relief or recess
pattern has a hei ghte oR2deft hedifn ReCHRNom tNDERE pE&F et aBEPSCt t RE hdieght
or depth of the first relief, or recess patt rnis 150 to 600 nm (v). The
master medi uRFREFNTg £FE Ut e B39 my° fer %%%pr?ge %nﬁonﬂﬁ%ﬁéP}é

|ayer formed e WEEN APS SOLL e JBONGL cach@tmged Lhe i s Tl gl o

recess pattern he ITH er ne |um avi ng eat

preferably, the soft magpefifnd yelqhas aith! ﬁgpeﬁé 2brly Uy é@%blg@ JMare
preferably, the thlckness of th %t magnetic ~ | ayer
base disk after the photor631st 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



(vii) The master medium may further conprise a dianond-I|ike carbon
protection |ayer as an uppernost layer. (viii) Preferably4Augustfa004t
relief or recess 6 4 August 2004 pattern is elongated in a radial

direction. Mdre preferably, the size of the first relief or recess pattern

is in the of, 0. 2 i croneters.in the radial direction, and_in

t he rangebgﬁlgg.rﬁl 'S Séglrﬁgrg %'rg% er8 i%n ¥?fil%fréﬂr?ﬁeé&ér?tni‘alma}f‘?eE’FPéﬁ’.r,abJﬂﬁr
parti cul ar A the first relief ar, recess pattern represents a_servo
el o e BhaboB kY faFathe Thaas o5 eidtHe by bLebs Doy LBr AnPorange
el ongated | r,adi al , direction and the size_of the first relief or
recess pat ?gr%‘iBS%ﬂt%gnmlFﬁgmﬁBS&E rlﬁ‘ngtg'ée. ¥3915he dd&E6Siiomon 14 ndkalthay
be perforned_in c% wi,th one of variqus fjlmformation nethods

d
i ncl udi ng &FBEET 8?2@2%?‘%“ n§t SSRGS o idle SpiETErfaperbngl Aagection.

plating. ( According to the second aspect of the present invention,
there is p?%vi BBEtéCHgéfer Wg‘&i“umtlhﬁr St If?a]g]r%é)i c°¥ r aFi€FeFSof Pattern
i nformation. The ster medium conprises a netal disk which has a first
relief or Fs%sgeﬁgﬁte&rnserzsr 3lvg the 15f BFREETERLIeThENAEL diheli SR xiat
pr oduced b% exposi ngia hotoresist filmformed on a base disk with a |aser
or el ect roh®ba&m FdUiSHTF WEhterR it GHRRtedhitear diadialy dikechiem,
di sk, devel opi ng t he hotpresi st.,filmso as to forma first original disk
having a s&B3n&Pfel5* St rERBsE1p5f 9t ief or recess pattern is within

the above ranges.

(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 tﬁe 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 elect;on 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



depositing nmetal on the first original disk so as to nold on the first
original disk a second original disk having a third reliefli Aogusteififds
pattern, renoving the second original disk fromthe first original disk
depositing netal ,.on the second 7 4 August 2004 original disk so as to nold
the metal disk.on.the.second _original .disk; and, removing the netal disk
fromthe sgggﬁéga%r i"g%% | S5 sR® The Medihr ChBdithtakcGidingoRo tie secoms
aspect of .present i nvention may .al so_have one or, any possible

conbi natio%ggglgﬁg a‘f’d‘sr}%‘rref'i{1 Oné’c?“b%’dintq ohdf F&HAdr eS18Fi FTO8 tB§ segamd
fol | owing additiogal.fﬁﬁtures (xi) and (xii). (xi) The first original disk
may be for iEd9692 efdffng the base disk after the photoresist filmis

devel oped. (xiiﬁhThe second oni%LnaI di sk naz be formed by pressing a
resin sol uti on on*BhB2FFEt MGG hACHRERINEuFPnhet He PERACE O $deas

to nold the secogd Qrkginal disk on the first original disk, instead of

deposi t i ng®HEEER on THEERF1%t BRYgi Rt SQi sRaves) & or 8Fng a7y t heoskilkd e

aspect of the Eresent invention, there is provided a master nediumfor use

in magnet FRPPHEREERE &F ithorhEeTonen thenrdspddifdonah domrures (aihetta

di sk whi ch Q?s adfigstfrﬁliet or recess pattern representing the

i nfor mat i of®! TABAnENE fALLRVERIALGICdPIR. feafosiary iphcnst ebxst) il m

formed on a base disk with a_laser, or electron beam nodul ated with the

i nformation whil e rotap%hb The first orlglnal disk may be formed by
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 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



t he base di sk, devel oping the photoresist filmso as to forma first
original disk having a second relief or recess pattern, dégegusi2if4net al
on the first original disk so as to nold on the - first original disk a
second original disk having a third relief or recess pattern, renpving the

second original ,disk.8 4 August 2004 .fromjthe fjrst original disk, _
depositinggﬁgﬁaﬁaﬁ1%%ﬁf%e%gh%lnﬁgiéﬁﬁ%'(ﬁ%ﬁ?%&Fh&gtHeﬁﬁﬂdQﬂ1Fh% §&CoTH
original disk a lﬂiégcniginal gisk h§¥in' a fourth relief or recess

t 0

pattern, TrBar9vlA % hPPd Bt i §PndIC sR r 0he t K8 SBSoNnAr dFigrmaldiskk,a

deposi ting tal on the_thjr riginal disk so as_to nold the netal disk
on the thi FAI8H aFﬁgﬁn&ilsE}sg‘ng‘% i igEPHETHet Sl iedi Q¢ tFOReEHePREtRE D,

original disk. The steg,nﬁdiun1accordLn to the third aspect of the
present in%?ﬂ??bﬂgnggeaF oF a9€18ﬁga&rd&%%[££8ﬂtﬂnﬁ LORPRAaPY bainplt Ha sk,
aforenentigned additional features (ij)_to _(xii& and the foll ow ng

addi ti onal “FREFUFEEXMELRL OF ithe TH 1 i PHiStPaingr séi S0 RS e Totdedhsy
pressing a res&n sg%ution on the second, original disk, curing the resin
sol uti on sBE8Lt §1AEI @7 e i bregt Fifali Skskn amde ZARVHhDr tiae naptal
di sk, inst&ad of depositing metal on the,k6 second original disk. (4) The
magnetic tPafksEFoPsthenFRiEd BYipLRaingigksl ave mediumin contact with
the first relief_or recess pattern of each nmaster nedium_. and applying a
nagneﬂ(:fieldt?P?h@asﬁﬁ§t&P@h&mtﬁﬁ?Qﬁd%¥%n§Peﬁh%@thh§diﬁﬁQQﬁﬁi@% the

represented bg . . '
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



the first relief or recess pattern to the slave nedium For exanple, it is
preferable that the magnetic transfer is made through thedfsigushid0dd
process by using a magnetic recording medium (as a slave nedium and a
master nmediumin which the netal disk is nade of a ferromagnetic materi al,

the fi i ' { d th th ft t 9 4
August 2003V S er et EPEERRS BRbyTEbe id sgé“ 5+ (G5 pBPFoP IR aren
st di rctPEsATe G redk ”Sﬁfezaiéﬁ%rﬁ%ti%%tfa %E%}eé?%%rg%'a”ﬂg o e

