1 SPECI FI CATI ON MAGNETI C RECCORDI NG MEDI UM SUBSTRATE
AND MAGNETI C RECORDI NG MEDI UM FI ELD OF THE | NVENTI ON
The present invention relates to a substrate to be
included in a magnetic recordi ng nmedium and a nmagnetic
recording nmediumutilizing said substrate to be

i ncluded in a magnetic recordi ng nedium and
particularly relates to a substrate to be included in
a magnetic recordi ng nmedi um enpl oyi ng a non-nagnetic
substrate the surface of which is conprised of resin,
and a magnetic recording nediumutilizing said
substrate to be incl udBBECRFECABEPBti c recording

medi um BACKGROUND COF THE | NVENTI ON There is a
tendency that a recording capacity of a magnetic
recordi ng device such as a hard disc drive device is

MARHESEEC R FRUORDE NG MEDIUM SBETRATY: NENMD) othGNETI® RECORDING
brought in practical use.

MEDIUM

FIELD OF THE INVENTION

The present invention relates to a substrate to be
included in a magnetic recording medium and a magnetic
recording medium utilizing said substrate to be included in a
magnetic recording medium, and particularly relates to a
substrate to be included in a magnetic recording medium
employing a non-magnetic substrate the surface of which is
comprised of resin, and a magnetic recording medium utilizing

said substrate to be included in a magnetic recording medium.

BACKGROUND OF THE INVENTION

There is a tendency that a recording capacity of a
magnetic recording device such as a hard disc drive device is
increased and a vertical recording method is being brought in
practical use.

This vertical recording method is a recording method to
record by vertical magnetization against the interior plane

of a recording layer of a magnetic recording medium, and is



This vertical recording nethod is a recordi ng nethod
to record by vertical magnetization against the
interior plane of a recording |ayer of a magnetic
recording nmedium and is 2 capable of recording at a
hi gh density. However, in a yertical recording nethod,
there is a problemof a recording failure or a
reproduction failure due to a witing action on the
adj acent tracks by side fringing generated fromthe
side surface of a magnetic head in the case of a
recording density of not |ess than 100 Gbt/in2. |
cag@etef of eregosgingl pEdadhighet8nfREY um HPER E haf terd
referred to as "a DT nediunt), in which a groove is
vetbigel atongdihg vetbodf etbatrealisdir pepbdamopfaa recording
magneti c recording nediumand the inter-track is
faphysecalkl ¥ sepacatediby Sandnrsagdonet toi agwreging Gation on
non-recordi ng region) where witing is inpossible, is
th@raeg§@en£fega@kgnayesiaef@&;hgiagtgeheeaeuaemkamltaedside
2). According to this DT nedium 1t is possible to

suﬁ%ggg ggech Hégﬁgggg hBak QQteh@r@aﬂgiEEe? kBcbRBing density
adj S

acent trac y mstake at the tine of recording,
tha% gata b e g ut.fromthe adjacent tracks by
of fitta gsgtgﬁég ?Pheé F9%g foduction and that out put
! bl ! P
power reduction due to_a S|anal noi se enerzﬁed b¥
megnBRFEEEPER bRnEOaFAEhedr BLBFHPRG BPEBHgeNShALRRRYST
probl ens characteristic to a magnetic recordi ng nmedi um
refavrag Bohpgh“deRSi npdiuwd) di 4§ vApSHi B OycexR pE formed
avoi ded. 3 Pat ent document 1: JP-A 5-28488
alfbhegr ehaattecymiPrAntehér ditreciapanefeaPapgnetic recording
Publ i cati on Open to Public Inspection No.)
medium and the inter-track is physically separated by a non-
magnetizing region (a non-recording region) where writing is
impossible, is proposed (for example, refer to patent
documents 1 and 2). According to this DT medium, it is
pdssible to avoid such problems that data are written in the
adjacent tracks by mistake at the time of recording, that
data may be read out from the adjacent tracks by mistake at
the time of reproduction and that out put power reduction due
to a signal noise generated by magnetization bent at the
recording bit edge, whereby problems characteristic to a

magnetic recording medium having a high density recording

capability can be avoided.



Pat ent docunent 2: JP-A 2005-293633 SUMVARY OF THE

I NVENTI ON PROBLEMS TO BE SOLVED BY THI' S | NVENTI ON

However, a substrate of a flat plate form non-nmagnetic

material is utilized in a conventional DT nedi um and

it 1s necessary to accunul atge a soft magnetic | ayer

and a magnetic |l ayer on said substrate of a

non- magnetic material and to conduct patterning by

means of such as a nano-inprint method, a

phot ol i t hographi ¢ net hod and an el ectron draw ng

method in fabrication of a DI nedium Such a

pat tR2 ey §redesitiL: cofpld Cat?dt &hdhereigafhted e

significant cost up in a fabrication process for a
refmagset o cJapgnedenBataner Pablabathonegpenesof Buhatifon

of a great anmount of recording capacity of a large
In&p€ation No.) Further, a DT nmedium enploying a plastic

substrate provided with a nol ded groove by one-shot

ol dbAigerh S BEORRSEE; 2 howrvel .o gpdmaeidL recording

medi um i n/fromwhich data can be witten or read nore

stably is desired. 4 This invention will solve

t he above-descri bed problem and the object is to

j.d b be included i ti
solefy FrorRbatIHENEIoRore for a DT medi um and capabl e
of beln easily fabricated without requiring a conpl ex

PROPRENS <TO FRF AGVER, BY| §84S| SNYENTEON at e to be

included in a magnetic recordi ng nedi um capabl e of

faerQ@ﬂV%@,aan%@h%tr@t¢e@5r@iﬁgaﬁﬁﬁlﬂﬁﬁlﬁ¢¥moﬁ90mm%ﬁnetlc

data can be witten and read stably. Further, an
mabéreel Of thi3izedenti ancoavehsdonelpbPvinddimmnagdettcis

recording mediumutilizing the aforesaid substrate to
neb®€ssagi udedatBuaulageeki soEecanghagioedaydr and a magnetic
layer on said substrate of a non-magnetic material and to
conduct patterning by means of such as a nano-inprint method,
a photolithographic method and an electron drawing method in
fabrication of a DT medium. Such a patterning process is
complicated and has a problem of significant cost up in a
fabrication process for a magnetic recording material which
requires formation of a great amount of recording capacity of
a large area.

Further, a DT medium employing a plastic substrate

provided with a molded groove by one-shot molding is

proposed; however, a magnetic recording medium in/from which

data can be written or read more stably is desired.



MEANS TO SOLVE THE PROBLEMS The inventors

according to this application have found that, in

consi deration of the relationship between a width of a

groove fornmed on a substrate to be included in a

magneti c recordi ng mediumutalized for a DI nmedi um and

a wdth of the convex top constituting a surface

recording bit track, by form ng coaxial grooves on a

non- magneti ¢ substrate the surface of which is

conprised of resin and the relationship between a

wi dth of a groove and_ appropriately controllin

wi dtRhbs dnvemekon paghbt Felvaykhe #Berieddercth ed problem

adj acent tracks are not brought into contact and it is
anfoskebbejeot Ssprevenovide grevbesrbeengoebbeddedudedhin a

a magnetic layer, in the case of formng a nagnetic
madayet conetbedsngstedien Asiaabésulfby byDUt mediumgaad

substrate to be included in a magnetic recording

capBRPilEnbef pbhhg Eav¥enti eAbritatsdpasshble teqhiakfihgake
a magnetic recordlng medi um in/fromwhich data can be

co@%% %e %?e@ regdc it SEADY Yaed is a gﬁ%%éfé@é to be

of ‘'this invention is a substrate to be
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e hEthnt 1hd e B b Fa er Pk h e i RN LAY BREH fpigh data

coaxi al grooves are forned on the surface, and the
cap| heavriyter aBaxrardgFbabey - salWsEnes, t#e Rpeessphbnthis

T2/5 < Tl < 5T2
invention is also to provide a magnetic recording medium

utilizing the aforesaid substrate to be included in a

magnetic recording medium.

MEANS TO SOLVE THE PROBLEMS

The inventors according to this application have found
that, in consideration of the relationship between a width of
a groove formed on a substrate to be included in a magnetic
recording medium utilized for a DT medium and a width of the
convex top constituting a surface recording bit track, by
forming coaxial grooves on a non-magnetic substrate the
surface of which is comprised of resin and the relationship
between a width of a groove and appropriately controlling a
width of a track, magnetic layers formed on the adjacent

tracks are not brought into contact and it is possible to



where T1 is a wdth of an interval between adjacent
grooves of the coaxial grooves and T2 is a width of
each of the coaxial grooves. The second
enbodi nent of this invention is the substrate to be
included in a magnetic recordi ng nmedi um according to
the first enbodi nent, wherein d/5 < Tl < 5d is
satisfied when a depth of each of the coaxial grooves
is d. The third enbodi ment of this invention is
the substrate to be included in a magnetic recording
medi um according to 6 either of the first or second
prevpoti rBat graperei heFagTempRéAepnwity & papyefac| Laway -
is satisfied where a width of an upper part of each of
thé heasearfafogmbdnyges maghtandlayeirdoh theasbbstoatpartAs a
of each of the coaxial grooves is T3. The forth
regabedi pentitof ithhg hne¥epbieatkestbheesthslinded ta hemagnetic
included in a magnetic recordi ng nmedium according to

resbi»aﬁﬁg%eahﬁmf beSEh% §ﬁ9eﬁelgﬂbo%mat powhengkntbhe
of each of the coaxial grooves is hade gradually

fagégégrar f&&&h&@%e EEE??ﬁthg hgaahﬁtgh/g?oﬂ whgeh data can

te. I nent
nvention.is t e_subs be included in a
benﬂﬁﬁﬁ%?@ B3P ﬁﬁaae ggg&yding to either of the
first or second enbodlnent wherein the side surfaces

of eBed BirehecBARiBAPNYr BEVERIFSIHVENLEOR Afied Substrate

crossing straight against the surface of the
toshesingfluded in a magnetic recording medium having a disc

form and a surface of the substrate is made of a resin, the
substrate comprising: a non-magnetic material as a base
material; wherein a plurality of coaxial grooves are formed
on the surface, and the plurality of coaxial grooves
satisfies the expression

T,/5 < T1 < 5T,
where T; is a width of an interval between adjacent'grooves
of the coaxial grooves and T, is a width of each of the
coaxial grooves.

The second embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to the first embodiment, wherein d/5 < Ti < 5d is
satisfied when a depth of each of the coaxial grooves is d.

The third embodiment of this invention is the substrate

to be included in a magnetic recording medium according to



The sixth enbodi ment of this invention is the
substrate to be included in a magnetic recording
medi um according to any one of the first to forth
enbodi nents, wherein at |east one side surface of each
of the coaxial grooves is inglined with respect to the
surface of the substrate. The seventh
enmbodi nent of this invention is the substrate to be
included in a magnetic recordi ng nedium according to
t he sixth enbodi nent, wherein an inclination angle of
the inclined side surface is from45 to 90. 7
either epfhthe ehbbdr nent sefonfi smbadenenbn veerpen Ts < T2
substrate to be included in a magnetic recording
(heedinm accordiig irckidddy iof sdieisiiad wresevenmidth of an
enbodi nent, wherein a curved surface is intervened
upﬁ@pr@ﬂttbe chdr surtneecohxeathgebotrbe t¢eaxi adnd a width
grooves and the surface of the substrate. The

ofnanE8t€8P09a9€n&f0£a&ﬂléfleMen&baﬁla§ gbsos@bs&éatg.to
be Included in a magnetic recordi ng nedi um accordi ng

to aﬂae095r9$ éﬂﬁb@i&éﬁﬁt8¥ 9@19 fHPQHFESHt§s wﬂﬁrshﬂstrate

the side sur ace eac e coaxl al grooves

curved surf od
corhr e HRTURFROR™: 8 DRERSHbS: FATGT R PRe T ERCRTBRCPROAnS 0
magnet i c recordi ng medi um according to the ninth
eighpbdPhehhe HAEPEI ATt ABCSPdecBhPRAlE havR§T§1BUFPEgWidEh
surface formis a curved surface having a convex
of sgathceff bhe coaxial Fheowkeveht MadrbodpAEAL Lyf NRELSWer
invention is the substrate to be included in a
fromgteéi suréaoedtagthedinteadoor dEnghtostubetmaieh
enbodi nent, wherein the side surface having a curved
surfage £0ffhi SmBogimyeed SErtnce havengiancoscaMe substrate

surface form
to be included in a magnetic recording medium according to
either of the first or second embodiment, wherein the side
surfaces of each of the coaxial grooves is a flat plane
crossing straight against the surface of the substrate.

The sixth embodiment of this invention is the substrate
to be included in a magnetic recording medium according to
any one of the first to forth embodiments, wherein at least
one side surface of each of the coaxial grooves is inclined
with respect to the surface of the substrate.

The se&enth embodiment of this invention is the
substrate to be included in a magnetic recording medium

according to the sixth embodiment, wherein an inclination

angle of the inclined side surface is from 45° to 90°.



The twel fth enbodi nent of this invention is the
substrate to be included in a magnetic recording
medi um 8 according to any one of the first to tenth
enmbodi nents, wherein T1/2 < TW< Tl + 2T2 is satisfied
in a magnetic recordi ng devi ge nounted with the
substrate when a line wwdth of a witing |line of a
magneti ¢ head equi pped in the magnetic recordi ng
device is TW The thirteenth enbodi nent of this
invention is the substrate to be included in a
magnetic recordi ng medi um according to any one of the
firsThe ceigletiht mepBbuenenes, thker enHenheOrRoaR| e
grooves are divided by a predeterntned uneven pattern
subttaapeetet beninedudesi thos magaetirccurferdatigaimedium
direction of the substrate. The fourteenth
acesbadhgend efthBirsofnyast efthsokheesuhshr anbotiambat,
included in a magnetic recordi ng nmedi um according to

whét?elhharbee%a eﬂt@gwems iwkerekRear geteeean@henetee
patterns are forned on the both surfaces of the

su%fgéergkeeachtﬁg gﬂgstgg}38§2520862%d5 nEh%fshgkace of the

NnVENt ron u clu
g%gne i c recording nmediumaccording to the fourteenth
SUuBhbbdrfrent, wherein the grooves and the uneven

patterns, which are formed on the both surfaces. of the
subsTrateingpeerbpiinent efnkBifi éNpEEFEPBnsSWERR Substrate

respect to a center in a thickness direction of the
toshbstingilvded an axinggnetic recording medium according to

any one of the first to forth embodiments, wherein the side
surface of each of the coaxial grooves has a curved surface
form.

