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' BACKGROUND OF THE mmm“m“mm Field of the Invention 5 This invention
relates to a nast n carrier used for static and areal | unp-sum
recording of digital i#«de@esmati on signals on a nmagnetic regqrdingopedi a. 2.
Description of the Related Art 10 A magnetic reading andﬁgepgosguc?%g

appar atus has been increasing in recordlng density to realize a small size
and | arge capacity. Espegjisd ' rd disk drive as a
typi cal nmagnetic recording e%fi{ge, an arelq recorc}ﬁﬁg density of nore than
several gigabits per square inch is already available on the market.

Furt her MCHC&?(‘)U‘I\EQ@F'THEWNTI@N ten gigabits per square inch is 15

expect ed :'Fg‘? 8%‘?1@‘! One of the primary factors that has enabl ed such
hi gh redo ‘fequoél the increasing linear recording density, due to

irrprsverrelnt S @Fhlﬁhibelmioﬁrl‘ﬁlhﬁbé t@ﬁ)nehﬂ@ﬂnﬁbﬁﬁ:jlﬂldﬁ SdrrRe AsPR KrdtARNERd andI a
new si gnal _processin uch. a artia sponse wever. recently
the rat dier G SYodSepeat kAL fitprBation eoal Graasele TE g or di ng
densi t y,medittmi.hus becones a primary factor for increasing areal recording
density. Practical use of a magneto-resistive type head, which is superior

to a conventional inductive type head in reproduction output perfornance,
has contd.iDescxdption of the Belageddst i n t he track density. It is possible at

preggnt to re y, a few
m c?gns 26 wi ?ﬁn@a@gag?k?@gg Iteli)|ci)l((r;dail(:c‘tﬂ};% use %%‘léssl%e rrlam%éatsgigr esi stive
type hed@condin ﬁ@immtolrg 7@@@!@51 sigaand langg crpagitye h Eﬁppclallm@w £he

sub- m cripdd bfaGard alékfmm@aé a&}‘ﬁﬂﬁhnﬁbﬁélﬁb Wicbilihy dbties, dMe@Y%E@Nm@f t he
head pesciorga%&m f‘rackl n seréc% t echni que i.s. | npor{ ant fﬁf head to
read a ¥ AhIGTe fihgh SeY ey o PEE BaTeAgChhisaireadyAvaliahle.pther o\
track Enarleetarrﬁ‘hethea adtareahyeeotding density df dingigdldts mmardnatchase | ocat ed

ede r i nterval s over 360 degrees. In those areas
|nf ?nat%%ﬁaéﬁgﬁﬁgggggﬁ$acklng servo signal, address and clock signal is

provi ded (her édneof the prishary &ttors thet has enahledsugh highmegonding demsity isan scan
a track dpy ﬁ&%ﬁéﬁg 15160 rééUr %%Hu@ E@ﬂﬁﬁ%g%ﬁgs cgferf\}é&‘aﬁ and

nDnltorlng an rectlng SIitl e-nenti oned
t r acki n@r9§9w85hgafhdlskaa§ﬁr&@m rEiaRcR, Adhapwaianalpraeespigapeiiod signal s

for the éi@ﬁchst"gaﬁ@:ﬂri'eépéﬁs@k Hb%{r&elleiéent-ff'ﬁﬂeefélé of ifkk&ite SR tfé?,‘ine‘i'ls 5' tions

are reqU|re r . these |nfo t|on rrent ref or
Aug @t tg’@F a ea}rrﬁeﬁo ﬂnﬂf’% %I]I%St%blé g#' gﬁ ?ﬁoﬁﬁ)rmag netic
heads p I mcmism'g dreal feeortidg sllensilty v ePizytiosl wig of asnmgxmb-remsbrm typadicad,

ecor 0! AL ATl oﬂaaahagm Bkt hheaatlﬁ effodtcliffoutitt

above- mentione recor usf ng
recor di meprégprancekasconteb Frte(beIB@mgl@SS Hbthed'ka ityi r $eispossibleati s due