(b) placin he mast er um a e magnetic recordl ng nmedi um so t hat
t he magnet ﬁghl}é‘@orﬁflng rétﬁ %31 n: ¢GTt adf Wirvh BREDEI rdt FERFEF F the

recess pattern . nmade o errc?) lbrgnet materi,al or the soft nagnetic
i)

| ayer for wgan&trl{:herchc}% ”}gelri1 spﬁ&tctlélrgn tg¥e thes hekt Bedivediamg
d to th t t field d
Gt ect) on’ SBb RIRRAS g%%figfrifﬁgt BEHET 1741 thats Ghe JTRSREAF dFESS T na

whet her the first .reljef recess attern of the nmetal disk is a true
copy or a P&daile Csop’yno?of‘ﬁ@ sé’& t'rl'é‘? E’rrﬁF Feddsed Rk t EPReFEr Madtorn
t he aforerrenhso l_ﬁego#érem st fi ardl ess of whether the
pattern fBFAEd%3n % ]E%?m%?%‘%t}% ﬁaFQFFBﬂ ?’5031'1'1"(91' V9t haPRERRLtée daver

recess (negative) atSz rn,_the patﬁéI formed on the magnetic recording

medi um i s ?rﬁﬁﬂ?ﬁ Y Fhey et %%‘?Ter &IF { RECCGPr At ¥ oman o £ hEhe nigisdre

nagnEtlZatﬁgalg%,thedﬁ%%qe%pplylng to the master medium a magnetic field
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



recordi ng nmedi um and the magnetic field applied to the master nmedium for
magnetic transfer are inverted accordingly. The nmaster ned#dugust@d®dddi ng to
the first to third aspects of the present invention are nmade with a netal
disk which has a relief or recess pattern representing information

signals to,be magnetically . transferred. Thus, the master, nediuns used in
magnet i ¢ tf%ﬂ%#egsofefﬁ8 P )i dP s7 gRaPRetdCh TRGQESE N MEG MR hcaR be
servo signals) to_a netic recorging nmedi um can be produced at | ow cost
with a desft® ua%%u?g‘égwl AOB&r PREQ & de51TG%e ACTHKRASEF - of R | Rt eal aret &
di sks can be produced by _netal  deposition using one original plate.
Ther ef or e, 9X fiet ﬁ%%??fa%#védgﬁébFPEtFe5ﬁltﬁéﬁ%ﬁyﬁﬁq(P%rQ%ﬁﬁ%ﬁe@ahYbEEtal
mai ntai ned_by tinely replacing the naster nediumin response to increase
in the nunbPFOEIMR madibRy ¢ t92fisf rTbpbrati orRlate- addFeevniorae masher
medi uns according to the first to third aspects of the present invention

i s advant agtEEF Ve heftaRdtdhdss, oF or BBi | iMdgnetir wehrRBFERES| SFNhcebe
when the netal disk in the master nediumis nmade of a material containing
N as a maPFRodeRnbYFdiMedyY, HpRhaehedndthe RAskeT smaddemofima neseenske
containing Ni,as a maip conponent, the magnetic transfer is possible

wi t hout addf t1¥TE829Hf ol ston, nuphes RE tieamapaetdsadiansEemmpgiations.
However, it is preferable to provide a soft magnetic |ayer even when the
netal disk is ndde dAIRCLIARLetiE BIFEAT nPRGINMS AGrerdinst fandfhe first

characteristics, are . . .
to third 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

11



I nproved by the provision of the soft magnetic layer. It is nore preferable
that a nonmagnetic layer is provided between the netal di sftAtgustt2984sof t
magnetic layer in order to elimnate the influence of the nmagneti sm of the
metal disk. Wen the netal disk is nmade of a nonmagnetic material, the

soft magnegi.c.. | r ich realizes desirable transfer characterjstics is

i ndi spensa%%gykéérgt hé(e\ér], aa}]eﬁ%ge& é’r?g;ndllllal?’ﬁé c%l‘L' bgﬁi.epr BT on Mesyd® i s The 4
August 200 Lde n. uppernost | ayer of the ster nedium the

cont act duégg%%\%y |sxaa?’?11§1rle ed® SPIHISeyr £ WifbeP ofrepfgrivtiRer of -
transfer operations can be performed by using.one master nmedium

DESCRI PTI'd%?gf—'e#ﬁE oA FOg! .rgﬁﬂ:"f%“* 1828 P%r BELLo&ZFEonY WHRT oPnie
first to thirggstagﬁggin a process of magnetically transferring

i nf or mati of-from 2 f'er nedium as an enbodi nent of the present invention

to a slave nedium Fig. 2'is ross-sectional view of a master nedi um as
anot her enbodi ment of the pr%@%‘ﬁ%l?%%%t‘i)EnT&FgQBA‘S‘}&Nﬁﬁ 3D are

cross-sectional yiews gg represent ative stages in a first grocess.of
produci ng a netal 981 sk*ofalfradf&r CReffumeigRay N igspehrghe first to

cross-sect{éﬁna% vis%ws of .representative stages in a second process of
produci ng & hktal ®“8P§K of'™a rfastRICHREPunPt magnetically transferring

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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Figs. 5A to 5H are cross-sectional views of representative stages in a
third process of producing a nmetal disk of a master nedi uhAugusts2008A to 6F
are cross-sectional views of representative stages in a fourth process of
producing a netal disk of a master nedium Figs. 7Ato 7H are
cross-sectional yjews of_ _representative stages in a fifth process of
produci ng a netal *9%t sk B a Wast etV meditin 19S5 AUFRSEIOPBA Fi HieWEA t ©18J
are cross-sectionaL views of representative stages in a sixth process of
produci ng BCREEEFILAFLKCoftaIRES S et X PESERFPTPEN Ry° PREFERREDNetal
ENBODINENI?,EEboginents of the present invention are explained in detai
bel ow wi t h%8fePEnge™EBEBF aMPRGE™ - Magneti ¢ Transfer Process Figs. 1A to 1C
are cross-sectional views of the first to third stages in a process of
magneti cal |y transferri RESCRAFPSLRE PEn PRESHRRR ERa FMBEODRMENRS as an

enbodi nent of the  present invention to a slave nedium The outline of the
magneti c transf e‘F%&H&%WsO&s the| PRREe rdnvensipn ua¥e atedlisdingidy. 1A,
initial magnetization (direct-current demagnetization) is perfornmed on a
slave nediah®2lphelppl Yiky referenspate AEa@Wdmo® -an initial static