The tenth embodiment of this invention is the substrate
to be included in a magnetic recording medium according to
the ninth embodiment, wherein the side surface having a
curved surface form is a curved surface having a convex
surface form.

The eleventh embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to the ninth embodiment, wherein the side surface
having a curved surface form is a curved surface having a
concave surface form.

The twelfth embodiment of this invention is the

substrate to be included in a magnetic recording medium



9 The sixteenth enbodi nent of this invention is

the substrate to be included in a magnetic recording

medi um according to the fourteenth enbodi nent, wherein

positions of the grooves and the uneven patterns,

whi ch are forned on the bothgsurfaces of the

substrate, coincide. The seventeent h enbodi nent

of this invention is the substrate to be included in a

magneti ¢ recordi ng medi um according to the fourteenth

enbodi nent, wherein the grooves and the uneven

patterns, which are forned on the both surfaces of the
acgpbdirat O are PBened hheab{kfbt EPctpBENt PHRSIMMERES,

respect to a center in a thickness direction of the
whenéstr /2 as Bh axis.+ 2T, is Fheiefghtieént b wabodifent

of this invention is the substrate to be included in a
ref@giithgcdeetoednognaedi witAcehedisnpstvatbewhenr hegnhb width

enbodi nent, wherein positions of the grooves and the
ofuaewﬁntpﬁ%tﬁiﬂé,ofhacma?ﬁet&erHeadoeqhmgpeatmnseh&aﬁggnetlc

of the substrate, do noft coincide

regbgg{ggnégvg oggng t of this invention is the

strate to be included in a nagnetlc recording

nedl cord| one h rst Lo e hteegﬁh

ool hert St LGB A PHL: BeBer Phr Enth oy pleEpflgt §°EAS
sugé Lg%glgg ggh1§c§5%eg ?ﬁaa %ggnetlc recording medium
according to any one of the first to twelfth embodiments,
wherein the coaxial grooves are divided by a predetermined
uneven pattern at a predetermined position in a
circumferential direction of the substrate.

The fourteenth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to the thirteenth embodiment, wherein grooves and
uneven patterns are formed on the both surfaces of the
substrate.

The fifteenth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to the fourteenth embodiment, wherein the grooves
and the uneven patterns, which are formed on the both
surfaces of the substrate, are formed at symmetric positions

with respect to a center in a thickness direction of the

substrate as an axis.



where TRa is a surface roughness at a place between

t he coaxial grooves, SRa is a surface roughness on the

side surface of the coaxial grooves and BRa is a

surface roughness at the bottom of the coaxia

gr ooves. The twentieth enbodi nent of this

invention is the substrate to be included in a

magneti ¢ recordi ng medi um according to the nineteenth

enbodi nents, wherein the substrate satisfies the

expression TRa < 2 nm SRa < 10 nmand BRa < 10 nm

The twenty-first enbodinent of this invention is the

substirat elxbepRthnerbaddémeRt acfmbRedi enverbiarngs the

medi um according to any one of the first to twentieth
subabodtaehosbewharéidedr dssaswaphenak frecerdfingamgdafim

the coaxial grooves is asymmetric against an axis
acpasding tbrohghfoheteentar embotihmegtoowherein posIhéons of

twenty-second enbodi nent of this invention is the
th8U§sbeaes hAdbenengheded pAtaeFBgnehechea@editbgmed on the

medi um according to any one of the first to

boEHBEﬁ¥f£Eé toemppdi BRRLEraMRer ebRnaRgwi ndi ng val ue Va
of the surface of the substrate is not nore than 30 A

upo U TS PSRRI AL L St 0V ERLERR: LS 10%cne
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according to the fourteenth embodiment, wherein the grooves
and the uneven patterns, which are formed on the both
surfaces of the substrate, are formed at asymmetric positions
with respect to a center in a thickness direction of the
substrate as an axis.

The eighteenth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to the fourteenth embodiment, wherein positions of
the grooves and the uneven patterns, which are formed on the
both surfaces of the substrate, do not coincide.

The nineteenth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to any one of the first to eighteenth embodiments,
wherein the substrate satisfies the expression

TRa < SRa = BRa



enbodi nents, wherein a mcro-w nding val ue MM of the
surface of the substrate is not nore than 30 A
The twenty-fourth enbodi ment of this invention is the
substrate to be included in a magnetic recording
medi um according to any oneiaf the first to
twenty-third enbodi nents, wherein the coaxial grooves
are fornmed by a nol di ng met hod. The
twenty-fifth enbodi ment of this invention is the
substrate to be included in a magnetic recording
medi um according to any one of the first to
t werit5e¥qi TRR eh®odli FeRtace WherERReE Redt oA xPARCHrBBlBeen the
are fornmed by a patterning nethod. The

coaxkal ygsbavhsenBBdi hene ofirface ravuehneels Ps the side
substrate to be included in a magnetic recording

subBdtanvacthedtogxtialagyoonesohntihBRAi Lst at eurface roughness

twenty-fifth enbodi nents, wherein a cover |ayer of not

at| €88 bBePBokOohMBAdC-BEki DI §rbB@Bs300 nmis formed on
the substrate. The twenty-seventh enbodi nent of

thi sphOVERLLONe iy LhS-GHRShEabe £ﬁigei£?§1éeﬁsﬂ £8 fne

magnetic recording mediumaccording to
o EPAYRSLE! e PTHCLIEA! o APBLELD e, SUBEERL Cneciom
according to the nineteenth embodiments, wherein the
substrate satisfies the expression
TRa < 2 nm, SRa < 10 nm and BRa < 10 nm.

The twenty-first embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to any one of the first to twentieth embodiments,
wherein cross-sectional form of each of the coaxial grooves
is asymmetric against an axis passing through the center of
the groove.

The twenty-second embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to any one of the first to twenty-first
embodiments, wherein an winding value Wa of the surface of
the substrate is not more than 30 A.

The twenty-third embodiment of this invention is the
substrate to be included in a magnetic recording medium

according to any one of the first to twenty-second



where Tc is a thickness of a cover layer and d is a
depth of each of the coaxial grooves. The
twenty-ei ghth enbodi mrent of this invention is the
substrate to be included in a magnetic recording
medi um according to any onelaf the first to
twenty-sevent h enbodi nents, wherein the non-nmagnetic
material as the base material is conprised of resin.
The twenty-ninth enbodi nent of this invention is the
substrate to be included in a magnetic recording
medi um according to any one of the first to

embgRENONEBY eWRAT 8B 0B MeAES WhARELBEnVEhESnYH2NRENERFSUrtace
material as the base material is copprised of glass or

of athenswagheate hetaptnmeoeei ghan 30 A. The thirtieth
enbodi nent of this invention is a nagnetic recording
medi Tie oweipty st ogrth hemisodshenat eof otbisi nolrededonnia the
magneti c recordi ng medi um according to any one of the

substshtborbweat ynBiGBaenhodi neghetot kbtsriangninea@dim
d a magnetic |ayer accunul ated on the substrate.

an
acEEFEH], %E §§§_£M¥E§¥!Eh% first £6CeLEhRY-LAiLAI S

I nventton, IS possible to prevent the” probl emthat
enfiBLGRNE | S RERSCHSEo bhad JR0BELES cLRKEE U408, 5
molding method.

The twenty-fifth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to any one of the first to twenty-third
embodiments, wherein the coaxial grooves are formed by a
patterning method.

The twenty-sixth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to any one of the first to twenty-fifth
embodiments, wherein a cover layer of not less than 10 nm and
not more than 300 nm is formed on the substrate.

The twenty-seventh embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to the twenty-sixth embodiments, wherein the

substrate satisfies the expression

Tc < 3d



to be included in a magnetic recordi ng nmedi um
Thereby, a substrate to be included in a nagnetic
recordi ng medi um according to this invention is
capabl e of fabricating a nagnetic recordi ng nmedi um
in/fromwhich data can be wizten and read out stably.
Further, by form ng a groove on a substrate to be
included in a magnetic recordi ng nedium patterning of
a magnetic layer by nmeans of such as a nano-inprint
method is not required and it is possible to fabricate
a magnetic recording nediumin a process nunber | ess
t har"ReXDnvents chaflbFeeess aimberover lavey gpfetf, is a
since it is possible to fabricate a nagnetic recording
depieldi ofn davh ngt atiye oovexiet ngdopyea.- nol di ng nmet hod such
as an extrusion nolding nethod, possible is easy
f abrTioat tvwn of - &d gisighn ed¢micod Roandi of) tieds uimpeovicedis the
with a different formof a groove by controlling the
subBt 808 By PEeparathben oh a wRbHEIcdirecoBRIES medium
DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
acC5PIEAGCLET ORAl oNE e¥ Olng eubst! abechanby-Lagbhdad 1N
a magnetic recording nedi um accordi ng to”an enbodi nent
of .this _invention, 4 Fig. 2 i .
enBogbitdet (| her SUn e nanstpere B g ratslirhcraatie koo
a nqg etic recording medi umaccording to an enbodi nent

maRTf s1F nGePpT bficd of resin.

The twenty-ninth embodiment of this invention is the
substrate to be included in a magnetic recording medium
according to any one of the first to twenty-seventh
embodiments, wherein the non-magnetic material as the base
material is comprised of glass or a non-magnetic metal
material.

The thirtieth embodiment of this invention is a
magnetic recording medium, comprising: the substrate to be
included in a magnetic recording medium according to any one
of the first to twenty-ninth embodiments of this invention;

and a magnetic layer accumulated on the substrate.

EFFECTS OF THE INVENTION
According to this invention, it is possible to prevent
the problem that a groove is embedded with a magnetic layer

in the case of accumulating a magnetic layer on a substrate



Fig. 3 is a cross-sectional view of a substrate to be
included in a magnetic recordi ng nedi um according to a
nodi fi ed exanpl e 1. Fig. 4 is a cross-sectiona
view of a substrate to be included in a magnetic
recordi ng nmedi um according ti® a nodi fi ed exanple 1.
Fig. 5is a cross-sectional view of a substrate to be
included in a magnetic recordi ng nedium according to a
nodi fi ed exanpl e 2. Fig. 6 is a cross-sectiona
view of a substrate to be included in a magnetic
recordi ng_nmedi um according to a nodified exanple 3.

toppg. inciudgdciBsd- ¥agRPbASl ToreRddndamsdbyt at B HE @
included in a magnetic recordi ng nmedi um according to a
substiratedtexhapianciudpESERl RTNENNEEiITHEESYNBONS medinm
1B, 10, 1D, 1E: substrate made of resin 2, 2A, 23, 20:
acgopdyrg to this invention is capable of fabricating a
magnetic recording medium in/from which data can be written
and read out stably.

Further, by forming a groove on a substrate to be
included in a magnetic recording medium, patterning of a
magnetic layer by means of such as a nano-inprint method is
not required and it is possible to fabricate a magnetic
recording medium in a process number less than a conventional
process number.

Further, since it is possible to fabricate a magnetic
recording medium having a groove formed by a molding method
such as an extrusion molding method, possible is easy
fabrication of a magnetic recording medium provided with a

different form of a groove by controlling the molding by

preparation of a molding die.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross-sectional view of a substrate to be
included in a magnetic recording medium according to an

embodiment of this invention.



3, 3A, 33, 30: track 4: magnetic |ayer 5: magnetic
head DETAI LED DESCRI PTI ON OF THE | NVENTI ON A
substrate to be included in a magnetic recording

medi um accordi ng to an enbodi nent of this invention
will be explained in referenae to an exanple of a
substrate to be included in a magnetic recording
mediumof Fig. 1 and Fig. 2. Fig. 1 and Fig. 2 are
cross sectional views of a recording nmedi um substrate
according to an enbodi nent of this invention.
Substrate nmade of resin 1 has a disk formand is

proviiHed i th & FePes et heR@ht BFe °he? LT HPF TR astQ Pe

substrate of a magnetic recordi ng nedium such as a
inhhudedi u.a Thignebbst racergude ©edivgi aAcgordingsponas
to a substrate to be included in a nagnetic recording
embedi nenof of ht sis nveneéhbhonG ooves are coaxially forned
at every predeterm ned interval on the surface of

substiqt e3 nBgles abréesidedtional vi&WwOof lai SuBsEFavé Ngo
to show a cross-sectional view along the radius

in?.ﬁgéaigﬂ QfmégﬁéEFétfegaggigégﬁ@éhﬁmlacééramﬁﬁntbna

e cross-sectfonal view o 1, grooves 2 are

orned at_every.interval on the surface of substrate
mo%%%%eg e%%@ gel?'Track 3 is forned at the portion

bet ween groove 2 . .
Fig.g4 1s a cross-sectional view of a substrate to

included in a magnetic recording medium according to a
modified example 1.

Fig. 5 is a cross-sectional view of a substrate to
included in a magnetic recording medium according to a
modified example 2.

Fig. 6 is a cross-sectional view of a substrate to
included in a magnetic recording medium according to a
modified example 3.

Fig. 7 is a cross-sectional view of a substrate to
included in a magnetic recording medium according to a

modified example 4.