to the fTaekedf1dlrehd h%&gﬂa ﬂ@ﬁ?”ﬁﬂ&k @/ﬁhg\@ﬁfiﬂ&% al) fitfdt 6{1§r dé E%Y]ﬁﬁ&‘ahg' ng

nedlun1|s necessary recor magneti c h I's_fact means

t hattda sWHEiERA |SéN|r9t1p$>arg)r.§e?1m4d1sr%§ the maig@atorresasmbweﬁw%@ad edOPEhely. | n
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along with further improvement of the head performance.
A tracking servo technique is important for the head to read a signal with

high S/N ratio by scanning precisely such a narrow track. For example, a

30 conventional hard disk has areas that are located at predetermined angular
intervals over 360 degrees. In those areas information such as a tracking servo
signal, address and clock signal is provided (hereinafter referred to as
‘preformat’). A magnetic head can scan a track by reading such information at
predetermined periods, and monitoring and correcting the head position.

35 The above-mentioned tracking servo signal, address and clock signal are
to be reference signals for the head to scan a track precisely. Therefore, precise
record positions are required for these information signals. Current preformat
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10 Thus, the cost for preformat recording is quite high. The second problem
Is that due to a space between the head and a nmediumor due to a diffusive
recordi ng magnetic field caused by a pole shape of the recording head, the
magnetic transition at track edges of tjie recorded prefor ugdsgg%zs | acks
steepness. In a current tracking servo technique, the head position 15 is
detected by the anobunt of change in a read signal anplitude when the head
m ssed a - ¢ ks ' d

pert o mare Py in1PA Ba Risk 18 poEHEE e AUV RS AaB AR Al didlin the
head ni sberd disk drivechy using agsperial sewvortsadh mosndingppparatusiafied inggalingyai nst
this reqyhd 8iskThto 8d4vRIS, makes it difficult to realize a precise

t racki ng servogﬁ)gchni que that is required for a. 20 syb-mcron track
recording. In &bov%-%twe@%emrmmwnww a fRedial serer-tredkt
recorsli ngeodir@ingeappRgaRis tashwath prbdRanNese fdlRivek. open Pat ent Appl i cation
(Tokkai Hei) 1040544 di scl oses, a n ref ormat, r.ecordin chnique. In the
di scl osure, a mESY ¥Stipﬁ$lglPWaltsid6’r‘? t8?ﬁ??%& tﬁsﬂg?‘?éﬁaﬂ°é(e§§8§§?€‘¥%e%§\?i ng an
enbossedhpad adrithe medording 13&6dipme enasdssat doprecorting sith tepmagseetiohddde

pr ef or magpy: ' ' . ' f the
enbossedtrp})%ﬁagﬁ %Pefa? gE%_%léggﬁt%aﬁgﬂlg?n@&%%}?%@{r?&%gﬁﬂgﬁ f%%?.. y contacting
the surf geeording: hén addition, the spesialiservatanek secording apperatmstia expesisive.

Tagng | CTHARONY B R PrufBkARE rafplitind gRitgRERRL i C field, the prefor mat
information i s_yecorded io?) the magnetic recordi ng medium as a, 30 nmagneti zed
pattern corresg'r&‘?cfﬁ%lqw anthatdue tea snach bepween thepadand@ di scl osure
of Tokkaimddehmlé ik diffubiierebRdg inhgietie feR caiRBR BYia\hlé Beapy Titheded
portion of a,ma terd#nforrratl.op carrier surfaége | S Ha?net ?zfgd%ﬁttx tt];re
bppl i ed RRGFEMEeAT e Magnetie brandition st PRy Akss Ot PR FerOyRSEPIA Y om ¢ ne
magnet i z signiads lackm gieepnessiraie ai calrrertt heacking sérvoddclpdytierthe Mead posiéi®pondi ng
to t e g . | . ' ' Thus,
the Dfef (ﬁ?ﬁ%ét?@%giﬂ%?%gn%@ﬁ%%ﬁ%%f?%5%%?8@%%%3&??@%%?&@@% L met i on

si gnal , Dpugspdd teaeksi Therefenedths systensirgauires p steepfEtragk pprigonagea, e 22
August 2QAgcle maﬁ&méﬁﬂrﬁn Hﬁ{&%h‘&ﬂg&é‘ ghaply 86 ehhedd'misHRe tRE track.