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 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
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magnetic field Hn in a direction along a track of the slave nedium 2.
Thereafter, as illustrated in, Fig. 1B, the slave nedi um 2Augdst20@dst er
medium 3 are placed so that the magnetic transfer surface of the slave
medium 2 is in close contact wth information-bearing surfaces of the
mast er medLum 3 re the infornmation-bearing surfaces are surfaces of. a
sof t magnéf'?]é Féy\g&%§?'f8r ﬁﬁ&nﬁﬁerreln\aeg\?ee&’ﬁorﬁie&fg g’f'%'m’ﬁ‘?%PEFilEf figld
nicroreces§ gattern elongated in the radial djrections i.e.f in the
directionst®f CHERG Ghths LORPERET r LY IF LERtIRT 1591 BhgusoDpoRagnstin.
Then, a transfer nmagnpetic field éi,e., magnetic field for magnetic
transfer) HUeFs 3HpptPedto FHECSHIPRm@pRRASEe | B9erti AhreREigry cfi dihe
opposite tp the direction of the initial static magnetic field H n along
the directiBhtdflt féatiadleHetie SLgVe Hedi hong Akbg [ddfipqtion of the
illustrated in Fig. 1C a pattern formed with the relieved portions of the
mast er medFERFS éﬁg'QﬁﬁcééagﬁoW@QHﬂ?r%ce§§e&[ﬁﬁ%?%ﬁs 8F thielupfsebed in
medium 3 is, magnetically transferred to, the magnetic transfer surface
(track) ofFtfe dCave® nBaLGATD, Lofdref WagRetPLatiohli¢ued ePrritd ondcopfledion
the slave nedium 2. ~Details of the process of magnetic transfer are

expl ai ned, "#BF ST REAPME, I RUFHERRSRS UNRRUH ABE PRCE&FSSUMITRIPRA RE. tine
(1999)-117800. Even when the microrelief or mcrorecess pattern of the
resin subsPREEET| Medigy t 31 35 ARIReLiGA hE Frereiannad ofc il opageesic

pattern of Fig. 1B, the same nmagnetization pattern i
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
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as that of Fig. 1C can be realized by inverting the directions of the
initial static magnetic field H n and the transfer magnet dAubusi2ad0kidu.
Construction of Master Medium Wen the netal disk 31 is nmade of a
ferromagnetic material such as Ni, the magnetic transfer can be nade

W thout the soft netic |layer 32, .and therefore the.soft. nmagneti | ayer
32 can be U EPRHREET N { M2 YEHRR . WAGh (RS Sof (VASRERET | c Yyer 394 s b
provi ded, th§.$erforg?nce of the magnetic transfer is inproved. Wen the
netal di sk*31*TRENEFR6f a 14 4 August 2004 nonmagnetic material, the soft

magnetic layer 32 is _jndispensahle. en_the netal, disk 31 made of a_,

f erromagnetic mﬁ%ﬁ?theiQEEGEtgga%t$ram§ ?togganéﬁH?QQﬁ&ﬂe%ﬁf material
preferably, a nonm&gnetic | ayer 33 is grovlded betmeeg t he nefal ghsk 31
and the sbft PRYRETI V1BYer® 325Qbt { HBRIRRELF ni 1 ¥eREe Of ' t MR ABGRRPEEm off
the netal disk 31 is elimnated., Fig. 2 is craoss-sectional v'e%éof i ch a
master medPORPagReFIfslaYRTI Ad 1fabror IRes Aot By metal et fhedf arck
31 having a mcrorelief or, mcrorecess pattern is coated with a
nonmagnet i ¢ ayRt B3 Magn&Sdic 1dGHEE cFayRP 3Pe% ftg’rerre&néljruef’ﬁ@ of the
nonmagneti c | ayer 33, and a diamnond-|l i ke carhon (DLC rotect,ion | ayer 34

St 84

i s formed BRIFREIEPp&SIoShe| Bfd2lor ALRE  Hhastér on Tiffe sHftis @

magnetic | ayer 32. e to the rovi si.on of the DLC_protection |ayer 34
thg Contacg¥oss—secgyonal view %f such a master medgum. %ﬁat isy {n the

master medium 3' of Fig. 2, the 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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durability is increased, so that a great nunber of magnetic transfer
operations can be perfornmed by using one master nedium |8 Augusi 204
preferable that a protectionh |ayer 34 is provided as the uppernost |ayer
of the master medium3 in Fig. 1B. in addition, it is possible to forma
Si filmunder the DLC protection |layer 34 by sputtering. First Production

modi um for se 1 Tagnet O LY AMeTer st Lar ned b Ak TS 1t crehebloy

medi um for use in magnetic transfer 1s exp

9%, 12 Bt ahate siasmeSiom o woudk YEPISRER ) o,

in the first process. 15 4 August

phot or esi ti i pl ] to a snoo surf,ace of a disk 10 (nade of
gl ass or %&lua:iér)%@) g{}{ spl nﬂgoa (?%%1%5? tBe | %ES 5&135 t % oAf a EPhotdFBsi 5t

Ll B e SRl R S L A

the photoresi st m I's ifra | _

entite surtaod T PRI e TP P hIEB B 8B psdmg k o Dricadiat ndd

Todul at od Tader FEgh Lonkn (SoctP orf IBERROPS 2B aki T @ac hp et bk ed

ach framy a5 1 SAptthan noathass PEaL ATRcRt BRE PBAESeRIHRGE SoFvo

signal. E@@%ﬁgﬁé¥0ré£§%@b0¥§lgorHE?”Ségrggg% ﬁﬁ?ﬁgeskgt g@éﬁgég;;ined
preformat. patterns which represent the sérvo signals, are
exposed £o 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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exposed to the laser light L are renoved by devel opnent. Thus, an original
disk (first original disk) 12'having a microrecess (negat#"&pugi2004rn is
obtained as illustrated in Fig. 3B. Next, the surface of the original disk
12 is coated with a thin silver plating |layer 13, el ectroformng
processing is perforned on the silver-plated original disk 12, and a netal
di sk 31A Heévi MEVRTRTr dicel itdfe (pogdindnedegmt t @revaindve) ettt niord the