DESCRIPTION OF THE SYMBOLS
1, 1A, 1B, 1C, 1D, 1E: substrate made of resin
2, 2A, 2B, 2C: groove

3, 3A, 3B, 3C: track

be

be

be

be

be



16 and groove 2. That is, track 3 is forned on the
portion where the surface of substrate nade of resin 1
remains as it is without arrangi ng groove 2.
Herein, a width of track 3 is Tl, a wdth of groove 2
is T2 and a depth of groovei1x is d. In this
enbodi nent, the side surface of groove 2 is vertically
formed against the top surface of track 3 (the surface
of substrate made of resin 1), wdth Ty of groove 2
bei ng constant in the depth direction of substrate
made of resin 1, and wdth Tl of track 3 is also
const anfMagRetRe deper direction. Therefore, a w dth of
the top portion of groove 2 and a width of the bottom
sur flacemefgngitdovéac2dar e i denti cal . In substrate
made of resin 1 according to this enbodi nent, width TI
of track 3 and width T2 of groove 2 satisfy the
followi ng relationship of equation (1). Equation (1):
DETAIEES DEscRPEPION OF THE HRS$ENTDEN above, by setting
width Tl of track 3 narrower than 5 tinmes of wdth T2
of I o] net i .
Iayglg or a@%%%éeréifa@%rf‘#%%d%% %geééﬁﬂée%lg%gﬁgnféégﬁzl%g
en a magnetic_layer or a.cover Laygr _is_for on.
me G < FRET0s “cont afoduiRHE! oF cbfhe 1 InighBRER o ag e
substrate made of resin 1 of thii enbodi nent, it is
explained in reference to an example of a substrate to be

included in a magnetic recording medium of Fig. 1 and Fig. 2.
Fig. 1 and Fig. 2 are cross sectional views of a recording
medium substrate according to an embodiment of this
invention.

Substrate made of resin 1 has a disk form and is
provided with a hole at the center to be utilized as a
substrate of a magnetic recording medium such as a hard disc.
This substrate made of resin 1 corresponds to a substrate to
be included in a magnetic recording medium of this invention.
Grooves are coaxially formed at every predetermined interval
on the surface of substrate made of resin 1.

Fig. 1 is a drawing to show a cross-sectional view
along the radius direction of substrate made of resin 1. As
shown in the cross-sectional view of Fig. 1, grooves 2 are
formed at every interval on the surface of substrate made of

resin 1. Track 3 is formed at the portion between groove 2



17 possible to fabricate a magnetic recordi ng nmedi um

in/fromwhich data can be witten and read stably.

Further, since a sufficient recording track regi on can

be secured by setting width Tl of track 3 to be

broader than one fifth of wiidh T2 of groove 2, it is

possible to fabricate a nmagnetic recordi ng nedi um

havi ng a stabl e magnetic recordi ng and reproduci ng

characteristics wthout decreasing recording capacity.

This effect wll now be explained in reference to Fig.

2. As shown in Fig. 2, in the case of form ng magnetic
andl aggepove oR- t Hhauriscewick ubsts af ermr@deonfthespergion

magnetic layer 4 is forned in groove 2 in addition to
whenet theksBrfhoet bE sabstohta madehodf rehént Lactkmpgns as it

broader than 5 tinmes of a wdth of the groove, there
isiWiehOessabirhh§ynghatosagnetic layers on the adjacent

tracks may contact each other to cover the top of the

gr 00Y&re YMEN, tHEER 0QY € PRSK bgePsCpVerLdyidit WS groove 2

manner, an essential function of a groove to

1 PRY SR Vo SRR S LLR0kS, |50t SXNIBLLAMAINGNS the

e caus hat a nay witten in
.t he adjpacent _.tracks at recordin data mgy_be.read
S19F oRiT FAC AP ECBRPOT P alk Soal ST EALBANYL FBATEN 2P RARBENRe EOP
hand, in substrate made of resin 1 according to this
sushdedi aEnEragknée (what furfage pfaepbgtiate made of resin

1), width T, of groove 2 being constant in the depth
direction of substrate made of resin 1, and width T, of track
3 is also constant in the depth direction. Therefore, a
width of the top portion of groove 2 and a width of the
bottom surface of groove 2 are identical.

In substrate made of resgin 1 according to this
embodiment, width T; of track 3 and width T, of groove 2
satisfy the following relationship of equation (1).

Equation (1): T./5 < T1 < 5T,

As described above, by setting width T; of track 3
narrower than 5 times of width T, of groove 2, it is possible
to prevent a magnetic layer or a cover layer from being
embedded in grove 2 when a magnetic layer or a cover layer is
formed on the surface of substrate made of resin 1. By

employing substrate made of resin 1 of this embodiment, it is



18 narrower than 5 tinmes of wdth T2 of groove 2,
there is no risk of contact between nagnetic |ayers 4
on adj acent tracks 3 each other, nor groove 2 being
enbedded with such as a magnetic |layer. Therefore, an
essential function of groove7”2 is exhibited to enable
physi cal separation of tracks 3. As a result, when a
magneti c recording mediumis fabricated utilizing
substrate made of resin 1 according to this
enbodi ment, it is possible to stably performread-out
and wite-in of data. Further, by setting w dth
pogsibietrackabrieabe Broadestifaknc6AEILNgt RegiuR 4pAfTOm
of groove 2, a sufficient recording track region can
whhbeh sé@gtuaedannbeherietendang seaflagtabdyconpensat e
capacity decrease acconpanied wth a practica
r ec oF it tige ) edi ke & Os@f DbyEentt recoeding, twhek ebyghon can
sufficient inprovenent effect of recording density,
be V‘E‘é@ur@ésb§e§@t@§ﬁ?eM§§tBYT§%§5§ﬁk§kaj foin6d i BFoddeR than
groove to physically separate tracks, is exhibited.

on{e:"hf(%@@% %1%%%' %, pcgf &%}& 3 oh{?kles Vf)(%é‘lgfe oéo

rac Wi dt 2 of groove 2 of

f f
£aBRE00%F oF | BRERF Pt 93%%% GasTrroul Ealarton Coitek )
this range of the width. 19 Further width, T
magpetiackeeoRAiNdepRf 4eBFOgRE4DE ﬁhﬁFEFEF£BF§l§atW§F§°ut

the relationship of follow ng equation (2).
decreasing recording capacity.

This effect will now be explained in reference to Fig.
2. As shown in Fig. 2, in the case of forming magnetic layer
4 on the surface of substrate made of resin 1, magnetic layer
4 is formed in groove 2 in addition to on track 3. 1In the
case of a width of the track is broader than 5 times of a
width of the groove, there is a possibility that magnetic
layers on the adjacent tracks may contact each other to cover
the top of the groove. When the groove has been covered in
this manner, an essential function of a groove to physically
separate tracks is not exhibited and there may be caused a
problem that data may be written in the adjacent tracks at
recording or data may be read from the adjacent tracks at
reproduction.

On the other hand, in substrate made of resin 1

according to this embodiment, since width T, of track 3 is



Equation (2): d/5 < T1 < 5d As descri bed above,
by making width Tl of track 3 of narrower than 5 tines
of depth d of groove 2, groove 2 is never enbedded
with a magnetic |layer or a cover |ayer in the case of
form ng a magnetic | ayer or i@ cover |ayer on the
surface of substrate made of resin 1. Thereby,
provi ded can be a magnetic recording nmedi umin/from
whi ch data can be witten and read nore stably.
Further, since a distance between a magnetic head and
a nagnetlc | ayer accunul ated in groove 2 is prol onged,
nayyoyver pbaanpp et ivedeef eds@thntt Ueh F WV ot sERFTR | Hy 17O
froma magnetic |ayer accunul ated in groove 2.
rigkroheconbycakehygeandnagidatoé Layweks34obnbagdadeenthanacks
one fifth of depth d of groove 2, it is possible to
3 &&EHretgend poodyebobvety Beihheeinbsaded piohesachgasfa
a groove and to secure a sufficiently broad track

ma&hgﬁbcagé¥@§t ariieft fH: 2, the HRaveaWheiedyidd &6 groove 2

possi bl e 1o achieve a proceSS|ng state of a groove

ispégh%itggeésaghgb%rggg gmdsabgb rebhab! t&é{?ngQ. As a

exanp eto na e a depth o
e of

Qove 4 2. 1s.fot g.

refutEairiry ?h%a?%?g%FoﬁgﬁPﬁngga%S Sulcder FREy:29:23

equation (2) within this _depth ran%e %
utid HeRIS1SWPEEFRER RAgRdOR HERLR L0 C@PBG%BgztO this

preferably satisfy the relationship of follow ng
embg@damnenh, (3F, iahpasaiklat hooptabhli PRH§OFMnEesf-qut and

magneti ¢ head of a magnetic recording nmediumutilizing
writbsinabe dade.of resin 1 according to this enbodi nent

iIs TW

Further, by setting width T, of track 3 to be broader

than one fifth of width T, of groove 2, a sufficient
recording track region can be secured on the recording
surface to compensate capacity decrease accompanied with a
practical recording area due to groove introduction, whereby
a sufficient improvement effect of recording density, which
has been achieved by an essential function of a groove to

physically separate tracks, 1s exhibited.

For example, it is preferable to make width T; of track
3 of 0.005 - 5 pm and width T, of groove 2 of 0.001 - 25 um,

and groove 2 is formed so as to satisfy the relationship of

above-described equation (1) in this range of the width.



Equation (3): T1/2 < TW< Tl + 2T2 Herein, as
shown in Fig. 1, wwdth of a witing |line TW of
magneti ¢ head 5 corresponds to a nagnetic pole width
of magnetic head 5 along the track width direction.
By satisfying the rel ati onshigp of equation (3), it is
possible to fabricate a nmagnetic recordi ng nedi um
capabl e of stable wite-in of data while preventing
wite-in to the adjacent tracks 3. Next, a
material of substrate nmade of resin 1 wll be
explained. In substrate made of resin 1, varlety of

r esiFRYtheridividm B Ofertwgsikast e depth d of groove 2
thernosetting resin or actinic ray curable resin can
préafetbly zeatisfy therele&amp$hlp|Qfsﬁgél®ﬂ1@9nﬁqba§i0n

resin 1, as thernoplastic resin, such as
(2pol ycarbonate, polyether ether 21 ketone resin
(PEEK), cyclic polyolefin resin, nethacryl styrene

remg*t]t[l(a{\@cg@su’r)) ROlsyst v enesgesin (PS resin),
pol her imde resin (PEI reS|n) ABS resi n,

pO' ol VS e ¢E8 L, (%9&?% f@gh%wfesax@ok 3 of
In resin (suc res an resin

webELiesTLgpe Lopin, pebvither, sobEone Lony (EEGc = o
ne%S?iggggggggn&gghrgsaggggt?gr¥L§grr8§|2 gggegelayer in the
case of forming a magnetic layer or a cover layer on the
surface of substrate made of resin 1. Thereby, provided can
be a magnetic recording medium in/from which data can be
written and read more stably. Further, since a distance
between a magnetic head and a magnetic layer accumulated in
groove 2 is prolonged, it is possible to decrease influence
of noise arising from a magnetic layer accumulated in groove
2.

Further, by making width T, of track 3 of broader than
one fifth of depth d of groove 2, it is possible to secure
good productivity at the time of processing of a groove and
to secure a sufficiently broad track width against a depth of
the groove, whereby it is possible to achieve a processing

state of a groove exhibiting stable strength and high

reliability.



As thernosetting resin, such as phenol resin, urea
resin, unsaturated polyester resin (such as BMC
resin), silicone resin, urethane resin, epoxy resin,
pol yi m de resin, polyam deimde resin or
pol ybenzoi m dazol e resin carecbe utilized. In addition
to these, such as pol yethyl ene naphthal ate resin (PEN
resin) can be utilized. Further, as actinic ray
curabl e resin, for exanple, ultraviolet ray curable
resin can be utilized. Utraviolet ray curable resin
i ncl udes such as ultraviolet curable acryl urethane
t ypFPRTHAMRAE 1 abf o} 2tPERFSIRRLPOTS S8RES ACHSPEE CL 2
type resin, ultraviolet curable epoxy acrylate type
gré&se Nof ubtoayvi ol 26 aurahliegpobyel 2 asrgbanedt ypeas to
resin, ultraviolet curable epoxy resin, ultraviolet
sa@yééf!éhélkéfgefoﬁgﬁfprsglQbeceuaegéyaee§teauaepbﬁ (2)
acrylic resin. To make the object of "this
. Lnvention ff jyely exhibited, it is preferable
Wl?%l%r%%% eggpgﬁr?%%§¥éaction by 22 enploying a
photoinitiator, when_a coated .| ayer pef,o ring is
P ST o T Triat TireX A T i e o0t gBove 2
phot osensitizer may be utilized together., ,
preferaely satinbEychBe radRtéRpgeAPi ALt helaPripgseruphson
t he above-described reaction, it is also possible to
(3] rredéate wedthi efraywrinisgchine af enepgngissc head of a
at nosphere to decrease or elimnate oxygen
magneceat ratdbpdindsmadi uni attaysingushbasranérandd péysesin 1
visible light and ultraviolet rays can be

acOBPEORG | abetyisebRpbadmeandiyl fwavi ol et rays are
specifically preferably sel ected, however, they are

not ééﬁggfgbtp§ygtqh/5ugt@%r< guringy before or after
irradration of actinic rays, the curing reaction my
be hanced b eating. .. Fur M el te.
nad§£%¥e+%3i%glgh%ﬁ%hggstgqU}d %%§€$a?fpgléﬁg§£éﬁdflne ™
organic[inorganic h¥brid resin (for exanEIe, &hose h of
of JHePRFhiCsPPAton S8TRSSREPEPORCI At BRENFbIgnEPLe width o
conponent) can be utilized. Herein, resin |isted above
magsehhceRaapl & dlopgstheutirhPrkeiffhsdb¥eFrELennade of
resin 1 and a substrate nade of resin according to
t hi sSBy nseint$bying toe rébhatednshépetd. eguateant (Bhw it is
types of resin can be mxed to be a substrate made of
po&€sbhe 88dfdbifieaest acaapasentsrasosapayamediayecapabye of

be adjacently arranged to constitute a substrate.
stable write-in of data while preventing write-in to the
adjacent tracks 3.

Next, a material of substrate made of resin 1 will be
explained. In substrate made of resin 1, variety of resin in
addition to thermoplastic resin, thermosetting resin or
actinic ray curable resin can be utilized.