i nf or mat Lon rrier. I'le relati el novenent between .t he head d the

medi um i é[%ieéﬁﬁl-‘?‘éfﬁ rmrgwgrmeﬁw% gldactoagalpgt ﬂrwnmmw*aaﬁézﬁvs,t he
techni quenaifesTORifAtultied reblid0 adsretise etk &irl @ esthbiq tHadid Feqaitéddbea!

| umpzsum_recor di n tgat dees not 5 require relative novenent between a

mast (3 iﬁ’flﬁ'mf‘?lbﬁaﬁ F?‘?oéﬁm%d a medium As a result, the technique

di scl osed i n t fir orddreioenlve the abevenwrtioneflfproblems ihqrefarmap retsirding r el at ed
to prefo I | S oy ' rgkiheapr ef or mat
recordi néﬂﬁfgagﬁ%@%egiﬁ[}% glaf ‘;5@%%8%%&{3?%%%}3& ?Mﬁg?ﬁ%if(&al}l%ﬁggi ng a
magnet i ¢ 4Q844 disclpsggiainewaprefammatgseordingterhniguey o In the Risclosuraliaigastepar at us

IS not nesREHALYNicArrier &ﬁ%ﬁﬁsiﬁ@%ﬂ édljé&a‘ﬁ@ Bh{rﬁitg o eﬁaBSsd&%ﬁérﬁ ongefh
e di scl ose

Therefore, the techni i.n . the ref'erence can i nproye fhe
pr odgét i W?@artﬁfl- tﬁgeé’g b ferres &Pﬁéea orraat OB%H%ﬁ g@ﬁi/cdé't S.
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LT bet weehefitad btk ke Fagbetintd R i taatirial. iaadAgbeifeddiaetfin,
medi 8f t eosresporedingéo thmermbossed tsneface idwartordednont & magressueeording he _
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carrier conprising’ . ) i ) )
information signal, read clock signal and other signals is achieved by using the




substrate on which an enbossed pattern corresponding to information signals
Is 30 forned precisely by neans of photolithography or the |Iike, and at

| east the protruded portion of the enbossed surface is nade of a
ferromagnetic material. The master information carrier ver Il be
subj ected to partial stress intermttedtly and repeatedl& %%ﬁb
preformat recording is perforned fromthe process of sucklng air between

th t f tio d di. sks .35 b ted t

cont act EhRsPeS BRPEFY Terdatel o o BHTEAcH ahe faasier SYPRBERER By o pher o, by

g5| ngf t he recmuage@mrmbm&?tshdtmed th@h&@&btﬁﬁthlemékﬁuﬁﬁﬂii@ §uired 4 29
ecifi erromagpeti ¢, materi e ion
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serious, rec st gnal's st or S Wil be
darmaged. ‘Asa result.dhe dec rhqgeadxsal@ssd in the redenenee isgenenally effediverforthedi scl osed

in Tokkaprob%slfbjgga% ﬂrgﬂwn%g%émr%vmogwgbl lity. The master information
carrier is re eg%q aIIO\gg Itio ood r ef or mat e 110 Wi t hout
| 0si ng recordl sty Qr%g'g etl?)"e%'gl FEOIRE 1§ lanti T'mast er
i nfor natafmmredeo th@gﬁbﬂ ahaystirag glmagéétic‘leeadoedﬁlﬁdnﬁm an é}?)eﬁﬁﬁvept s the
r of recorgdings.that can e.made usi t he nast i nf.or on
Car e SeBSARY EROIRE RRRRICIS Hok ROFeRe b O PESda0DeaHEREPBRErP gPEb! o
of convenagoetat heat hriThprefore,theitechmiquépisclosed in thesrdferemce camunp;'qneovi de a
ong-1i fige fﬁi}ﬁaﬁ&lﬁ%%ﬂé‘ﬁ?r@f&&%% AdDreR B EEEhIERI Qb 11ty for the

repetition®or reco teps 1 nvo | pressure-con a _magnetic
recordi ng nedilgeendly; pisparcegan belrasn; I@astarrrﬁgmatlpm@ma nshthearri er of

thi's i nvagkhétic #b%SEHJB méEAGH eaxme hhiRhi7B4 ) ﬁﬁc@faaménﬂﬁeﬁaeﬁeaeﬁéeﬁ
rec d| ng nmedi u %qllies a gn tic substr tter

fer 1 18 qabr GF Tegorg: % YRgtien §’6Pa{ace1ncﬁ ﬁzo magnet i ¢
substr atmoxtdirﬁg paignetie field fo@&pmdi@ddes b dafffi &) g@ﬁk@&h@bnbh art wéiagamt i on