thickness is nolded fromnetal on the original disk 12, as illustrated in
Fig. 3C. Tginde @eshl 1di skn3bAdiitsigrenovies] fiionvtrakisf| vartplrat ethn be
original disk 12 as illustrated in Fig. 3D. The mcrorelief (positive)

pattern orfaimedressl ailsk Sy 1604iAdgostor00he snetmer désko 31T with an
m crorecess (negative) pattern on the original disk 12. In addition, the
m crorel i gfcqpmacy nofarnee miforamzt et arbilesar.y Jposnénvhonadt be fmetegl thek
31A with an accuracy of one mcroneter or |less. As nentioned before, the
met al di skne3BA pelise M beeusedeasmaynabeerusedi uas Al trergiadt veledivm .
master nedium may be forned by coating the nmetal disk 31A with a soft
magnet i ¢ |2aytriBPtiweiky her, morimmagneedtuhayery 33e afidkoreda iy oteating |ayer
34 may be provided as necessary. Second Production Process of Metal Disk A
second pr awdssl ofiipkodBitAngriatmetsal sdEsk mdgme thst drayaredidgm f paruserin a
magnetic transfer is explained belowwith reference to Figs. 4A to 4F,

whi ch ar e impegrseci ¢ oda@yer e®8 and/or a protection layer 34 may be

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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of representative stages in the second process. First, in the stages of
Figs. 4A and 4B, the first original disk 12 having a mi cr 6r8geei2V04
(negative) pattern is produced by form ng a photoresist film1l1l on a disk
10, exposing the disk 10 with nodul ated laser. light L, and devel oping

t he exposed photoresist film1ll in a simlar manner to the stages of Figs.
3A and 3B itk ess sts grokdad . fRemt metafe ogurtihecof ofst herfgisalodigiknal 2,
disk 12 is coated with a thin silver plating |ayer 13. Thereafter, the
surface of @he 1 ¥4sitatnd gimaFigi-skCl2 Theroathd wiedenal tdwigshaVvedigkatiag
| ayer 13, electroformng processing is perforned on the silver-plated

ori gi nal dii$k TEMovRH Breecohd ddirgitnadriiskall4dikBvil2g s nitLlasekbekd in
(positive) pattern and a predetermned 17 4 August 2004 thickness is nol ded
from metal Faq -t D i Fherepfgemal Wisksdclnd agiidimustraied i Fig. MdGted,
Then, the second original disk 14 is renoved fromthe first original disk
12 as ill udPfatdednetal FR§sk4D1ETHerelig ea, mike oxerend othgjasive) shattdsn
plated, and a netal disk 31B having a m crorecess (negative) pattern and
a predet er AlRfAedd t HrEdedsyrriigah| dbdcknemsnet al mlddie fseaonde0ailgi sl sk
14, as illustrated in Fig. 4E. Then, the netal disk 31B is renoved from

t he secondséfrgingrigiisiall Aiak 14/ ussr aledsicmakied. i4F.Fikhe 4ECr oheneSkhe
(negative) pattern on the nmetal disk 31B is identical with the m crorecess
(negat i ve) mp&atledd sén X1¥e id ivenovedginah dhek sk2onds aridimaeddbekone, dhe

metal di sk,
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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31B per se may be used as a master nedium Alternatively, mast er nmedi um
may be formed by coating the metal disk 31B with a soft ngé\”n’g‘t’?tgopﬁyer 32.
Further, a nonmagnetic |layer 33 and/or a protection |ayer 34 may be
provi ded as necessary. As nentioned before, when the mcrorecess pattern
on the master mediumusing the above netal disk 31B is magnetically
transf err ddefieom €& nise et nmidianatis atnapaéerc icecorell atpededicdmvw tweth
same nmagnetization pattern as that of Fig. 1C can be recorded on the
magnet i ¢ reebevenge mbdi Fradsy i Pvekoi 5dl.t hich retei onosef- steled liofial arviews
static magnetic field Hn (illustrated in Fig. 1A) and the transfer
magneti c fo&l vebesetthtiver atadesnifi ghelBhirthiprdc®sesducti on Process of
Metal Disk A third process of producing a netal disk of a master 18 4
August 2004 nedifdwsor use ithenaghepee tolnsfigsi s Sxpltai n&d, betbw wWiihst
reference to Figs. 5A to 5H, which are cross-sectional views of
repr esent a@¥ y@iwahgdd skn Itthehahing pr otiesrddast , (nagéhévsh ages tofriFi gad
5A to 5D, the first original disk 12 having a m crorecess (negative)
pattern anthet becsadonsrgyimphakigkskid4hhsningg & microreliief ({mssities)
pattern are produced in a simlar manner to the stages of Figs. 3Ato 3D
in the seconttprocass. pRedtced fhi adsdmidiamalmaginglr T theyisipoesn ¢f oFEgess
(negative) pattern and a predeterm ned thickness is nolded on the second
original disktd43byipl bhengecvbhd peoordsor Ngxtal adit$id xi, oxirgimeal ndi sk r &2Si n
sol ution which

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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I's pressed on the second original disk 14, as illustrated in Fig. 5E
Then, the third original disk 15 is renoved fromthe secoddugustgosdl di sk
14 as illustrated in Fig. 5F. Thereafter, the third original disk 15 is
pl ated, and a netal disk 31C having a mcrorelief (positive) pattern and a
predeterm ned thickness is nolded fromnmetal on. the third original disk
15, as illustrated i rFdigth I odihenion heroeeak dfske3i2C Ddskenoved from
the third original disk 15 as illustrated in Fig. 5H The mcrorelief
(positive) pattekinfonrthepretcalssdick BtEautcsnpdentmewdl Wit bkt ke nd chakgeldref
pattern on the netal disk 31A As nentioned before, the nmetal. disk 31C per
se may be madtdmafoxr nBsé einnmecighatil t ergakiEvel Vis aeRBsheheded aloway ke,
formed by coating the netal disk 31Cwith a soft magnetic |ayer 32.
Furt her, arapapagaetite |mygr. 38 and/ @F ,a yDEkRChiren ciaers &k ioyabeviews
provi ded as necessary. 19 4 August 2004 Fourth Production Process of Metal
Di sk A fousthrppeeesstatipeoduaysg annmehal réuskrofprvd@amster nedium for use
in magnetic transfer is explained belowwith reference to Figs. 6A to 6F,
whi ch are cross-Begstpnat viruwstratedepnegent.atdae stdgesotrasibe Eouathon
process. First, as illustrated in Fig. 6A, a photoresist solution is
applied toia appotibdstbf aceneiotd divkidde (sRde afisyl a9s Gladdlusf tglaby SR N
coating or the like so as to forma photoresist film21l. Wile rotating
the di sk 1@uepatpd bist hspihe pbatongsi sir fidh® 1likde ghotos esist fobm 14
Is irradiated

photoresist fiim 11. While rotating the disk 10 coated with

the photoresist film 11, the photoresist film 11 is irradiéted
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 correspoqding 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