For example, in substrate made of resin 1, as

thermoplastic resin, such as polycarbonate, polyether ether



23 Substrate nmade of resin | can be fabricated,
by use of a nolding die having a form corresponding to
substrate nade of resin 1, by neans of a nol ding
met hod such as an extrusi on nol di ng nethod, an
i njection nolding nmethod, azlheet nolding nmethod, an
extrusi on conpression nolding nmethod or a conpression
nol di ng method. That is, substrate nade of resin 1 is
fabricated, by use of a nolding die having a form
corresponding to groove 2 and track 3 of substrate
made of resin 1, by means of such _as an extrusion

kewondi FgS#Bt hBEEKEur EHEl1caPelSLphie HBFdBd REYDRBETYL
appropriately subjected to cutting and punching, or to

styress nesdhngMBoreabn) capelyabyreaceraadn 6PSresbhnl,

~I'n this manner, since groove 2 can be fornmed on

poSybsheat emiraderekinesPRIlrbyia) nohdsngesehhogolytsksr resin
possible to forma magnetic | ayer necessary for

(sﬁ@EnéélPETeﬁééthSnQyPB@aﬂésQﬁ)$U§Blg§16f§ﬁakbgﬁhngsuch as
nmet hod wi t hout requiring patterning by such as a
n =L NPL N T ; . [,C [

P B b2 T aBey bat B i rh T oy Sega’ nbaRr g, sulone
t han onventional -proce nu . E , .
re ool BES ohber PAt eERAGETor THE8: ReTifly Eakyehetipdte stiriae

above-descri bed extrusion ng%din nmet hod, jt is.._.
refi8si BPLYRBISPNERF AReORSFF HOLE RESFBaSEioRE BEiLAged. -
di mensi on of an inner circunference, the dinmension of
As gphegmesetping| Feaifer EHER, 26hBIEHGe FBFLRoN WERANTEFIN,
an inner circunference or the edge portion form of an
unsateratedcpolgeehee. r&hat i(suchyapr 8M&r iregia) nokdilagone
die utilized in an extrusion nolding nmethod so as to
refih, t itethAfe deatiml eepokyt eckha, opbat idiideetresiaf,
substrate made of resin
polyamideimide resin or polybenzoimidazole resin can be

utilized. In addition to these, such as polyethylene
naphthalate resin (PEN resin) can be utilized.

Further, as actinic ray curable resin, for example,
ultraviolet ray curable resin can be utilized. Ultraviolet
ray curable resin includes such as ultraviolet curable
acrylurethane type resin, ultraviolet curable polyester
acrylate type resin, ultraviolet curable epoxy acrylate type
resin, ultraviolet curable polyole acrylate type resin,
ultraviolet curable epoxy resin, ultraviolet curable silicone
type resin or ultraviolet curable acrylic resin.

To make the object of this invention be effectively

exhibited, it is preferable to promote a curing reaction by



1 and enpl oying said nolding die, the dinension of the

i nner dianeter or the outer dianeter is conpleted at

the tine of resin nolding. Further, by preparing a

nol ding die utilized in an extrusion nolding nethod so

as to fit the edge portion fzym of an inner

circunference or to the edge portion formof an outer

circunference of substrate made of resin 1 and

enpl oyi ng said nolding die, the edge portion form of

an inner circunference or the edge portion formof an

outer circunference is conpleted at the tine of resin
empbPYing. @ photoipjEdpEpr ggB§tPa?@aﬁﬁéeléyeFe§?ﬁofe curing

according to this enbodi mrent can be fabricated by a
ismethadiathdr wihhnaatiplidi mgyset hdd. tiFbs ekmepl 2,

resist is provided on a substrate having a flat plate
phbobBsenaipateer nabebagutatdeddonoybeheesi st by use of a

mask corresponding to groove 2, and groove 2 is forned

on thg-enbst r ghechy eagédtﬁatoaxygéﬂ anl BEEI a$¥CPedBrains
an exciner |aser. Thereafter, resist on a substrate is

thgﬁsbsgigééshelegape scﬁqgﬁtragelgagqsgfﬁegéaﬁlé-tbn

strate ma resi
: icated, v atterning, proce
irE3Q4aER REbIPES: FRG o mgHEr 6% BhoiReRS 984 %‘“ﬁﬁpﬁl&é‘e to
of this substrate nade of resin 1, a nmagnetic | aye
de%Bﬁﬁ?FsPﬁgeébmﬂ9ﬁéeaP38$ePsCPBFﬁEGréﬁlP%e SO f AL 1ch rays.,
substrate made of resin 1 by such as spattering to
sughepédr éndrpughetpysrevépdag faghtmanfuilkEayviglesyapys can
| ayer may be forned on the surface of substrate nade
beoédppesprnidtahbyg achmghet, c ahdyel tmayibdetorayd emesai d
cover layer. A thickness of this cover layer is

sppeefecably pRefe28B1pmechiectied, hbaecrelat itbrhiapewnioh
a depth of groove 2 preferably satisfies Tc < 3d, when

11@1EQHCEH§§§th aF&PHﬁérlaaﬁf1h§ TBefore or ABtarcover
layer, a nmetal layer, a ceram ¢ layer, a nagnetic

I
lr%§§g§§lgpgbﬁsack§x§e.95V§ CQpR gﬁrh éeEe%%tq$%rhgy be

an rnorganic er an rgani c layer
tilized. eci fic conmponent of a cover |ayer
enﬁﬁEFﬁéegysﬁSEEéggNl (nickel), Fe (iron), Cu (copper),
Ti (titanium hosphorus), Co (cobalt), Si L
(S|IFEBR?erSnl%t?HgSBFaPQ WPQFIQElEﬁFln , such as liquid

crystal polymer and organic/inorganic hybrid resin (for
example, those adopting silicon as a skeleton into a polymer
component) can be utilized. Herein, resin listed above is an
example of resin utilized in substrate made of resin 1 and a
substrate made of resin according to this invention is not
limited thereto. At least two types of resin can be mixed to
be a substrate made of resin, and different components as
separate layers may be adjacently arranged to constitute a

substrate.



A cover layer can be forned on the surface of
substrate nmade of resin 1 by a plating nethod such as
electric plating or chemcal plating. In addition to
t hese, a cover layer can be forned also by spattering,
vacuum evaporation or a CVvD236 nethod. Further,
enpl oyed can be a coating nethod such as a bar coat
net hod, a dip coat (imersion and pulling up) nethod,
a spin coat nethod, a spray nethod or a printing
met hod. Further, in a vertical nagnetic
recordi ng nediumwhich is greatly expected as
t ec PO N3Gy hef Hepsht Y, C%“n%@n%%b€1§%5§@an%% use of
has to be arranged vertically against the substrate
a wsoilface, divbi savirguar Esrhocouregponflingsopt sphghsake made
| ayer between the nagnetic |ayer and the substrate. A
of typstal 1al bpyméanst bf sasmbldimgnetihollagerhi asl adesxtrusion
ni ckel -cobalt (N -Co) alloy. By enploying Ni-Co all oy
moB§ifAg CRYEholaY8h, 1AFkEtEeMeolaYay ®aBhali$0apehteEMmalding
function as a soft nagnetlc | ayer in a verti cal

megﬁgﬁetéﬁ Lecondipg ?g gg?k ﬁon molgﬁﬁ%hﬁéthBQSbQ gs a

materi al pre as as high heat-resistant

co%%£§$%?égr§fndiglasgtﬁo nS'fﬂQ@ {gnp 6@@9%&%;9n£§e of resin

nmagne ayer or ne
gatterlng on substrate _made resin 1
1+ E

2FaPELFEEan: Ponperathr 8 apgaﬁagsdﬁﬁahewsna form

tenperature Tg is preferably not |ower than the
corraperRiing he gparver 2ngndrbragkadpPé, sppsitgate made of

preferable to utilize resin having a heat-resistant
re$enpér abyrveansgbéssuthaasi ahopxtenpéprat mrédIggofmenbrd.

| ower than 200 C. 27
Further, a substrate molded may be appropriately subjected to
cutting and punching, or to press molding to fabricate
substrate made of resin 1.

In this manner, since groove 2 can be formed on
substrate made of resin 1 by a molding method, it is possible
to form a magnetic layer necessary for magnetic recording by
means of such as a spattering method without requiring
patterning by such as a nano-inprint method. Thereby, a
magnetic recording medium can be fabricated with a process
number less than a conventional process number.

Further, by molding substrate made of resin 1 by such
as the above-described extrusion molding method, it is

possible to simultaneously mold at least one of the dimension

of an inner circumference, the dimension of an outer



Typical resin having glass transition tenperature Tg

of not |ower than 200 C includes such as pol yether

sul fone resin (PES resin), polyether imde resin (PE

resin), polyam deimde resin, polyimde resin,

pol ybenzoi m dazol e resin, BM2 resin or liquid crystal

pol ymer. More specifically |isted are Udel (Solvay

Advanced Pol yners K K. ) as polyether sulf one resin

(PES resin), Utem (N ppon GE Plastic) as polyether

i mde(PEl resin), Torlon (Solvay Advanced Pol yners

K K.) as polyam dei_m de resin, Aurum_ (M tsui
CiYFERFERPRCE| nENG §E9BOPYFHI-AR ﬁ@§Wn°€tﬁErﬁBﬁF§stlc)

Upi | ex (Ube Industries, Ltd.) as polyimde
ciyenefapencei ay) the PRYE CBPEEHPE terment 3apaunfess

pol ybenzoi m dazole resin. Further, listed are Sum ca
cifbpmfetéﬁbeSunfhannﬁﬂ]mbycpﬁepxringia.moh@imgq®i@ utilized

crystal polymer and Pictolex (Pictolex' M) as
inpghyekbenskehonelding methoat Ber asasoshst cakeifmnde of

resin 1, resin having a small noisture absorptive

d19ﬁ89§£t¥r'§opEﬁEebéEE¥ aghﬁekég be BLS%eRLtROSLEEOBE! resin

devi ation f ron1a magnetic h due to di nension
1 %ﬁ #98g 3983&5§&§n§y QQ'SE Eed§géﬂéggbpgf %he inner
ypi Ca aV|ng as ure absorptive

oGP 4 L S, AL Lo

op surface of track 3 is surface roughness TRa, a
re%ﬁ?f@@édFﬁﬁghﬂﬁé%tQﬁrtrhy DECRIFNG 17 fRe LI BRI gl beviet blized
is surface roughness SRa, and a surface roughness of
int&e evtrosicnrnatding gebboé 20i gsstpf §6& tbegkAgssportion
BRa, each surface roughness preferably satisfies the
fotwl bdwanginnadi tisaumBerenne sur taceéheoedhrepeortRan form of
SRa and BRa are arithnetic average surface roughness

anRaudéracsuetmeerensghpessudeticaed Ryadl 8£3068in 1 ana
Surface roughness TRa < 2 nm Surface roughness SRa <
emﬂ@o?ﬂhg said molding die, the edge portion form of an inner
circumference or the edge portion form of an outer
circumference is completed at the time of resin molding.
Further, substrate made of resin 1 according to this
embodiment can be fabricated by a method other than a molding
method. For example, resist is provided on a substrate
having a flat plate form, a pattern being formed on the
resist by use of a mask corresponding to groove 2, and groove
2 is formed on the substrate by irradiation with a laser such

as an excimer laser. Thereafter, resist on a substrate is

peeled off to prepare substrate made of resin 1. In this



Surface roughness BRa < 10 nm It is possible to

secure good snoot hness on the track surface and to

provi de good recordi ng characteristics, by satisfying

t he above condition by each surface roughness.

Further, it is possible to moovide a nmagnetic

recordi ng nmedi um exhi biting chemcal stability and

high reliability even after a treatnment of a recording

| ayer or a cover layer following to a groove

processi ng, by providing an appropriate snoothness to

an exposed substrate surface other than tracks. _
mappeE; nSUBGEFate retdghAEsseTRA, 1slirVabe fabghrassdsraa 2

and surface roughness BRa preferably satisfy the
ratetaniogshipcesstol | owi ng equation (4). Equation (4):

TRa < SRa < BRa By satisfying the relationship

of emmathencdde,oftfalsrpossihyeatmagreuie actovadkng medium

surface having excellent magnetic 29 characteristics

by dgs¥ebf e8Bikos@Bsthdtbakabeabe @2eBRhdingadineghaviBylayer
hi gh precision which is necessary for the ultra-fine

cofl 045381 L FLI0p EUTLLET ScBhatUpil by sty of
suBBLESED hARESLE rBLORCT ¥y ALyt ad" QBYE LREAEESShNBrepare a
magnetic recording medium. Further, a cover layer may be
formed on the surface of substrate made of resin 1 and a
magnetic layer may be formed on said cover layer. A
thickness of this cover layer is preferably 10 - 300 nm.
Herein, the relationship with a depth of groove 2 preferably
satisfies Tc < 3d, when a thickness of a cover layer is Tc.

As a cover layer, a metal layer, a ceramic layer, a
magnetic layer, a glass layer or a complex layer (a hybrid
layer) of an inorganic layer and an organic layer is
utilized. A specific component of a cover layer includes
such as Ni (nickel), Fe (iron), Cu (copper), Ti (titanium), P
(phosphorus), Co (cobalt), Si (silicon), Sn (tin) or Pd
(Palladium) .