Feapoct IDERHERERBET nobe. e thenbr R B oo B 5o L e
conf i gurprefomaifsigied 1srampmompmdmmt}dsheafec¢ndmg mithem magmetisdealor 25
recordi ”ﬂusréfn%_ﬂ&: g cPdﬁQ;?é‘élén Bfé‘ Sseg'}féaﬂ ﬁ%é’dlﬁgtd? 2FOfFB Ses a

non- nagnetic su I n sur ace a pattern of
recé’é)secﬂ&?dﬁﬁg‘éﬁﬁc’&‘iﬁ gﬁﬂmﬁ“@ to an arrangenent of the |nforrrat|on

signals, and ahmfer@@iearie&dralﬁg p¥Ockdd dmmsﬂachmquéem&aa@kewﬂomaﬁoﬁf sai d

pattern. Athird aspect,.of th S|n nt i ri ses
Panuf aci G 2h0 AR E SO rRE RGP B DB GHR ALt B SRl OHheR e st er
i nf or mat seearelpmndamiforndy dverga larganyeaf Tildiaidel 1020666 diecloseataact Wit h

the TRONGl G EeAD SR, 200 ARPLILDRLALIPINRIL foldiShdr BREDY. € he

magneti c 'recor S record ern corresp ndi ng
t he 2%at t @ir betwearctheomaster infermationrcavrieman hhe:magmetlc recording medium to

secure the contact between them with the pressure of the surrounding
atmosphere.
Tokkai-Hei 10-40544 discloses a master information carrier comprising a
substrate on which an embossed pattern corresponding to information signals is
30 formed precisely by means of photolithography or the like, and at least the
protruded portion of the embossed surface is made of a ferromagnetic material.
The master information carrier, however, will be subjected to partial stress
intermittently and repeatedly when the preformat recording is performed from the
process of sucking air between the master information carrier and magnetic disks
35 being repeated to contact them securely under the pressure of the surrounding
atmosphere, by using the recording apparatus disclosed in Tokkai-Hei 10-269566.
Specifically, as the ferromagnetic material at the protruded portion



_4a 22 August 2002 According to the present invention, the enbossed pattern
of the ferromagnetic filmis protected by the non-nmagnetic material, and
the edge portion of the ferromagnetic film s pattern is hardly chipped.
Therefore, the master information carrjer can have an i”@ﬁ%ﬁgﬁ’st%bﬁibi lity
and a long life, i.e., the nunber of tinmes of recording per oOone naster
information carrier can be increased. As a result, the technique for static

and ar eahntddPgHEEERA $opihtEdI9 ek $he m&%}@ﬁkaﬁsﬁ?ihelﬂ- égrfe%ﬁd Tokkai - Hei
sti]l To h I

10- 269566 can, be,_conducted at i r cost. wmth a sti her
pr oduct ipteyial Wﬂ;li)e/sgaqu e@dzgﬁnrcgbse)@smam@h@nbpﬁsedmms at 1 is

a cross theehippmag of iiR\Vfest tid ARl befJrRéd Sricus, SR fdcBFdiag 8ipghalde

di rection,qf bit I&n%hl Lt eflr.tb odleHent of the inventron: 5 Fig. 2
is acrd@gl%ee]@ﬁ?fn € PRENFLG &""i €80nf ormati on carrier along the
di redti on of Hntvi¢wnftheserfactsytde mbsten inforinatiohicastiercdisddsedin Tokkdihe