20



with laser light (or an electron bean) L nodulated wth servo signals so
that portions of the entire surface of the photoresist fi#mubilst2004
corresponding to predeternm ned preformat patterns which represent the
servo signals, are exposed to the nodulated |laser light or an el ectron
beam For exarrple each preformat pattern is conprised of |ines being

| ocat ed athavipdsit g murawsonok hgern dachedr arieth r alle aldeprexdsindisigl 0a
across each track, and representing a servo signal. Thereafter, the above
portions oiStmt@tm@esi silwhtrhtedeinxpogedéDo the |aser Iight L are
renoved by devel opnent, as illustrated in Fig. 6B. Next, in the etching
stage, portions Ngxt headi sk 11Gtnaltiech far eFegpo$se&Ed by thénr efdwalr oplébeng
exposed portions of the photoresist are etched so as to form depressions
10a corresgoedi bd tic t herpedf onmethgpani erasecassi Idatttamat eforineli dn 68e
Then, the remaining portions of the photoresist are renoved. Thus, the
original diskg{dalstiiek g2hal edissirafdr2ing Angosts200¢ hiowi pgr&ormed on
m crorecess pattern formed with the depressions 10'a is obtained as

i I lustrat ecthe npEaged6riNeixiagl adikek| @ raw edsi ntd-i go18Ea amébad ilsker3ip
plating layer 13 is formed on the mcrorecess pattern forned on the

ori gi nal diski®,a ehictovébiatngppedtésse) ngaittepar bar e alatdd® ethgedal
original disk 20 so as to nold a nmetal disk 31D having a mcrorelief
(positive)disittapn otherhetlpd atbdciniegisnaf thekm2@alWisinsit hel1bhixedawasss ok
the netal disk 31D reaches a predeterm ned value, the netal disk 31D is
renoved frmomeddeermined 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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original disk 20 as illustrated in Fig. 6F. The mcrorelief (positive)
pattern on the netal disk 31D is sinmlar to the mcrorelidfAygast2i04 on t he
metal disk 31A.. In addition, the mcrorelief pattern can be fornmed at
arbitrary position on the netal disk 31D with an accuracy of one
m croneter or |less. As nentioned before, the netal disk 31D per se may be
used as a RhstBfefedtymionmigyhatti vehptogeshsdt efifmdi Un ry e Adsiedlisy,
coating the netal disk 31D with a soft magnetic |ayer 32. Further, a
nonmagnet i €Xpag§erg38headd/sdr 0 privtlecmpdnlibypdr 134 eyl ishtpriovi dededsping
necessary. Fifth Production Process of Metal Disk A fifth process of
produci ng bhaeeabodedk pbb tearemdtsdr £ifedi Ui f anduséchnngadgibet ididk ansf én i=s
expl ai ned below with reference to Figs. 7Ato 7F, which are
cross-sect pomalayi masnegf treprlesentageve odt dyiass i n6A heof i6ht himprdces§ourth
First, in the stages of Figs. 7Ato 7D, the first original disk 20 having
a m crorecesscenegatiens) patgtegrand so2lgiin@Augdssk2@04 hervachgcead byctorpite fa
photoresist film11l on a disk 10, exposing the disk 10 with nodul at ed
| aser |ighfpbsitdével oprugernhenskposedephbeomenidt thillchnkks and mbéThedgcohe
disk 10 in a simlar manner to the stages of Figs. .6A to 6D in the fourth
process. Nelke, farsécomdgdmiadi mblskdizk B¢ bawmicngga thiecrfonedt edriqimosit diek
pattern and a predeterm ned thickness is nolded on the first original disk
20 by pl at2fg phe cliristy or i gesdh dbdkti2® wriadurismgpaesesidn ol thé ofiwkitch
IS pressed on the first

original disk 20, as 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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original disk 20, as illustrated in Fig. 7E. Then, the second ori %i nal
disk 21 is renoved fromthe first original disk 20 as il féuessed®otn Fig.
7F. Thereafter, plating and el ectroform ng operations . are performed on
the second original disk 21 in order to nold a netal disk 31E having a

m crorecess (negative) pattern and a predeterm ned thickness on the second
ori ginal 8FSR %iﬂ,e aBapkpustetiamn | RoFigy. mAGneThen, rederdital ndidsikar®1EtHes-
renoved fromthe second original disk 21 as illustrated in Fig. 7H The

m cror eces8apfeBanes) zpadoar paditertve artehadi sk BLE. ilT identbeatevbihleche
m crorecess (negative) pattern on the netal disk 31B. As nentioned before,
the netal ehskh@lmgmretsiec ragobéingeceds um Newt enveedinm tHd efihattrebys a
master nedium nay be formed by coating the netal disk 31E with a soft
magneti c | @yekh82 infdipitAerstatinommegretic Faged B3nandlduskrauat ebhii Pig.

| ayer 34 may be provided as necessary. As nentioned before, when the

m cror ecestAbadndr rien thensbst emabnediomt iusicigidie (ahove tirettald dirskr34E
is magnetically transferred 22 4 August 2004 fromthe master nmediumto a
magneti c r&8brdi ng medium the same magnetization pattern as that of Fig.
1C can be recorded on the magnetic recording nmedium by inverting the
directions of the inigiakhsPabdoctignePirockisal o fHMetE] Inistk ated in Fig.
1A) and the transfer nmagnetic field I-l1du (illustrated in Fig. 1B). Sixth
Producti on Processsokthetratfodsissk of producing a metal disk of a master