A cover layer can be formed on the surface of substrate
made of resin 1 by a plating method such as electric plating

or chemical plating. In addition to these, a cover layer can

be formed also by spattering, vacuum evaporation or a CVD



Further, groove 2 may be divided by a predeterm ned
rough pattern at a predeterm ned position in the
circunferential direction of substrate nade of resin
1. This rough pattern corresponds to, for exanple, a
servo region. Since groove 2end the rough pattern
corresponding to a servo region are nolded in one-shot
by fabricating substrate made of resin 1 by neans of
such as an extrusion nolding nmethod, it is possible to
reduce the fabrication processes of magnetic recording
medi um Furt her, surface w ndi ng val ue W

melreRst iFuttdeof FTHIRKIRE CRHbRPDFMP oRhdtedyt tBich as a
than 1 mm) of the whole surface of substrate nmade of

bar esdat Im¢shpdef @rdbpycost fbmeerhaon3and rahdisgr fate
mcro w nding value MM (constituted of frequency

me €lospponengsinf coat wbohddy ahaprdypaethaddonod pohgeing
than 1 mm) of the whole surface of substrate nmade of

mefgSaN 1 is preferably not nore than 15 A Herein, the
surface winding is defined by JIS 3 0610-1987. 313
Fbreéﬁkﬁﬁép'”ﬂn'édﬁﬁgtIMQE Rl ghe SYOSLEAL BaSHE f AEQium which

shape and corresp to a shape factor having |arger

. _frequency than_a.roughn ne i nding ;
b s e e R TR b
conponents of not. shorter than 1 Furt he a shage
magRRGLF { BEBECBRCFr BaBoRey PEORBOREAPS BPERGEALhY PARIAST the
than 1 pmand not |onger than 1 nm based on a
subavereagtwr BRCer eibaByrEquUEBEFeforBa R R0COR AAFARGT
MM, and said mcro winding is generated over the
maghet esalayeirndengeen the magwatingléfkat apdskhei substrate.
measured by optical interference (Newton ring), and a
A tieyieal oalaspupbrothaspsacti mabneuitatayandiacitudsdandckel -
surface is measured as interference fringes. Height of
coBA T O (1 DEENTal SoPSUat) YerBESPH 8 BY-tSeaDioy as a cover
NMItiéunctignal 5?sk ﬁhterfereﬁ?g Met er (Cpt¥f|at)
uf r | f c y ol ;
i G PR R e R s R R L
mam'c 0 s?agerdegognati 0 og h
FRE-80r t3EE ot Ma? gl 585 pitat B2EHY
change of interference between a reference Light_ and a
measii e $Y ghfefkvi #§ i FPEREht "phasesd: RHELBhEALHedns s
data from whi ch frequencies not shorter than 1 nmare
hightheat gepeiaraptdeenpeyahyra REi gheser trress twPRdi ng

t he surface by .i.rradiating
ChEaStrPRg A SROTE)

temperature Tg as possible. Since a magnetic layer is formed
by spattering on substrate made of resin 1, the heat-
resistant temperature or glass transition temperature Tg is
preferably not lower than the temperature at spattering. For
example, it is preferable to utilize resin having a heat-
resistant temperature or glass transition temperature Tg of

not lower than 200 °C.



An excel |l ent groove processed pattern as a whol e

substrate can be obtained by satisfying a condition

31 conprising wi nding Wa of not |onger than 30 A and

m cro-w ndi ng of not |longer than 15 A, whereby it is

possi ble to provide a magnetaT recordi ng nmedi um havi ng

an excel l ent nmagnetic characteristics at the tinme of

recordi ng and reproduction. Furt her, the above

expl anation has been made with respect to an exanple

in which a substrate is constituted of single resin;

however, the substrate is not limted those

consTYPLERY BESERnBREIREsPReBEt thAYSbEleBnEETPEEREUEE T9 of

a nonmagnetic material such as netal or glass the
nosutbuer dbhawhkeh rE dovénddswsthaapepphyesper. spgfone

this case, as a nonmagnetic material to be covered
resihh (PESi pesyal i, opslyavheat emides reBiah (REE applingabl e

for a substrate such as resin, netal, glass, glass
powaﬁm_ié_&meaea@e@&aanEglym&a_anh:_@s@armb@lyaseh@bliadid@aale

be utilized. rein, it is nore preferabl e that
reéiﬁ&lb?ﬁabakés&ﬁ Eg”?%g&#ﬁe@rgfsté'ln%@ g3l n jerause of

an effect to ma abri Cation process sinpler.

Next.. a-.substrate to be .incl in ti

spPEiEr aRnIYan i hle fakC S8Ttal T pByIRIRE b vmers x k)
above-descri bed enbodi nent_wi |l be §xpl ined in

as, BPLVERDET! GUEFGEE FeSin (BEGsregin); gisem (Nippon GE
cross-sectional views of a substrate

Plastic) as polyether imide(PEI resin), Torlon (Solvay

Advanced Polymers K.K.) as polyamideimide resin, Aurum
(Mitsui Chemicals, Inc.) as polyimide resin (thermoplastic),
Upilex (Ube Industries, Ltd.) as polyimide (thermosetting) or
PBI/Celazole (Client Japan) as polybenzoimidazole resin.
Further, listed are Sumica Super LCP (Sumitomo Chemical Co.,
Ltd.) as liguid crystal polymer and Pictolex (Pictolex Mc) as
polyether ketone.

Further, as substrate made of resin 1, resin having a
small moisture absorptive property is preferably selected to
prevent positional deviation from a magnetic head due to
dimension variation of a substrate by moisture absorption. A
typical resin having a small moisture absorptive property
includes polycarbonate and cyclic polyolefin resin.

Further, when a surface roughness of the top surface of

track 3 is surface roughness TRa, a surface roughness of the



32 to be included in a magnetic recordi ng nmedi um
according to nodified exanples. (Mddified exanple 1)
Modi fied exanple 1 will now be explained in reference
to Figs. 3 and 4. G oove 2 was fornmed only on the one
surface of substrate nmade of2gesin 1 shown in Fig. 1;
however, grooves 2 may be fornmed on the both surfaces.
For exanple, as shown in the cross-sectional view of
Fig. 3, grooves 2 are formed on the both surfaces of
substrate made of resin 1. G ooves 2 on the both
surfaces are fornmed at the symmetric positions against
sigpesuchpner of ghPEKRe3sigi FEELRER &PUSHBSEFatBammdedof
resin 1 as an axis. Further, as substrate nade of
surésca t8ughoemsi nft hbecbossopestirdnake vife@grobvEi §. 14,
grooves 2 may be fornmed on the both surfaces of
susbhstr abaghndesobraeskeach. sGr@aves rdughnebe betlierably
surfaces may be forned at the asymetric positions

safgaEnst the eenteligh thhekRess .difiestiQn Shrsabst F3tghness
made of resin 1B as an axis. Even in the case

TRQf gRAO¥EFY gﬁgnngogggghﬁggﬁgea@gkgg§u§h§%§§e Q%ughness Ra

satisfyrng the relations f above-descri bed

equation (1 It _is_passibl o fahri a magnetic
Ofr%cspagﬁﬁgnganhpﬁg§iﬁﬁ%&ngﬁfkycpgﬁtb§§§grding density

and in/fromwhich data can be witten and read stably,

and PREE33e HAPENBRSPoTRAI § By™®ati sfying the

rel ati onship of above-described equation (2), it is

possPiréage sewahbread eReaek| ¢AtDBroductivity and to

wite-in and read-out data nore stably.

Surface roughness BRa < 10 nm

It is possible to secure good smoothness on the track
surface and to provide good recording characteristics, by
satisfying the above condition by each surface roughness.
Further, it is possible to provide a magnetic recording
medium exhibiting chemical stability and high reliability
even after a treatment of a recording layer or a cover layer
following to a groove processing, by providing an appropriate
smoothness to an exposed substrate surface other than tracks.

Herein, surface roughness TRa, surface roughness SRa
and surface roughness BRa preferably satisfy the relationship
of following equation (4).

Equation (4): TRa < SRa < BRa

By satisfying the relationship of equation (4), it is

possible to secure a track surface having excellent magnetic



Further, in the case of formng a rough pattern
corresponding to a servo region, the rough patterns
formed on the both surfaces nay be at either symetric
or asymetric positions against the center of
t hi ckness direction of a sulzstrate made of resin as an
axis. (Modified exanple 2) Next, nodified
exanple 2 will be explained in reference to Fig. S. In
this substrate nade of resin 1C according to nodified
exanple 2, the side surface of groove 2A is obliquely
fornmed agalnst the top surface of track 3A (t
chaypehetietigababrWedlnadetef cpresly fobrinats araeﬁdbpg die
groove 2A is gradually narrowed toward the interior
hayihg Wéghhpdecésibonyhicbnisheesaptacy 6brsubst natea-fine
made of resin 10. Herein, a width of the top
gréovéapeooéstiagk SFUKUm@BIn@sddw@tﬁ*@tysoﬂﬁa sulédtdte can
of the upper part of groove 2A is Ty; a wdth of the

beb9&§98V§Hr&§§et8f1@§9©V§mgﬁt|éfTﬁatQEQnatQﬁﬁbhleproperty

groove 2Ais d. Also in this nodified exanple 2, wdth
T, 0 ¢ 0f track 3A (uppernost w dth)
at % ﬁv% Br?Hé%Q per part of groove 2A satisfy

the tlonshl bove-descri b e .
Thereb ?h?ﬁ £ ?ﬁ% %ag%y g férﬁ%ﬁgdag gné?e&%%ermlned
or a cover ger on the surface of substrate made of

roV%@rBaEEﬁr@ré veé PRefetREPipednBegdtdon th fifagnetic
| ayer or a cover layer and it is possible to fabricate
cigchufasentipdcéigpaginadprincpbskpriewipER @4t §opdnyr éad This
or witten stably. Further, width T3 of the top
roeghfpaEtefngcomvesﬁéndﬂdtdepfbrdeaﬁmgﬂeove BArvo region.
preferably satisfy the relationship of above-descri bed
sigagagiresve2). anlietrby rouyhi papesshbkertrespbalbiliyyg to a servo
performread-out and wite-in of data
region are molded in one-shot by fabricating substrate made
of resin 1 by means of such as an extrusion molding method,
it is possible to reduce the fabrication processes of
magnetic recording medium.
Further, surface winding value Wa (constituted of
frequency components of not shorter than 1 mm) of the whole

surface of substrate made of resin 1 is preferably not more
than 30 A, and surface micro winding value MWa (constituted
of frequency components of not shorter than 1 pm and not
longer than 1 mm) of the whole surface of substrate made of
resin 1 is preferably not more than 15 A. Herein, the

surface winding is defined by JIS B 0610-1987.



Further, in this nodified exanple 2, width T2 of the
upper part of groove 2A and width T3 of the bottom
surface of groove 2A satisfy the relationship of
foll ow ng equation (5). Equation (5): T3 s Ty
As described above, by makimgpa w dth of the upper
part of not less than a width of the bottom surface
and maki ng a wi dth of groove 2A constant or narrower
fromthe surface to the interior (to the depth
direction) of substrate nmade of resin 10, it is
possi ble to inprove transfer precision of a groove
shapBerpinheirdiBgoiseqpeulypr Abl 8i AGPByrase spriace shape
nol di ng di e. Further, an inclination angle of
antiheosirdepsudfate ef shepevd&amoirs hprvehigr dblrgess fregency
degree. Separation effect cannot be sufficiently
thexhabirbeghwaes abBmpbakhrat i Winahgyewa sut Bbikedshéhammeans a
45 degree and it is difficult to stably perform
shhgadegHbrandrwhl be- irkeglicdalacombaBn@ke ogS st stlbrter than
pur poses, in a nmagnetic recordi ng nedi um enpl oyi ng a
bst Vi g i nclj j ngke t
R B R A S T
degree, the mass productivity in a %roove
of nRRkf SEPGFPRg CHRBC s s PERi PPEakPRFSdetPelsds Mo PRERE on 2
it difficult to provide a magnetic recordi ng nmedi um
wahalengtbxoél fertiuehayadsechdtiieds agt md crowwdosting Mwa, and
Herei n, groove 2A may be forned on the both surfaces
sa®f stbsbr atiadinde ief geasrat:@ siveil ahet afeouestrid einBing.
and 1B according to nodified exanple 1. G ooves 2A nay

be fopidiay Reshtheps)8ymBehehsudgal Bt ocbBecaent er of
the thickness direction of substrate made of resin 1C

inQEr@@¥e9§efQﬁg@goﬂtr@ﬁ%WUEBBBCaDQEQHEQH%n amount of a

practical surface and a standard surface is measured as
interference fringes. Height of micro winding is usually
measured by use of Multifunctional Disk Interference Meter
(Optiflat) manufactured by Phase Shift Technology, Inc. The
principle of the measurement is a method to measure micro
shape deformation on the surface by irradiating the surface
of a glass plate and measuring intensity change of
interference between a reference light and a measured light
having different phases. The obtained data from which
frequencies not shorter than 1 mm are cut is generally
defined as a height of micro winding

An excellent groove processed pattern as a whole

substrate can be obtained by satisfying a condition



(Modi fi ed Exanpl e 3) Next, nodified exanple 3
Wi ll be explained in reference to Fig. 6. In this
substrate nade of resin 1D according to nodified
exanple 3, the side surface of groove 2B is forned in
a curved surface formand tis outernost surface of
track 3B is tapered off. In this manner, by naking a
curved surface formof the side surface of groove 2B,
it is possible to prevent the contact between nmagnetic
Iayers on tracks 3B 36 adjacent each other. Further,
the case that a magnetic_head contacts
CO%@@%%%?% VEROHIP N2 nRdi At sUPRATE Hﬂ@ntéos%n%n@a@%sro-
at the time of HDD bei ng noupted, obtained can be an
wirgdirgtof onpedlerIerntgen whith vheralynéti éShegasible to
receives, owing to the edge portion of a groove. Wth
proespecs m@gmeEisidecendiagemeﬁiamchaVQUgsanfaseeibent
a certain effect can be obtained even when only one
maghéleit schatatvedisuiféacaerf ohe time of Feebhéingt rd
side surface of a curved surface formnmay be either a

re gXc syhface formor a concave surface form
rein, a wdth of the top surface of track 3B
(up ) [ of r
oL oSy gy gL Dot D0 R haBerds o

ove_2B is T3 dept opve, 2B.i

redhethi & n%a.mfapﬁaahmﬁgcﬂmﬁd?ﬁﬁ Trigre; he Fsﬁsﬂlguted of

surface of track 3B and width Ty of ,the upper part of
singbRovECoB 6 aRPEPYeT hethel atﬂpaﬁm-s &F aﬁsv 1gdseri pagse

equation (1). Thereby, in the case of form ng a
copsigherted| ajeringla tever Pajemapnbeheosgribeeedf of a non-

substrate made of resin 1D, groove 2B is never
magndeidadawethal sagheascmeager oor ghasevehel ayefaandoift which

is possible to fabricate a nmagnetic recordi ng nmedi um

isféeomiraaWiieh datasis 18pdror MidHeH Sddd) Yas a non-
Further, width T1 of track 3B and depth d of groove 2B

ma%%i%?%qg£¥eﬁﬁéis£¥ bhecheLathoRsbhPreEi8AURLLRBLE2) aw

materials which are applicable for a substrate such as resin,
metal, glass, glass ceramics or an organic inorganic complex
material can be utilized.