. eligiiy=toagin ; > b ' Sy .
carror oA relplrds R aren SESHURST The HoSeE B B Shiten ' Of e
i nvent i arquiFed to allow repetitien ofgwd prefirmatancarding witheublosing racafdingat i on
carrier ﬁé@aggoﬂﬁgﬁﬁge € ERS hapRefll dRiKs i.é”ﬂiéhﬁ&e&?ﬁfo&ﬂia‘%n%ﬁ?ﬁg# ment of the
I nvention | a cross sectional view show ng a master 1.nfornmation

carrier saioykiﬁé\rpea lnngdife; becayse bhe lifecaffacks the number of resardings thatiany d

embadi My mafe Lbihg theanhétePinfoifiatibn crercr 0ss sectional view showi ng a
conventional master information carrier along the direction of bit |ength;

and 15 Fig. 7 is a plan view showing an exanple of a pattern of a
f er r oraBEMMARY OF THEEINVENTIOMNt er i nformation carrier according to the

xampl e of 5 dBNReY TR ghovsreHom i pRIaRF ot v RRh e i, ifag 00" "
mﬁs ter iarf ehjeettaf shisdnyentiorcty mqvig.det olangdiformeagar infoxmaatipn earrfer kavingur ef
o, et A aBIY fortheepetifitn LPreSrdifg S niBvinPp EhBafBAaR, O

magneti c recordi .ha
i.e., t Heith aJuRENEte Fecarding i UWhf the disk. The preformat area is

di sposed at aApiredeinGgifati®n ofaghdsast infotredtioal caddie@nd this Einvantion mikey font | al
direction of the disk, j.e., 25 the,track length direction. In Fi.g. 7,
areas deferoidmeppfopnasion signls au a maepeticyasriding RN TR ISE%A DSt & ar eas
10 i n t hQbeRac) l pattefeSOte b @gn¥RE A dhichlis URPOJHIdAGhE BRTAEB St e hdH-Or Mati on
sigal. In the real master information carrier, such master information

pat t'er nsmagnstip substiatey they pattesn djosiseppading t togarp pErargemeni AE dheigonmationnt er val
and 1 alibndd: 35l QR IabARiCOPMEEERAT HIQ0 iR pBRIAL bORCHRAN HspbsifiE

recordi ng-di sk. The master information pattefn conprises a tracking servo
si gnal anaighboting fermomsghetisifms ForapasingXbe patgrraddr ess si gnal area 13 that are
di sposed sequgnil ald ¥oeRRdoh ¢ thé %ﬁ&%{e?'i[lﬁ)%bt% gﬁtlﬁp?W%nfti& 'ﬁbeﬁi- fof - The
mast er information carrier according to the present Tnvention has a pattern
for %d wiet drdimgfisfornmativg signals oh ialnmgnetic recording medium comprises a non-magnetic

substrate having an embossed surface that forms a pattern of recessed portions
corresponding to an arrangement of the information signals, and a ferromagnetic film

filled in the recessed portions of said pattern.
A third aspect of this invention comprises a method of manufacturing a magnetic
80  recording medium comprising bringing the master information carrier according to any of
claims 1 to 14 into contact with the magnetic recording medium, and applying a magnetic
field, whereby the magnetic recording medium is recorded a magnetized pattern

corresponding the pattern formed on the master information carrier.



.35 to correspond to the disposed information pattern. Each rectangl e nenber
with hatching is made , for exanple, of a ferromagnetic film In the
following first to third enbodi nents, the areal configuration 22 August
2002 exenplified in Fig. 7 can be prOV|ded respectively. 25253t di ment
Fig. 1 shows a cross section of a naste?'lnfornatlon car a first
type configuration in the bit length direction (track length direction)
taken al ong a Acdqliding antlel preseft AiventionEitlg:. enfbossed ﬁmmoaﬁgmetb'mmﬁgdem 1 with a

fine enbogsed patte is formed on a n n C substr n recessed
portions gﬁ“ tSI%OtEﬁffLE%@& ngAagRsHC Rateial @gag%% Rattiog l?erﬁe'fomﬁg

non- magnefiing s ptdrAl lmr&rylchippzdl Thérefor€dne Malter RIFRAUSH SarfiG0AAMHavOBRI MaSt er
information carrier disclosed in Tokkai- Hei 10 405446 for conparison with