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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A sixth process of producing a netal disk of a master nedi ém f%%r ﬁie I n
magnetic transfer is explained belowwth reference to Fiéj UGYK 20 8J,

whi ch are cross-sectional views of representative stages in the sixth
process. First, in the stages of Figs. 8Ato 8F, the first original disk
20 having a microrecess (negative) pattern and the second original disk 21
havi ng a mME+oterlefliehos?tase}llpatratadaie Figdu6dd in a simlar manner
to the stages of Figs. 7A to 7F in the fifth process. Next, a'third

origi nal di sk 2Zhéawimycretiiafor pedserinegat i vy pettay n Girgk a31lF is a
predeterm ned thickness is nolded by plating the second original disk 21,
or curinghicresehisdl utriamitihiedh pstpeessedhboht hies sédemdt i carli giwhah dikle
21, as illustrated in Fig. 8G Then, the third original disk 22 is renoved
fromthe setornoreligfnmhttesk @4 the mkltadt Gdtséd 31D .Fiag bt ilheskaféBore,
pl ating and electroform ng operations are perforned on the third original
di sk 22, arhle amegiedl disk 31F heen ngea maxr beelisdd (pesid i mak tepatmed umand
a predeterm ned thickness, as illustrated in Fig. 81. Then, the netal disk
31F is remdlegrfzohvéhe, t Bi mMhAFeM Aaddsm 2004 bei dioraledi Bk 22aa¥ng the
illustrated in Fig. 8J. The mcrorelief pattern on the netal disk 31F is a
m crorel i gie{pbsidiiake) 3pat twith wai chofs imemeéetht Vidsret ha2.m suordkiref 2
pattern on the nmetal disk 31D. As nentioned before, the nmetal disk 31F per
se may be newuR@ee bl castearemediBunand Abreraatp e o t tomasigrerediaunmany be
formed by coating the

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 inciuding
electroless plating, electroforming, sputtering, and ion
plating can be used for forming the metal disks 3iA 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
servg 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

24



netal disk 31F with a soft magnetic |layer 32. Further, a nonmagnetic |ayer
33 and/or a protection |ayer 34 may be provided as necessdrAugudtaoedi al s
Each of the nmetal disks 31A to 31F may be made of NN or a N alloy. Various
filmformation nethods including electroless plating, electroformng,
sputtering, and ion plating can be used for formng the netal disks 31A to
31F. The ¥magge. of the relieves (or depths of the recesses) of the
mcrorelief or mcrorecess patterns on the netal disks 31Ato 31F are
preferably 80 t d890spdt ambmetic pleferab?y 150 formé80 winth Waemadeetic
mcrorelief or mcrorecess patterns represent servo signals, the
m crorel i glatorrmalr byecdss ipat,t eraxsuwan ef i dghodgatrecdt iiom t herr adieallike. For
directions. Preferably, the sizes of the mcrorelief or mcrorecess
patterns repamgskat i tge SeavoumsiEdhal $oamatipnt Hacladgs ofadidn tevéforation,
mcronmeters in the radial direction, and in the range of 0.2 to 5
m cr onet ersputntetheg ci agdnieneplaalndi r #bki ongnEtdic matdrtidls yeed etabtae
that each pattern representing a servo signal is designed to have a shape
el ongat ed saoft hmagadiak diayeat i dh maphie the, above 24 Yo Augeath2@ CoNi,
ranges.. The soft magnetic layer 32 is formed with a magnetic material by
plating, vaaigrfibamdf comditadiy,) 0rFd heal Fke.alBary exacipl as tFReg,acBeobRil, m
formati on includes vacuum evaporation, sputtering, and ion plating. The
magneti c regNiN@l BerRUSipn FkAl, and FeTaN), Ni, and a Ni allioy ({(such as
NiFe). In particular, 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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soft magnetic |ayer 32 may be Co, a Co alloy (such as CoNi, CoN Zr, and
CoNbTazZr), Fe, a Fe alloy (such as FeCo, FeCoNi, FeN M, Fébgtst,2066Al, and
FeTaN), Ni, and a Ni alloy (such as N Fe). In particular, FeCo and FeCoN
are preferable. The thickness of the soft nagnetic layer 32 is preferably
50 to 500 nm and nore_preferably 150 to 400 nm The aforenentioned
nonmagnet i BeFuGeR Bhe Ghp¥A Mediypovi @ed 4 Meten Mediwt. tFer setample,
magnetic |layer 32, may be made of G, OTi, CC, OTa, M, NA, Ru C
Ti, A, MAuygbliatyNef &het he@steke mediwhemersdenpsioraie WatealtalizkElame
made of ferromagnetic material, the nonmagnetic base | ayer 33 can reduce
det eri or atPBHedp@eduani thheofsut g sofusheo gaft Magneonbgnéaivernsdt2albyli ke
31. Further, it is preferable to provide a protection film nade of

di amond- | i ketebioon THeEClubrirhet| lkeeon dare mufven tratptstr otayikeon 320 the
addition, it is possible to provide a lubricant |ayer. Mre preferably,
both of théuraptlibntdnaybe fahdtihe.DLC protection | ayer which has a

t hi ckness of 5 to 30 nmare provided. Wen the slave nedium 2 cones into
contact with thungkerer abdiadilesiaeviatindénrtevanpedfeastr ahadganmerdt Sayor
occur. Wien the deviation is corrected, friction arises 25 4 August 2004
bet ween t hithe| dvkensivunke arg¢vilded st eveendithin sRoft emagpkeic durnedi | By
of the master nedium nmay deteriorate due to a flaw produced on the surface
of the sofandmghetprotageiog2layerhd4.friction. The |ubricant |ayer can

prevent deterioration in the
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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durability due to friction. Further, an adhesion reinforcenent |ayer nade
of Si or the like nmay be provided between the soft magnet 4Augagez008d2 and
the protection |ayer 34. Sl ave Medium The sl ave nedium 2 may be an
application- type magnetic recording nediumor a thin-netal-filmtype
magnetic recording medium The application-type magnetic recording nmedi um
such as a high-H#éRsFty Bl elpEREetdrsk deyedwaidmblsobntide nhfkenarkeri s g
preferable that the magnetic material used in the thin-metal- filmtype
magnet i c r éBBPYEAG tHECAURY] Sigpa HicEhsamispl sivh. asTaGalt CGis CbDnted ten
CoPt Cr Ta, CoPtCrNoTa, CoCrB, and CoNi), Fe, or a Fe alloy (such as FeCo,
FePt, and FeB8Fi) amEafiverpeh ofnthhstles Mbdivensnddibimes | afmdrcaiBmals are
eval uations of magnetic transfer characteristics in five concrete exanples
of the nashagnefddpddy atrehefabved etbodihent siamd ametihemsexampk®, the
(conparison exanple) of a master medi um produced for conparison. The
appl i cant Wagnetarudezdlrherqealhtjoof oni gaalls sltaansietiwd 1o antleGecamded
in slave nediunms (hereinbelow called transferred signals), as follows. 26
4 August 20b2 Ruediitya ehgbei cmeedoperd selighikdn 1S gratkete@based on
(rmanufactured by Sigma Hi -Chemcal Inc., Japan) is diluted ten

variations of the edges of the transferred signal. Ten fields
of view are observed under a microscope at magnification of
1,000X. Tﬂe 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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times, and dropped onto the slave nmediuns after signals are nagnetically
transferred to the slave nmediuns. Then, the nagnetic develdwgustsadiodti on on
each slave nmediumis 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 observed under a m croscope at magnification of