Herein, it is more preferable that a substrate is
constituted of single resin because of an effect to make the
fabrication process simpler.

Next, a substrate to be included in a magnetic
recording medium according to modified examples of the above-
described embodiment will be explained in reference to Figs.

3 - 7. Figs. 3 - 7 are cross-sectional views of a substrate



37 above. Thereby, it is possible to stably perform
read-out and wite-in of data. Further, width
T2 of the upper part of groove 2B and width T3 of the
bott om surface of groove 2B preferably satisfy the
rel ati onship of equation (5)3aescri bed above. Thereby,
it is possible to inprove transfer precision of a
groove shape in the case of extrusion nolding by use
of a nolding die. Herei n, groove 2B may be
formed on the both surfaces of substrate nmade of resin
1D simlar to substrate 1A and 1B according t
ton%ﬁl%P%Huéﬁﬁnbpealma€P659€sr?BoﬁﬁﬁnﬁemﬁéﬂﬁﬁdaﬁFordlng to
positions symretric against the center of the
modhf tkAeexsatpiesti on of substrate made of resin 1D as
an axis or may be fornmed at asymmetric positions.
( ModiMo@ilf bxdngkam@dle 1) Next, nodified exanple 4
wi Il be explained in reference to Fig. 7. In substrate
madeMedi f €88 Nek&m@Le o1 iy NUL t Aok hbe &Rl AiddexAMpéefence
a shape of the cross-section of groove 2Cis

to aﬂ?HEt 8i £nagal NShr G5 &%3 SwP2SELABd BRIk henL e er
he bottom surface of groove 2C. For exanple one

f 2 I I
R S S RS T

ofL0E5, Secklon. o arooye 26t ¢ an, aSYITR! e, Shape.

example, as shown in the cross-sectional view of Fig. 3,
grooves 2 are formed on the both surfaces of substrate made
of resin 1. Grooves 2 on the both surfaces are formed at the
symmetric positions against the center of thickness direction
of substrate made of resin 1 as an axis. PFurther, as
substrate made of resin 1B shown in the cross-sectional view
of Fig. 4, grooves 2 may be formed on the both surfaces of
substrate made of resin 1. Grooves 2 on the both surfaces
may be formed at the asymmetric positions against the center
of thickness direction of substrate made of resin 1B aé an
axis.

Even in the case of grooves being formed on the both
surfaces, by satisfying the relationship of above-described
equation (1), it is possible to fabricate a magnetic
recording medium having a sufficient recording density and

in/from which data can be written and read stably, and in



38 sectional shape of groove 2C being asymetric, a

nol ding die can be easily fabricated by use of a

relatively sinple tool such as a grinding bite.

Further, inproved is nold rel easing property at the

time of nolding of substrates3rade of resin | E by neans

of an extrusion nolding enploying a nolding die, which

enabl es rel atively easy fabrication. Further, a

wi dt h of groove 2C is made gradually narrower fromthe

surface toward the |nter|or (the depth dlrectlon) of

substrate nade of resin a wdth_ of
adfhE1PBpteutPage byt SPF%%Y%B@I( Gbﬁei‘ﬁé%lﬁiﬂ&?ﬁ? Ps ??OVS‘

wi dth of the upper part of groove 2Cis T2; a width of
degprsibedt eAlaGiPaCE 20 gtoéﬁepggsn§1$3thﬁécaréeanheaﬁellent

groove 2Cis d. Also in this nodified exanple 4, wdth
prdduotivheyt epdsopf acétefitr avkd 3€adndum daliaTRook thebly.

upper part of groove 2C satisfy the relationship of

aboveudeseri bed engathes 6t) fofhengby, rbughhpaeasenof

formng a magnetic | ayer or a cover |ayer on the

co§9é§§6ﬁd9£gSHBSEr@E%vgﬂgé g2bn’ esha %Eugarga%%e%ﬁsl§ormed on
never enbedded with a nmaghetic | ayer of a cover | ayer

tn8’ okh éébthXLBSa?PrEEQBSr sgﬁg%ﬁ%g§659cgg Meric

|um als read n- st

t her, MAdth Tl of th e of track, 3C a
Poaé[atlﬂna aaa@flssv%hﬁccspﬁfeér Bei yhedffefs pgeccisn™dt a
rel ati onshi_p of 39 equation (2) described above.
subfEFaby, MRESi 8T pE8SiBI 85t 8sR&BPy perform read-out and

wite-in of data.
(Modified example 2)

Next, modified example 2 will be explained in reference
to Fig. 5. In this substrate made of resin 1C according to
modified example 2, the side surface of groove 2A is
obliquely formed against the top surface of track 3A (the
surface of substrate made of resin 1C) and a width of groove
2A is gradually narrowed toward the interior (the depth
direction) from the surface of substrate made of resin 1C.

Herein, a width of the top surface of track 3A
(uppermost width) is T;; a width of the upper part of groove
2A is T,; a width of the bottom surface of groove 2A is Ts;
and a depth of groove 2A is d. Also in this modified example
2, width T; of the top surface of track 3A (uppermost width)
and width T, of the upper part of groove 2A satisfy the

relationship of above-described equation (1). Thereby, in



Further, in this nodified exanple 4, width T2 of the

upper part of groove 2C and width T3 of the bottom

surface of groove 2C preferably satisfy the

rel ati onship of equation (5) described above. Thereby,

it 1s possible to inprove transfer precision of a

groove shape in the case of extrusion nolding by use

of a nolding die. Her ei n, groove 2C may be

formed on the both surfaces of substrate nmade of resin

|E simlar to substrate | A and 1B according to

nodi fi ed _exanple 1. G ooves 2C may be forned at
thﬁo§???oﬁ§ §9ﬁﬁé?9i€ §6§Pﬁ§ﬂctHéyéénPéraoPOWﬁé layer on the

t hi ckness direction of substrate nade of resin | E as
sugfiagri 9fopubkayrbeef ppedoat rasyma i grpevet kdnds never

EXAMPLES Next, specific exanples according to
embatiddinentk af mbbheekiveibiyen wirl b bevexplayeedand it is
(Exanpl e 1) In this exanple 1, a specific

pos¥appketrof raubsthakeamidgnet ikesebokddhll medium from/in
explained. In this exanple 1, groove 2 was forned on
wh@PR 8Hthace PEaguBst fRtecERdgc@biyesin 1 as shown in
Fig. 1. 40

Further, width T; of the top surface of groove 2A and
depth d of groove 2A preferably satisfy the relationship of
above-described equation (2). Thereby, it is possible to
stably perform read-out and write-in of data

Further, in this modified example 2, width T, of the
upper part of groove 2A and width T; of the bottom surface of
groove 2A satisfy the relationship of following equation (5).

Equation (5): T; = T,

As described above, by making a width of the upper part
of not less than a width of the bottom surface and making a
width of groove 2A constant or narrower from the surface to
the interior (to the depth direction) of sﬁbstrate made of
resin 1C, it is possible to improve transfer precision of a
groove shape in the case of extrusion molding by use of a
molding die.

Further, an inclination angle of the side surface of
groove 2A is preferably 45 - 90 degree. Separation effect

cannot be sufficiently exhibited when an inclination angle is



(Mol di ng of substrate nade of resin 1)
Utilizing polyimde as a material of a substrate,
substrate nade of resin 1 was fabricated by extrusion
nmol di ng. Aurum (manufactured by Mtsui Chem cal s,
Inc.) was utilized as polyisle. The dinmension of this
substrate nade of resin 1 will be shown bel ow. Quter
dianeter: 1 inch (25.4 mm) Thickness of substrate made
of resin 1: 0.4 nmWdth of track 3, T1: 0.1 pm Wdth
of groove 2, Ty: 0.05 m Depth of groove 2, d: 0.025 m
Sur face roughness of the top surface of track_3, TRa:
legsgthan 45 degsngef a8e déudhnddd féruthe toi g&addet REELToF™
groove 2, SRa: 1.2 nm
read-out and write-in of data, which are essential purposes,

in a magnetic recording medium employing a substrate having
an inclination angle of less than 45 degree. Further, when
the inclination angle exceeds 90 degree, the mass
productivity in a groove manufacturing process significantly
decreases to make it difficult to provide a magnetic
recording medium having excellent characteristics at a low
cost.

Herein, groove 2A may be formed on the both surfaces of
substrate made of resin 1C similar to substrate 1A and 1B
according to modified example 1. Grooves 2A may be formed at
positions symmetric against the center of the thickness
direction of substrate made of resin 1C or may be formed at
asymmetric positions.

(Modified Example 3)

Next, modified example 3 will be explained in reference
to Fig. 6. In this substrate made of resin 1D according to
modified example 3, the side surface of groove 2B is formed
in a curved surface form and the outermost surface of track
3B is tapered off. In this manner, by making a curved
surface form of the side surface of groove 2B, it is possible

to prevent the contact between magnetic layers on tracks 3B



Surface roughness of the bottom surface of groove 2,
BRa: 1.5 nm In this exanple 1, width T2 of
track 3 and width Ty of groove 2 satisfy the
rel ati onship of equation (1): T2/5 < T2 < 5T2.
Further, width T2 of track 33and depth d of groove 2
satisfy the relationship of equation (2): d/5 < T2 <
5d. 41 Further, surface roughness on each surface
satisfies the relationship of equation (4): TRa < SRa
s BRa. By extrusion nolding utilizing resin in
this manner, substrate nade of resin 1, in_which ,
adgdPGEes SRale BEET f oF HEGPBY - a18i hpPeCREEhEAAcanmBETetic
fabricated. Thereby, in fabrication of a DI nmedium it
hejagl g taedess et teo MagRicc peaasidiing mefdians gfurface due to
magnetic | ayer or a magnetic |layer, which will be
soaec faultatreitorthe $lilvet reeft éiDMaGe iofg mesgintedyy abteeirsal] can be
such as a nano-inprint nmethod. Since such a conpl ex
arPeFFREE itD ARAGUIRCREBSRIGE, iWhidh RISSiRlghdtd d adT ateeives,
a magnetic recording nediumin a process nunber |ess
; 0 j I AN af; e
R e BBt e o B ML heePRS hosh °F
RrOoVi it ra |ected to tr.eri t
sifEP BATRY ¥ RVl e SR, R R can
surface of substrate de of resjn 1. Then, b
bec GrPrTEss SFat fREheR Y 9H a4 Hsafercu(qﬁ’&%iﬁ’ﬂd‘"fftaé:re, form.
abbreviated as_a N P |ayer) was fornmed on the Ni
| ayeFUrtheTrt hitERnE38leoFUERPS NS Payer Vigds sigfmpe form may
These Ni layer and Ni P | ayer correspond to a cover
be| gyghefroanepnyexs gygtheatee frae af a exintalve surface form.

Herein, a width of the top surface of track 3B
(uppermost width) is T;; a width of the upper part of groove
2B is T,;; a width of the bottom surface of groove 2B is Ti;
and a depth of groove 2B is d. Also in this modified example
3, width T; of the top surface of track 3B and width T, of
the upper part of groove 2B satisfy the relationship of
above-described equation (1). Thereby, in the case of
forming a magnetic layer or a cover layer on the surface of
substrate made of resin 1D, groove 2B 1is never embedded with
a magnetic layer or a cover layer and it is possible to
fabricate a magnetic recording medium from/in which data is
read or written stably.

Further, width T; of track 3B and depth d of groove 2B

preferably satisfy the relationship of equation (2) described



42 After a cover |layer had been forned, a
magnetic | ayer conprising Co type alloy was fornmed on
the cover layer by spattering, whereby a nagnetic
recordi ng nmedi um was prepared. Thickness of nagnetic
| ayer: 80 nm (Eval uati on) 37 After a magnetic

| ayer had been forned on substrate nmade of resin 1,
the state of a nmagnetic |ayer and a cover layer in
groove 2 was observed. In this exanple 1, it has been
confirmed that a magnetic |ayer and a cover |ayer on

tracks 3 adjacent each other were never brou ht in
ab@ﬂﬁtac?heﬁﬁgythéF @FoBQéSEb%ﬁstﬁoFt@PB§dB§H RFWhrﬁad out

magnetic |ayer or a cover layer. In this manner, by
anglamirdfo@i-rig tafe dadleat i onshi p of equation (1), it was

possible to physically separate tracks 3. And, by

enpl dyirngetrhi wisihstyab€ badeupperepantlofi grosve 2B and

possible to fabricate a nmagnetic recordi ng nmedi um

wildtenmm; nowht BB dataosaBubEateadfagtonket benpsbdbliybly
Herein, polyimde was utilized as a material of

satdR3Y A RS lodal o idyddl XDl dedor U Sove

a S|n1 ar effect can be achi'eved by enpl oyi ng ot her

I| t b Ve
1% %% gﬁ%%ﬁgﬁﬂgé ﬁ% zé%gggﬁggggbgﬁqg%ﬁﬁgn of a
a sim/lar effect caqﬂpe achi eved.

9r88&?m§ gt Ty &7 oM iSSTHE O He " é‘?%él.se of a

molding die.

Herein, groove 2B may be formed on the both surfaces of
substrate made of resin 1D similar to substrate 1A and 1B
according to modified example 1. Grooves 2B may be formed at
positions symmetric against the center of the thickness
direction of substrate made of resin 1D as an axis or may be
formed at asymmetric positions.