Fig. 1. |imnproeedcorabdity peshalongtigrpee thenwmber of tiep ofgecording perrpieanasier | s
filled in, f s

ferr omagneﬁ}gla %ﬁ&%ﬁgé té]‘%ge{agerdolﬁs;%%ﬁ%t i on @grcﬁgtf&%ﬂg\%nﬁd%ﬁ&l llugr;np 6 can be
formed, feam emnq]hga dnsblpscdiepo?foltkanglea 10-d05 Hmanrh diokiaifHef 0268566 cpl dmar

non- magnet i str | h esist filmthereon, then
exposi ng %’§“§8v§|ogﬂﬁ°wr°°s g@%ﬁ@ﬁ?@% %@ngﬁngto be enbossed in a pattern
corresponding to digital |nfornat|on signal s, and subsequently carryi ng out
a dry-etching such as an ion-mlling to forma fine enbossed pattern on the
ferromagnetic film1, followed by renoval of the remaining photoresist
film. Wen the conventional master information carrier shown in Fig. 6 is
20 repeatedly used for recording on magnetic recordi ng nedium parti al
stress is applied repeatedly and intermttently, especially to the edges of
t he protruded portion of the ferromagnetic filmsurface. As a result, the
edges of the ferromagnetic filmpattern will be chipped gradually, and the
accuracy of the enbossed pattern will be |lost. Wen the chipping of the
ferromagnetic filmis 25 serious, the recording signals nmay be lost in the
end. In the master information carrier with the first type configuration
shown in Fig. 1, the edges of the ferromagnetic film1l are protected by the
non-magnetic solid material 2. Therefore, partial stress applied to the
edges of the pattern of the ferromagnetic film1l when the naster
information carrier is contacted securely 30 and repeatedly with magnetic
di sks for recording by using the atnospheric pressure is relieved, and
thus, the ferromagnetic film1l can be prevented from being chipped. As a
result, one master information carrier can be used for the recording of a
consi der abl e nunber of disks conmpared to conventional master information
carriers, and thus, the life of the master information carrier can be 35
extended. The master information carrier with the first type configuration
shown in Fig. 1 can be nmanufactured, for exanple, by the follow ng steps

of : 7 22 August 2002 depositing a ferromagnetic film1 on a planar

non- magneti c substrate 3 and applying a photoresist filmthereon; exposing
and devel opi ng the photoresist filmto provide an enbossed



pattern corresponding to digital information signals; 5 forming a fine
enbossed pattern on the ferromagnetic film1l by a dry etching such as an
ion etching, using the patterned photoresist filmas a nask; dep05|t| ng a
non-magnetic solid material 2 by any application techniq d t§(§()2vapor
deposition including sputtering and vacuum evaporati on, %ﬁ %5
spin-coating; and 10 renoving with a chem cal solution the renai n| ng
photoresist filmand a extra non-nmagnetic solid material |ayer deposited
t hereon. The chem cal solution treatnment can be replaced by mechani cal

pol i shi n@RIEF DEMRIRTII@MOF TEIR DRWE[NGS stress applied to the

the Terromanetit Tt Hsd Rk IE] iw Sbvlink Aabalide BIGHARL Fotzice AlohEP' "0
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materral used as the non-nagnetic soll
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t hle i nterf aceI mgg VR ¢ross é@dtroﬁahﬁahwtslmmngdermaétei?ﬁbﬂnhﬁen m}gmimgaﬁgl c
soli ¢d,materia b r t [ rf.ormance of the nmster
ot offint ik diteeffon pf bif Tenetfi3h 3RS ehind o FOARLRCOARE iSLARNGE OF, (NP TESLEr
Fe, or an al | ofig.dnisra gosgsentionhl viewedwwing almastehinfefmation saitieatnleng
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pressure is relieved, and thus, the ferromagnetic film 1 can be prevented from
being chipped. As a result, one master information carrier can be used for the
recording of a considerable number of disks compared to conventional master
information carriers, and thus, the life of the master information carrier can be
35 extended.
The master information carrier with the first type configuration shown in
Fig. 1 can be manufactured, for example, by the following steps of:
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according to claim 10, wherein said ferromagnetic filmis nade of a
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vapor deposition including sputtering and vacuum evaporation, or plating; and