1, 00OX. Theakiardafreneds oraddcophvtangsiof Dito Hclindee Lheessceddadflp
is given to the clearest transferred signal, the score of | is given to

t he nost uRteBRfAingansf ckhedrapgusl rangsl ehe28cde 4 Omj s agidseth¢oldnes
transferred signal which is inpossible to evaluate. The observation and
eval uat i on2b¢ egehRllynsivacadebdiand i saper havaed afitdeh edth0 of bhherbmesterand
t housandt h magnetic transfer operations using the sane master nedium
Concr et e ERXhepl 8Pac¥he hesvweennedidimcentt hemoncret e gxanpl tndsi sapeodoces
in accordance with the first process of producing a master nedium as

il lustrat eBi¢ROMELGESs 3ALt oLI8D. rEvEwH slkof1020s mm. syt hetrigyigquedr t Aidiksk is
havi ng a surface roughness Ra of 0.8 nm and the thickness of the

phot or esi seré¢dupedhbrh vashfiorarehdnbakbegdibe bdrdadeprehaties bEoROPebist
Portions of the photoresist filmcorresponding to patterns are exposed by
using a | aSkimeuNekhg machine sidvent Ipd soxipasdhyiwtardsi Wi fiatmihg layer
devel oped with an al kali devel oper solution. Each 27 4 August 2004 pattern
fornmed on h#eipdiotar eghbekiessn o] Bl hiimgomeddizad | pre formed on the

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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extending in the radius range of 20 to 40 mm and the Iineg are %%gually
spaced, and each have a width of 0.5 mcroneters. The spa WYL 04N

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 thip silver ,plating |layer, and_a N plating |ayer
havi ng a thﬁ‘%ﬂné‘ssm%‘fa%O@lﬁiS‘cr%%P"é@sW&rt@ fsﬁl%e@lé&lﬂwe 13YPYi i 8PERYV efhd
then a nmetal disk forned with the plating layers is renoved_fromthe
original dfERD TRAe, ¢hkIhBdterdiskedi Thiss t hBecoRRFEEE cX8ABIE 128s the
obtai ned. The magnetic transfer is nmade_by using the above naster nedium
and the af®PRERBREI 6EAPEGalludtsS cPiainedle. The Bagashic tHfaSfiry ity Bpde
the transferred patterns obtained by each of the first and thousandth
magneti ¢ tP¥nsYRINSpria | ghOViss FgEr@Tt oMBEL VAl | oRBBl etheoneferenenbipne P
The master nediumas the concrete exanple 2 is produced in _accordance wth
t he fourthepfbBeE30oBf pProd ARy a HBsté&r IR asthel usipdidd i i g&hesA
to 6F. A photoresist filmis fornmed on a disk, and patterns are formed by
exposure wkransfeseed| i gattanBsdepbitagmedt , byn @it 18fF nemerfipstheand
concrete exanple 1. Thereafter, reactive ion etching is perforned on the
di sk to a Heprpapfthomagmetdsd $rans ey doRprashensr s sfoundr &mpver. eTHEsL
an original disk is obtained. Next, a Ni plating layer is fornmed on the
ori gi nal dpgkphgngugglgyAgéugpezggacrete example 1, i.e., allowable.

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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then a netal disk formed with the plating layer is renoved fromthe
original disk. Thus, the naster nediumas the concrete exdmpigasi2(og

obtai ned. The nagnetic transfer is made by using the above naster nedi um
and the aforenentioned evaluation is made. As a result, the quality of the
transferred,gatterns obt ai neg_bi‘\{1 each . of the first and_ thousandth magnetic
transfer opebitFRAsPREEREURAALBMpE GRS COPG TS FRAMRAR of PHFRbnERREe @
exanple 1, i.e., allowable. Concrete Exanple 3 The master medium as the
concrete XGWPREPSLIC PR¥GUCEFLINY T3E%i A§ ST nBReR¥ c @l ffeickiriheot
met al di sk groduce,d in the concrete exanple 2, where the soft magnetic

| ayer cont3fhstm5a satfifine ety LBR S Fagnatini ¢RHESs Jheomrdgnttise
soft magnetic layer is' forned by a direct-current (DC) sputtering nethod
usi ng the SPEREERT ngSappriat By "I3UHe thearBare uPedtisy AMELAN Comgt athen,
Japan). In the sputtering process, the formation tenperature is 25C,_ the
Ar sputt er?hgrepertioredigvalyatpon pg, made -t Bae msutthsowmsiovis oy ehpththe
magnetic transfer is nade by using the above master nedium and the

af or enent | BPeBREVaF LAt Lol ers URRE Doe sefitthdnagnebigi baver t fhesoirality
magnetic layer, the quality of the transferred patterns in the concrete
exanmpl e 3 ?§5 Péiq etrepgfertigd gquatteynss iRe thansiaqrataeramwd € ndthés
concrete exanple 1 or 2. - Concrete Exanple 4 The naster nedium as the
concrete ekaFprer4 AiBPr@¥Rficalamd better than the quality 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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4 August 2004 with the master nedium as the concrete exanple 3 except that
a nonmagnetic |ayer being made of Cr and having a thi cknedauglust 830@ nm i s
formed under the soft magnetic |layer. The magnetic transfer is nmade by
usi ng the above master nedium and the aforenentioned evaluation is nade.
Due to the provision of the nonmagnetic |ayer under the soft magnetic
| ayer, the qual i¥yrsef teheseEhngiagneti patiteerars s t hiermedcrat eaexanbiech
is further inproved, and better than the quality of the transferred
patterns ivafas, coheret thexsapptemgdgngrior 18ye@origr athee Examgd ei Sod hexamst ey
medi um as the concrete exanple 5 is produced by formng a Si |ayer on the
mast er medk urhspr bbacetknia Blie teonecdite BrR@npkéc?2 byyeputirerichg, edfcrete
further formng a DLC protection layer on the Si |ayer by chem cal vapor
deposi ti orexdvDy 2. TheeSi bhapbpthassasthickegsd iefd komhanbfhenddfetic
protection |ayer has a thickness of 5 nm The magnetic transfer is nmade by
usi ng t he biwer, naendr rddi upheahdréhist af dsenentponed ebgl uatdiony | smapde.
Since the abrasion resistance of the master mediumis increased due to the
provi si on ofrréepdhdipg otecthen sameerpattternai 4 akhqualdnioreafe dstnple 1.
transferred patterns in the concrete exanple 5 is naintained even after
t he t housakidlté¢r megvetlicpmendnsf portbpeeatadnth€onpaf i saradneaiid e 1byERe are
master nedium as the conparison exanple |I is produced as foll ows.