(Modified example 4)

Next, modified example 4 will be explained in reference
to Fig. 7. 1In substrate made of resin 1E according to this
modified example 4, a shape of the cross-section of groove 2C
is asymmetric against an axis passing through the center of
the bottom surface of groove 2C. For example, one side
surface of groove 2C is vertically formed while the other
side surface is obliquely formed to make the cross section of

groove 2C to be an asymmetric shape. By making the cross



43 Further, in this exanple 1, an exanple in
whi ch groove 2 was fornmed only on one surface of
substrate nade of resin 1 was explai ned; however, it
has been proved that groove 2 was never enbedded wth
a magnetic |ayer or a cover Bayer simlar to this
exanple 1, even when groove 2 was forned on the both
surfaces as shown in nodified exanple 1 and nodifi ed

exanpl e 2. (Exanple 2) In this exanple 2, a
speci fic exanple of substrate nmade of resin 1 shown in
Fig. 1 will be explained simlar to exanple 1. In this

Se@)?&r‘?@aé Shagroffe TS 2651 Rsd-h @R fitifoe Pfmolding die
substrate made of resin 1 simlar to exanple 1. In

carhibs ersiplye fabniiqited dynass arade dbrusalderivenlan simplepftool
exanple 1. Herein, in substrate made of resin 1

suatc ersdiangyrtimdinics keixanpl eu2thelre fapeoresi is mold releasing
(polyimde) was utilized simlar to exanple 1.

pr@erf&@/sla@n tiHe Uk ret Qnd\iQﬁLng)foﬁ%ﬂH‘st]ﬁa@tn%[de of resin 1E

dianmeter: 1 inch (25.4 mm Thickness of substrate nade
byoﬁehﬁg el st Psion molding employing a molding die,
which enables relatively easy fabrication.

Further, a width of groove 2C is made gradually
narrower from the surface toward the interior (the depth
direction) of substrate made of resin 1E.

Herein, a width of the top surface of track 3c
(uppermost width) is T;; a width of the upper part of groove
2C is T,; a width of the bottom surface of groove 2C is T;;
and a depth of groove 2C is d. Also in this modified example
4, width T; of the top surface of track 3C and width T, of
the upper part of groove 2C satisfy the relationship of
above-described equation (1). Thereby, in the case of
forming a magnetic layer or a cover layer on the surface of
substrate made of resin 1E, groove 2C is never embedded with
a magnetic layer or a cover layer and it is possible to
fabricate a magnetic recording medium from/in which data is
read or written stably.

Further, width T: of the top surface of track 3C and

depth d of groove 2C preferably satisfy the relationship of



Wdth of track 3, T1: 0.03 pm Wdth of groove 2, T2:
0.1 pm
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equation (2) described above. Thereby, it is possible to
stably perform read-out and write-in of data.

Further, in this modified example 4, width T, of the
upper part of groove 2C and width T; of the bottom surface of
groove 2C preferably satisfy the relationship of equation (5)
described above. Thereby, it is possible to improve transfer
precision of a groove shape in the case of extrusion molding
by use of a molding die. |

Herein, groove 2C may be formed on the both surfaces of
substrate made of resin 1E similar to substrate 1A and 1B
according to modified example 1. Grooves 2C may be formed at
positions symmetric against the center of the thickness
direction of substrate made of resin 1E as an axis or may be

formed at asymmetric positions.

EXAMPLES

Next, specific examples according to embodiments of the
invention will be explained.

(Example 1)

In this example 1, a specific example of substrate made
of resin 1 will be explained. In this example 1, groove 2
was formed on one surface of substrate made of resin 1 as

shown in Fig. 1.



Depth of groove 2, d: 0.05 pm 44 Surface
roughness of the top surface of track 3, TRa: 0.5 nm
Surface roughness of the side surface of groove 2,
SRa: 1.0 nm
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(Molding of substrate made of resin 1)

Utilizing polyimide as a material of a substrate,
substrate made of resin 1 was fabricated by extrusion
molding. Aurum (manufactured by Mitsui Chemicals, Inc.) was
utilized as polyimide. The dimension of this substrate made
of resin 1 will be shown below.

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm
Width of track 3, T;: 0.1 um
Width of groove 2, T,: 0.05 pm

Depth of groove 2, d: 0.025 um

Surface roughness of the top surface of track 3, TRa:
0.8 nm

Surface roughness of the side surface of groove 2, SRa:
1.2 nm

Surface roughness of the bottom surface of groove 2,
BRa: 1.5 nm

In this example 1, width T; of track 3 and width T, of
groove 2 satisfy the relationship of equation (1): T,/5 < T;
< 5T,. Further, width T, of track 3 and depth d of groove 2

satisfy the relationship of equation (2): d/5 < T; < 5d.



Surface roughness of the bottom surface of groove 2,

BRa: 2.0 nm In this exanple 2, width T2 of

track 3 and width T2 of groove 2 satisfy the

rel ati onship of equation (1): T2/5 < Tl < 5T2.

Further, width T1 of track 34and depth d of groove 2

satisfy the relationship of equation (2): d/5 < T2 <

5d. Further, surface roughness on each surface

satisfies the relationship of equation (4): TRa < SRa

BRa. (Formation of Cover Layer) Also in this

exanple 2, a N layer and a N p_|layer were forned on
FU§GE‘§FP aFUTHRGE 610‘119@%11@1% 51 s SEGTe S AR s SGiTHAEE S §he

exanple 1, and a magnetic |layer conprising Co type
re&at@?nﬁﬁgpf@ﬁw@ﬁuéﬁl§@|d4doveTRﬁayeSRBy sBB&tering,

wher eby a magnetic recordi ng nedi um was fabri cat ed.

Thi cRpesstofhisiagnebildihgyetili@@ngnreBial uat tbip manner,

After a magnetic |ayer had been forned on substrate
subBdeadk mesien ok, rhke nstigt e owhd dmgieidved awele B formed

cover layer in grooves 2 was observed. In this exanple
by?a %Hﬁbﬁ@rmethod, can be fabricated. Thereby, in
fabrication of a DT medium, it is not necessary to conduct
patterning of a soft magnetic layer or a magnetic layer,
which will be accumulated on a substrate made of resin, by a
method such as a nano-inprint method. Since such a complex
process is not necessary, it is possible to fabricate a
magnetic recording medium in a process number less than
conventional process.

(Formation of Cover Layer)

Above-described substrate made of resin 1 having been
provided with groove 2 was subjected to spattering to form a
Ni layer having a thickness of 10 nm on the surface of
substrate made of resin 1. Then, by continuous spattering, a
NiP alloy layer (hereinafter, abbreviated as a NiP layer) was
formed on the Ni layer. The thickness of this NiP layer was

10 nm. These Ni layer and NiP layer correspond to a cover

layer formed on substrate made of resin 1.



45 to exanple 1, it has been confirmed that a magnetic
| ayer and a cover |ayer on adjacent tracks 3 are never
brought in contact each other and that groove 2 is not
enbedded with a nagnetic |ayer or a cover | ayer.
Further, it has been proved &bat groove 2 is not
enbedded wth a nagnetic |ayer or a cover |ayer even
in the case of form ng groove 2 on the both surfaces

of substrate made of resin 1. (Exanple 3) In
this exanple 3, a specific exanple of substrate nade
of resin 1 shown in Fig. 1 will be explained simlar

to eR4iSFe 1 COVET HRY e &FF 31 HBTRE 2 IS IGTHed layer
on one surface of substrate made of resin 1. In this

companis i3, Caldpte d ldfoyymesy £xniasd daegdre tdnireexaysie by
1. Resin sane as exanple 1 (polyimde) was utilized in

spslthstriats wackeredfy ree siayrik tace aredi gl ity trde dsi vex avgd @o1>:pared.
(Di mensi on of Substrate Made of Resin 1) CQuter

di amethelcknbsisNOF (d%metTd 1ERiGkness ah substrate nade
of resin 1: 0.4 mm

(Evaluation)

After a magnetic layer had been formed on substrate
made of resin 1, the state of a magnetic layer and a cover
layer in groove 2 was observed. In this example 1, it has
been confirmed that a magnetic layer and a cover layer on
tracks 3 adjacent each other were never brought in contact,
and that groove 2 was not embedded with a magnetic layer or a
cover layer. In this manner, by satisfying the relationship
of equation (1), it was possible to physically separate
tracks 3. And, by employing this substrate made of resin 1,
it is possible to fabricate a magnetic recording medium
from/in which data can be read and written stably.

Herein, polyimide was utilized as a material of
substrate made of resin 1 in this example 1; however, a
similar effect can be achieved by employing other resin
listed in the above-described embodiment. Further, a NiP
layer was utilized'as a cover layer; however, a similar
effect can be achieved by accumulating a layer comprising

other components.



Wdth of track 3, Tl: 0.1 mWdth of groove 2, T2:
0.05 m Depth of groove 2, d: 0.08 m 46 Sur face
roughness of the top surface of track 3 TRa: 1.0 nm
Surface roughness of the side surface of groove 2 SRa:
4.5 nm Surface roughness of the bottom surface
of groove 2 BRa: 4.5 nm In this exanple 3,
width T1 of track 3 and width T2 of groove 2 satisfy
the relationship of equation (1): T2/5 < T2 < 5T2.
Further, width T1 of track 3 and depth d of groove 2
satisfy the relationship of equation (2): d/5 < Tl <
5d. PuFERer, LorFhade pvagRhesd s oRNeBEATBLURf AReWhich groove
satisfies the relationship of equation (4): TRa < SRa

2 waBRAor(Edr anlvoanobneogerfaggepf substrate made of resin 1

was explained; however, it has been proved that groove 2 was

never embedded with a magnetic layer or a cover layer similar
to this example 1, even when groove 2 was formed on the both

surfaces as shown in modified example 1 and modified example

2.

(Example 2)

In this example 2, a specific example of substrate made

of resin 1 shown in Fig. 1 will be explained similar to
example 1. In this example 2, groove 2 was formed on one
surface of substrate made of resin 1 similar to example 1.
In this example 2, width T, was made broader than that of
example 1. Herein, in substrate made of resin 1 according to
this example 2, the same resin (polyimide) was utilized
similar to example 1.

(Dimension of Substrate Made of Resin 1)

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm
Width of track 3, Ti: 0.03 pm
Width of groove 2, T;: 0.1 pm

Depth of groove 2, d: 0.05 pum



Also in this exanple 3, a N layer and a Nip |ayer

were formed on substrate nmade of resin 1 as cover

| ayers simlar to exanple 1. Thickness of each |ayer

is same as exanple 1. And a magnetic |ayer conprising

Co type alloy was fornmed on g@aid cover |ayer by

spattering, whereby a magnetic recordi ng nedi um was

fabricated. Thickness of magnetic |ayer: 80 nm

(Eval uati on) After a magnetic |ayer had been

formed on substrate made of resin 1, the state of a

magnetic | ayer and a cover 47 |ayer in grooves 2 was

obsefwethce nrengknesanpf etBe &pPRi FurfageeRbnprach, 3t TRa:

has been confirmed that a magnetic |ayer and a cover
0.b5ayer on adj acent tracks 3 were never brought in

contact each other and that groove 2 was not enbedded

Wi t hs@r PRgdetbeghayes Of Bheoyedel syeface of groove 2, SRa:

Further, it has been proved that groove 2 is not
1.8MQgdded with a magnetic layer or a cover layer even

In the case of form ng groove 2 on the both surfaces

of SggéfggéergﬁgﬁnggsrgﬁiQhé'bottom surface of groove 2,

BRa: 2.0 nm

In this example 2, width T; of track 3 and width T, of
groove 2 satisfy the relationship of equation (1): T»/5 < Ta
< 5T,. Further, width T, of track 3 and depth d of groove 2
satisfy the relationship of equation (2): d/5 < T1 < 5d.
Further, surface roughness on each surface satisfies the
relationship of equation (4): TRa < SRa = BRa.

(Formation of Cover Layer)

Also in this example 2, a Ni layer and a Nip layer were
formed on substrate made of resin 1 as cover layers similar
to example 1, and a magnetic layer comprising Co type alloy
was formed on said cover layer by spattering, whereby a
magnetic recording medium was fabricated.

Thickness of magnetic layer: 100 nm

(Evaluation)

After a magnetic layer had been formed on substrate
made of resin 1, the state of a magnetic layer and a cover

layer in grooves 2 was observed. In this example 2, similar



(Exanpl e 4) In this exanple 4, a specific
exanpl e of substrate nmade of resin 1C (nodified
exanple 2) shown in Fig. 5 will be explained. In this
exanpl e 4, groove 2A was formed on one surface of
substrate made of resin 1C as shown in Fig. 5. Herein,
resin sanme as exanple 1 (polyimde) was utilized in
substrate nade of resin 1C according to this exanple
4. (D nension of Substrate Made of Resin 1C) CQuter
dianmeter: 1 inch (25.4 nm Thickness of substrate made
of resin 1C. 0.4 mfm Wdth of the top surface (the
toogramRbst lsuifabay beepr geridamed)t tozlsmagﬁfﬂW&t hager and

the upper part of groove 2A, T2: 0.02 Jim
a cover layer on adjacent tracks 3 are never brought in

contact each other and that groove 2 is not embedded with a
magnetic layer or a cover layer.

Further, it has been proved that groove 2 is not
embedded with a magnetic layer or a cover layer even in the
case of forming groove 2 on the both surfaces of substrate
made of resin 1.

(Example 3)

In this example 3, a specific example of substrate made
of resin 1 shown in Fig. 1 will be explained similar to
example 1. In this example 3, groove 2 was formed on one
surface of substrate made of resin 1. In this example 3,
depth d of groove 2 is deeper than example 1. Resin same as
example 1 (polyimide) was utilized in substrate made of resin
1 according to this example 3.