subsequently
removing with a chemical solution such as a remover the remaining
photoresist film and the extra ferromagnetic film 1 deposited thereon. The
30 chemical solution treatment can be replaced by mechanical polishing.
Alternatively, the chemical solution treatment and polishing can be carried out at
the same time.
Similar to the first type configuration, a thickness of the ferromagnetic
film 1 is preferably matched with a depth of the recess of the non-magnetic
35 substrate 2 in order to minimize the surface height difference at the interface and
to flatten the master information carrier surface at this portion, for minimizing the
partial stress applied to the ferromagnetic film 1 and maximizing the effect in
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10T <10%%Bté?§ff&r?ﬁ/§t‘% %i_g%als is formed on the non-magnetic substrate 3 to etch

the non-magnetic substrate 3 by using the Cr film as a mask. When the non-

magnetic substrate 3 comprising Si or the like is processed by reactive ion etching,
25  the Cr film is remarkably superior to a photoresist film in selectivity. As a result,
the Cr film functioning as a mask can be thin compared to a photoresist film, and
thus, the pattern can be formed with improved precision. When a Cr film is used
as a mask, the Cr film and the unnecessary ferromagnetic film thereon are
difficult to remove by treating only with a chemical solution like a remover after
30 forming the ferromagnetic film 1. Mechanical polishing, or chemical polishing
such as chemical mechanical polish (CMP) should be conducted.
Third Embodiment
Fig. 4 shows a cross section of another master information carrier with the
second type configuration in the direction of bit length (along a phantom line A-A")
35 ofthe ferromagnetic film pattern shown in Fig. 7.
The feature of the configuration shown in Fig. 4 is that the cross-sectional
shape of the ferromagnetic film 1 in the direction of bit length is a substantial
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of the trapez01da1 cross section. Particularly, the flux leaked from the vicinity of
10  the upper edges to the master information carrier surface contributes to the
recording magnetic field into the magnetic recording medium. The recording
performance of the master information carrier is affected by the intensity of the
recording magnetic field generated by the ferromagnetic film 1 and also the
magnetic field gradient in the vicinity of the upper edges at the ferromagnetic film
15  surface.

If the upper side of the ferromagnetic film 1 is shorter than the lower side
in the cross section, the sloped sides of the film’s edges will face to the surface of
the master information carrier. In such a case, leakage flux generated from these
sides will reach the surface of the master information carrier and act as a

20  recording magnetic field, resulting in the lowering of magnetic field gradient in the
direction of the bit length in the vicinity of the upper edges at the ferromagnetic
film surface. Inthe embodiment shown in Fig. 4 where the upper side is longer
than the lower side, the sloped sides at the edges of the ferromagnetic film face
toward the substrate (the lower part in Fig. 4). In this case, the leakage flux

25  generated from the sloped sides cannot easily reach the surface of the master
information carrier. Therefore, at the interface with the non-magnetic substrate
material in the vicinity of the upper edges, a steep magnetic field gradient can be
constantly obtained, and thus, excellent recording performance can be provided.

Moreover, when the upper side is longer than the lower side in the cross

30  section, the magnetic flux is considered to concentrate easily at the upper side
rather than the lower side in the vicinity of the edges of the ferromagnetic film 1 in
the direction of the bit length (the lateral direction in Fig. 4). As a result, leakage
flux from the vicinity of the upper edges is increased compared to ferromagnetic
films with rectangular cross sections shown in Figs. 1-3, and thus, sufficient

35  recording performance can be obtained easily.

In a master information carrier having the first type configuration, a non-
magnetic solid material 2 should be filled in the recessed portions of the
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Fig. 5 shows an example of a master information carrier basically having
the configuration shown in Fig. 4, where a hard protective film 4 is further formed

10 on the surface of the ferromagnetic film 1 and non-magnetic substrate 3. Similar
to the first embodiment, a master information carrier with this configuration can
have a longer life due to a hard protective film 4.