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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"30 4 August 2004 First, a soft magnetic layer is forned on a silicon

waf er, where the soft magnetic layer in the conparison exanple 1 is the
sane as the soft. magnetic layer in the concrete exanple 2. Then,. a
photoresist is applied to the soft magnetic |ayer, and the photoresist is
exposed by using masks corresponding to the sane patterns as the concrete
exanmple 1. After devel opnent, portions of the soft magngth csfYRjo42r €
renoved by etching so as to formthe above patterns. The nmaghetic transfer
i s made by using the above master nedium and the aforenentioned

eval uat i Whatds oldlaedTdie transferred patterns obtained by the first
magnetic transfer operation is unclear, and the transferred patterns
obtained by the thousandth magnetic transfer operation cannot be

eval uated. Table 1 Evaluation Evaluation After 1st After 1, 000th

Tr ansf er Tr ansfiemasisigpedisox farpisel BR megnetie tesmstemifanBamatioor eomipxiaingl 2343

Concr et eExanpl e45 ncr et eExanpl e555 Conparison Exanple 1 10 . )
metal disk w ic%? has a first rrgﬂef or recesrgppattem represneeltlng said information

and a soft magnetic layer formed on said first relief or recess pattern, 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 an original disk having a second relief
or recess pattern, depositing metal on said original disk so as to mold said metal

disk on said original disk, and removing said metal disk from said original disk,

2. A master medium according to claim 1, wherein said original disk is formed

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.
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31 4 August 2004 What is claimed is: 1. A master nediumfor use in nmagnetic
transfer of information, conprising a netal disk which has a first relief
or recess pattern representing said information and a soft nmagnetic |ayer
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 nodulated with said information while rgtQqldae base

di sk, devel oping the photoresist filmso as to forman original disk
having a second relief or recess pattern, depositing netal on said

ori gi nal 4di skAsmastertmediohdfgaisd metraignetit $tansfersei idfopmationabosbaikingaad
renoving said netal disk fromsaid original disk, 2. A master nedium

accor di ngreta dislaiwhiah haker Erst religfdororacgss glatigis kepreséotime daidonfenediiong sai d
base disk after said photoresist filmis developed. 3. A master nedium for
use in nihaea paidipaiad disk isPreducadiay r¥posiag gophalprasisd filmdeunedipsia tAseh has

vt i 48 B B 573l Bl BvSend et sl *'
di sk wi d . dul d with idinf fi '

0 ok 0 S o SRR T SRR, i AP R R TR o 2
first Orhg&iﬁg'a SLthd fsR4t Bt %gﬁa%?t%rﬁ,edépfbfsitﬁ{ metd oh Q%Btfﬁét”?rigﬂﬁaocﬁéﬁ' ng
nmetal on said first orlglnaT g’ls SO ‘as om?ld on said firs riginal

di sk a sgsagdo MY JrPdidGrst dridinadl st & 8bcohd Pﬁg?@ﬁdisgﬁatvﬁfgfa tﬁi%kﬁlart he

second original disk fromsaid first origina epositing netal on
sai d secwdssrpataral rémdkingotas seeon®! shighaalddiskt fbndisald st SaYiginate erd
original disk, and renoving the netal disk fromsaid second original disk.
32 4 Augdeposiirgymetal onrsait evecomd ianigirfal diskseo as tormypid toncsaid aesdmed odbinal
informati on, conprising a netal disk which has a first relief or recess
pat t er n digkedbisd riginal gisk havirg adeurd relief or recess pattern, removing

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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where said netal disk is produced by exposing a photoresist filmformed on
a base disk wth a |laser or electron beam nodul ated with said information
while rotating the base disk, developing the photoresist filmso as to
forma first original disk having a second relief or recess pattern,
depositing nmetal on said first original disk so as to nold on said first
original disk a second original disk having a third religfa st ®RRRSS
pattern, renoving the second original disk fromsaid first original disk,
depositing nmetal on said second original disk so as to nold on said second
origi nal 8. di s endsfer cheaiurgi acdordingktohamy nghea of abie t precedingf claims ekigter
pattern, renoving the third original disk fromsaid second original disk,
deposi t i AgMipEsig a0t mayrelic dayerdoingedhah sdidstirst celief ot cecasspadtarnl net al  di sk
on said third original disk, and renmoving the netal disk fromsaid third
original disk. 5. A master nediumaccording to claim3 or 4, wherein said

first orjginal dis formed by etchin aid base di sk after sai d
photorespst f £y Mas fd@@@!%@&coﬁnﬁtﬁﬁﬁ'&‘rgnﬂﬁﬁﬁh%&!‘ﬁ%ﬁ'ﬁﬂ@ugﬁ PQnmaﬁnﬁ'Q 4
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nol d said second original disk on said first original disk, |nstead of
depositing metal on said first original disk. 7. A naster medi um according

to clai mg, or AapESted nitilip efdc@f&hgt@bla‘ﬁn‘@@ﬁg WReRM 85 m'aah&.&ayéf?efe' n

said third original disk is formed by pressing a resin solution on-said
second ohagiartbickaeskof 80td Bgo . d resin solution so as to nold said third
original disk on said second original disk, instead of depositing netal on
said second original disk. 33 4 August 2004 8. A master nedi um accordi ng
to any one of the preceding clains, further conprising a soft nagnetic
| ayer fofhed Hnmegtes meﬂw rascPeting fto ranyeese mftther preceding claisnsr wheinim

accordin claijm 8, ff)e conpri sing a nonmagneti c
gald%ase isk Is ma ass orrr%uartz J J

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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| ayer fornmed between said soft nmagnetic |layer and said first relief or
recess pattern. 10. A master nmedi um according to claim8 od Agusiizd0di n sai d
soft magnetic |ayer has a thickness of 50 to 500 nm 11. A naster nedium
according to any one of the preceding clains, wherein said base disk is

made of glass or quartz. 12;pA 3§§%Hebﬁn¥ﬁﬁj PELOsEERg to any one of the
sal IS

preceding cl ai ms, wherein ori gi nal 1S nmade of a nmateri al

containing N _asya jaipepOTRORERh: 4ds A BStEL rmggﬂmsw{;%ng;tggrgnﬁaone

of the precedlng clarns, wherein sard first reI récess pa s a

hei ght or gﬁgkgmgftl%% thacfl c%%eralﬂie alangls% /] ﬁon}?%%f%lr(e asl,tboﬁgTXe%ne

of the preceding clains r|S|ng a
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original disk so as to mold the metal disk on the original

disk; and removing the metal disk from the original disk.
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