Durability was evaluated for the master information carriers with the
configurations exemplified in the first to third embodiments and a master

15 information carrier having the conventional configuration shown in Fig. 6, by
repeatedly recording signals with the recording apparatus disclosed in Tokkai-Hei
10-269566. As a result, the master information carrier with the conventional
configuration shown in Fig. 6 had a loss of the signals after about 5,000 times of
recording. Signals were not lost even after 50,000 times of recording for the

20 master information carriers shown in Figs. 1, 3, and 4, or even after 100,000 times
of recording for the master information carriers shown in Fig. 2 and 5 of this
invention. This evaluation showed that the configurations of this invention can
improve the durability of master information carriers and provide a long life
regarding the number of recordings.

25 This invention can be applied to various kinds of apparatus. While the
above description is focused on applications of magnetic disk installed in hard disk
drives or the like, this invention is not limited thereto but can be applied to
magnetic recording media such as flexible magnetic disks, magnetic cards, and
magnetic tapes or the like to attain similar effects.

30 With regard to information signals recorded in the magnetic recording
medium, the description of this invention is focused on preformat signals such as
tracking servo signal, address signal, and read clock signal. This invention,
however, is not limited thereto but can be used in principle to record various data
signals and audio and video signals. In such a case, recorded magnetic disks can

35 produced on a large scale easily by using the technique to record on magnetic
recording medium with the master information carriers of this invention in order
to provide them at a low cost.
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5  ferromagnetic films which is disposed on the surface of the non-magnetic substrate,

the pattern corresponding to an arrangement of the information signals; and a non-
magnetic solid material filled in portions between the respective neighboring
ferromagnetic films composing the pattern.

2. A master information carrier according to claim 1, wherein said non-magnetic

10 solid material consists of an oxide or a metal or comprises as a main component the
oxide or the metal, the oxide and the metal having a low solid-solubility with the
ferromagnetic film material.

3. A master information carrier according to claim 2, wherein said ferromagnetic
film is made of a material selected from the group consisting of Co, Fe, and an alloy

15  comprising Co or Fe as a main component and said non-magnetic solid material is
selected from the group consisting of SiO,, A1,0;, Cu, and Ag and an alloy
comprising Cu or Ag as a main component.

4, A master information carrier according to claim 1, wherein said non-magnetic
solid material comprises a polymer material.

20 5. A master information carrier according to claim 4, wherein the polymer
material is formed by diluting polyimide in a solvent to prepare a polyimide solution,
spin-coating the polyimide solution, and curing it with heat.

6. A master information carrier according to claim 1, wherein a hard protective
film is formed on the surface of said ferromagnetic film and said non-magnetic solid

25  material.

7. A master information carrier according to claim 6, wherein the hard protective
film has a thickness of 20nm or less.

8. A master information carrier according to claim 6, wherein the hard protective
film comprises a carbon as a main component formed by sputtering.

30 9. A master information carrier according to claim 6, wherein the protective film

is conductive electrically.
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recessed portions corresponding to an arrangement of the information signals; and

5 a ferromagnetic film filled in the recessed portions of said pattern.
11. A master information carrier according to claim 10, wherein said
ferromagnetic film is made of a material selected from the group consisting of Co, Fe,
and an alloy comprising Co or Fe as a main component and said non-magnetic
substrate comprises a material selected from the group consisting of Si, C, Si0O,, and

10  Al,0s.

12, A master information carrier according to claim 10, wherein the cross section
of said ferromagnetic film in a bit length direction of the information signals has a
substantially trapezoidal shape with an upper side at the surface that is longer than a
lower side on the substrate.

15 13. A master information carrier according to claim 10, wherein a hard protective
film of is formed on the surface of said substrate and said ferromagnetic film filled in
the recessed portions.

14. A master information carrier according to claim 13, wherein said hard
protective film comprises a carbon as a main component formed by sputtering.

20 15. A method of manufacturing a magnetic recording medium comprising:

bringing the master information carrier according to any of claims 1 to 14 into
contact with the magnetic recording medium; and

applying a magnetic field, whereby the magnetic recording medium is
recorded a magnetized pattern corresponding the pattern formed on the master

25  information carrier.