(Dimension of Substrate Made of Resin 1)

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm
Width of track 3, T;: 0.1 pum
Width of groove 2, Tp;: 0.05 um

Depth of groove 2, d: 0.08 um



48 Wdth of the bottom surface of groove 2A, T3: 0.015
i mDepth of groove 2A, d: 0.08 pm Sur face
roughness of the top surface of track 3A, TRa: 1.2 nm
Surface roughness of the side surface of groove 2,
SRa: 3.0 nm Surface rpgighness of the bottom
surface of groove 2, BRa: 9.0 nm In this
exanple 4, width Tl of track 3A and width T2 of groove
2 satisfy the relationship of equation (1): T2/5 < T2
< 5T2. Further, width T2 of the top surface (the
out ernost surafce) track 3A and depth d of groove 2
sati 8eyfape reprghpeAshPp bhee§ort FBnLpZR: of/ bracko3<TRa:
5d. Further, width T2 of the upper part of groove 2A
1.andmw dth T3 of the bottom surface of groove 2 satisfy
the rel ationship of equation (5). Further, surface
rougbuesacenreaghnessfl acethat ksteesutliaceebdt genshep2 Sra:
of equation (4): TRa < SRa 5 BRa. (Formation of Cover
4 . baygr)

Surface roughness of the bottom surface of groove 2
BRa: 4.5 nm

In this example 3, width T; of track 3 and width T, of
groove 2 satisfy the relationship of equation (1): T,/5 < T
< 5T,. Further, width T; of track 3 and depth d of groove 2
satisfy the relationship of equation (2): d/5 < T; < 5d.
Further, surface roughness on each surface satisfies the
relationship of equation (4): TRa < SRa = BRa.

(Formation of Cover Layer)

Also in this example 3, a Ni layer and a Nip layer were
formed on substrate made of resin 1 as cover layers similar
to example 1. Thickness of each layer is same as example 1.
And a magnetic layer comprising Co type alloy was formed on
said cover layer by spattering, whereby a magnetic recording
medium was fabricated.

Thickness of magnetic layer: 80 nm

(Evaluation)

After a magnetic layer had been formed on substrate

made of resin 1, the state of a magnetic layer and a cover



Also in this exanple 4, a Ni layer and a Nip | ayer
were formed on substrate nmade of resin 1C as cover
| ayers simlar to exanple 1. Thickness of each |ayer
is same as exanple 1. And a magnetic |ayer conprising
Co type alloy was fornmed on 449 said cover |ayer by
spattering, whereby a magnetic recordi ng nedi um was
fabricated. Thickness of magnetic layer: 200 nm
(Eval uati on) After a magnetic |ayer had been
formed on substrate nmade of resin 1C the state of a
magnetic |ayer and a cover |ayer grooves 2_was o
lagbEeiReroPNeshils Wasappserye rriFPaF is exampile 3, pimilar
has been confirmed that a nagnetlc | ayer and a cover
tol ayempde adj acebhfst backs cdnfdmeederdatbrongigneatic layer and
contact each other and that groove 2 was not enbedded
a \totrBralaggrebinC akdjgpeen®r tadacheed hwayes ndvient Miqught in
transfer precision of a groove shape froma nolding

coﬁ't@.c‘ﬁ'aéabﬁp(:‘?_ﬁ%g‘ and thiat RERRRE of RARSHRIL RIBHIRIRN with a
a groove shape froma nol ding die has been inproved

magég%' afageaxg g ehRL aaskp of equation (5).

Further, it has been proved that groove 2 is not
embedded with a magnetic layer or a cover layer even in the
case of forming groove 2 on the both surfaces of substrate
made of resin 1.

(Example 4)

In this example 4, a specific example of substrate made
of resin 1C (modified example 2) shown in Fig. 5 will be
explained. In this example 4, groove 2A was formed on one
surface of substrate made of resin 1C as shown in Fig. 5.
Herein, resin same as example 1 (polyimide) was utilized in
substrate made of resin 1C according to this example 4.

(Dimension of Substrate Made of Resin 1C)

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1C: 0.4 mm

Width of the top surface (the outermost surface) of
track 3A, T;: 0.025 um

Width of the upper part of groove 2A, Tp;: 0.02 um



In this exanple 5, simlar to exanple 4, a specific
exanpl e of substrate nmade of resin 10 (nodified
exanple 2) shown in Fig. 5 will be explained. In this
exanple 5, simlar to exanple 4, groove 2 was forned
on one surface of substrate gmde of resin 10. In this
exanple 5, width T2 of the upper part of groove 2A was
made wi der than exanple 4. 50 Herein, resin sane as
exanple 1 (polyimde) was utilized in substrate nade
of resin 10 according to this exanple 5. (D nension of
Substrate Made of Resin 10) Quter dianeter: 1 inch
(25. Wigtp Ofii threbotsbms ggtfaate ofadeoofer @8i,nTi: O 415 pm
nmm Wdth of top surface (outernost surface) of track

3A, Blpcl B8254RBbve 22, d: 0.08 pm

Surface roughness of the top surface of track 3A, TRa:
1.2 nm

Surface roughness of the side surface of groove 2, SRa:
3.0 nm

Surface roughness of the bottom surface of groove 2,
BRa: 9.0 nm

In this example 4, width T; of track 3A and width T, of
groove 2 satisfy the relationship of equation (1): T,/5 < T,
< 5T,. Further, width T; of the top surface (the outermost
surafce) track 3A and depth d of groove 2 satisfy the
relationship of equation (2): d/5 < T; < 5d. Further, width
T, of the upper part of groove 2A and width T; of the bottom
surface of groove 2 satisfy the relationship of equation (5).
' Fufther, surface roughness on each surface satisfies the
relationship of equation (4): TRa < SRa = BRa.

(Formation of Cover Laygr)

Also in this example 4, a Ni layer and a Nip layer were
formed on substrate made of resin 1C as cover layers similar
to example 1. Thickness of each layer is same as example 1.

And a magnetic layer comprising Co type alloy was formed on



W dth of upper part of groove 2A, T2: 0.025 m Wdth of

bott om surface of groove 2A, T3: 0.015 pm Depth of

groove 2A, d: 0.02 m Surface roughness of top surface

of track 3A, TRa: 0.8 nm Sur face roughness of

si de surface of groove 2, SRag 1.5 nm Sur f ace

roughness of bottom surface of groove 2, BRa: 3.0 nm

In this exanple 5, width Tl of the top surface of

track 3A and width T2 of the upper surface of groove

2A satisfy the relationship of equation (1): T2/5 < TI

< 5T2. Further, width Tl of the top surface (the )
sagdt €OvESt leiyierady) SHR eI BA ARF SR th "Bt tdrodireoxrding

satisfy the relationship of equation (2): d/5 < T1 <
mebld umFweshdrbriicettledl2 of the upper

Thickness of magnetic layer: 200 nm

(Evaluation)

After a magnetic layer had been formed on substrate
made of resin 1C, the state of a magnetic layer and a cover
layer in grooves 2 was observed. In this example 4, similar
to example 1, it has been confirmed that a magnetic layer and
a cover layer on adjacent tracks 3 were never brought in
contact each other and that groove 2 was not embedded with a
magnetic layer or a cover layer. Further, transfer precision
of a groove shape from a molding die was improved. In this
manner, transfer precision of a groove shape from a molding
die has been improved by satisfying the relationship of
equation (5).

(Example 5)

In this example 5, similar to example 4, a specific
example of substrate made of resin 1C (modified example 2)
shown in Fig. 5 will be explained. In this example 5,
similar to example 4, groove 2 was formed on one surface of
substrate made of resin 1C. In this example 5, width T, of

the upper part of groove 2A was made wider than example 4.



51 part of groove 2A and width T3 of bottom surface of
groove 2 satisfy the relationship of equation (3):
width T3 5 width T2. Further, surface roughness on
each surface satisfies the relationship of equation
(4): TRa < SRa s BRa. (Formagpon of Cover Layer)
Also in this exanple 5, a N layer and a Nip | ayer
were forned on substrate nmade of resin 1C as cover
| ayers simlar to exanple 1. Thickness of each |ayer
Is same as exanple 1. And a magnetic | ayer conprising
Co type alloy was formed on said cover Iayer
Heggdft eiafg WadeeAF £xpaiet ilc Lﬂqm%ﬁfunﬁﬁﬁuﬂq&%%zed in
fabricated. Thickness of magnetic |layer: 50 nm
supBralatast menle of resiMf tl€lr axaraghield ¢d djers leadhnigen 5.
formed on substrate made of resin 1C, the state of a
magneébiigehayen afdsabserarte apele iof @eedvedC? was
observed. In this exanple 5, simlar to exanple 1, it

has bgel Cenbiketed .t hat jAcARQASt kCmhpyer and a cover
| ayer on adj acent tracks 3 were never brought in

Cont 4k faeh s%%e L4 Lhat grQove 2483, Rat sn@eﬂﬂed

th a magneti Ia er or a cover layer. Furt
g{:n%ngH Sfo CISIogu%%a%egroo%%r%E%Qeé%&%”‘a noEd%Q%ck 3A,

Ti: 0.025 um
Width of upper part of groove 27, Tp: 0.025 um
Width of bottom surface of groove 2A, T;: 0.015 pm

Depth of groove 2A, d: 0.02 um

Surface roughness of top surface of track 3A, TRa: 0.8

nm

Surface roughness of side surface of groove 2, SRa:
1.5 nm

Surface roughness of bottom surface of groove 2, BRa:
3.0 nm

In this example 5, width T; of the top surface of track
3A and width T, of the upper surface of groove 2A satisfy the
relationship of equation (1): T./5 < T; < 5T,. Further,
width T; of the top surface (the outermost surface) of track
3A and depth d of groove 2 satisfy the relationship of

equation (2): d/5 < T; < 5d. Further, width T, of the upper



52 (Exampl e 6) In this exanple 6, a specific
exanpl e of substrate nmade of resin 1C (nodified
exanple 3) shown in Fig. 6 will be explained. In this
exanple 6, as shown in Fig. 6, groove 2B was formed on
one surface of substrate madel of resin 1D and the side
surface of groove 2B was nmade into a curved shape.
Wher eby, the part of the outernost surface of track 3
was made into a tapered shape. Herein, resin sane as
exanple 1 (polyimde) was utilized in substrate nade
of resin 1C according to this exanple 6. (D nension of
pasyhef r%?%OMd%AoPn@eB’Fﬁth}D% @k ol epretertaqe | e groove 2
(25.4 mm Thickness of substrate nade of resin 1: 0.4
saphsfy the ¥edahiohshop efir fguatfiont éBhostwidll dbe)< gfidth
track 3B, Tl: 0.05 mWdth of upper part of groove 2A
T, . T2FutPe@rRmsurface roughness on each surface satisfies the
relationship of equation (4): TRa < SRa = BRa.

(Formation of Cover Layer)

Also in this example 5, a Ni layer and a Nip layer were
formed on substrate made of resin 1C as cover layers similar
to example 1. Thickness of each layer is same as example 1.
And a magnetic layer comprising Co type alloy was formed on
said cover layer by spattering, whereby a magnetic recording
medium was fabricated.

Thickness of magnetic layer: 50 nm

(Evaluation)

After a magnetic layer had been formed on substrate
made of resin 1C, the state of a magnetic layer and a cover
layer in gfooves 2 was observed. In this example 5, similar
to example 1, it has been confirmed that a magnetic layer and
a cover layer on adjacent tracks 3 were never brought in
contact each other and that groove 2 was not embedded with a

magnetic layer or a cover layer. Further, transfer precision

of a groove shape from a molding die was improved.



Wdth of bottom surface of groove 2A, T2: 0.10 m Depth
of groove 2A, d: 0.08 m Surface roughness of top
surface of track 3A, TRa: 1.5 nm Surface roughness of
side surface of groove 2, SRa: 53 Sur f ace
roughness of bottom surface s groove 2, BRa: 9.0 nm

(Example 6)

In this example 6, a specific example of substrate made
of resin 1C (modified example 3) shown in Fig. 6 will be
explained. In this example 6, as shown in Fig. 6, groove 2B
was formed on one surface of substrate made of resin 1D and
the side surface of groove 2B was made into a curved shape.
Whereby, the part of the outermost surface of track 3 was
made into a tapered shape. Herein, resin same as example 1
(polyimide) was utilized in substrate made of resin 1C
according to this example 6.

(Dimension of Substrate Made of Resin 1D)

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm

Width of top surface (outermost surface) of track 3B,
Ti: 0.05 pm

Width of upper part of groove 2A, T,: 0.20 pm

Width of bottom surface of groove 2A, T;: 0.10 pm

Depth of groove 2A, d: 0.08 pm

Surface roughness of top surface of track 3A, TRa: 1.5
nm

Surface roughness of side surface of groove 2, SRa:

9.0 nm



In this exanple 6, width T2 of the top surface of
track 3B and width T2 of the upper surface of groove
2B satisfy the relationship of equation (1): T2/5 < T2
< 5T2. Further, width T1 of the top surface (the
out ernost surface) of track s3A and depth d of groove 2
satisfy the relationship of equation (2): d/5 < Tl <
5d. Further, width T2 of the upper part of groove 2B
and width T3 of the bottom surface of groove 2 satisfy
the relationship of equation (5): wdth T3 5 width T2.
Further, surface roughness on each surface satisfies
t he $erfa¢enshupghoeseqobt bohtey) suTRace SRagpRAVE 2, BRa:
(Formati on of Cover Layer) Also in this exanple
9.6,na N |ayer and a NP |layer were fornmed on substrate
made of resin 1D as cover layers simlar to exanple 1.

Thi cknesisi of egagpPléayerwistBaTE &5 @ sur ek f track
magneti c | ayer conprising Co type alloy was fornmed on

3pS8hd GRUEH LAVSF e LT iNgsa MbeL EDYrSoPRUPEt Lt isfy the
recordi ng nedi um was fabricated. Thi cknhess of nagnetic

<o 155508, 07 CRBLUBHL 18], o/ SUASE SRR G
wiélt'jﬁ '%‘I aé é)k];e atcgrfaa(‘:]sg]u(:"ltfj:'ac.:ce1 a}/te}rle aggtgrnqgggrsuééace) of track
3A and depth d of groove 2 satisfy the relationship of
equation (2): d/5 < T; < 5d. Further, width T, of the upper
part of groove 2B and width T; of the bottom surface of
groove 2 satisfy the relationship of equation (5): width T;
= width T,. Further, surface roughness on each surface
satisfies the relationship of equation (4): TRa < SRa = BRa.

(Formation of Cover Layer)

Also in this example 6, a Ni layer and a NiP layer were
formed on substrate made of resin 1D as cover layers similar
to example 1. Thickness of each layer is same as example 1.
And a magnetic layer comprising Co type alloy was formed on
said cover layer by spattering, whereby a magnetic recording
medium was fabricated.

Thickness of magnetic layer: 100 nm

(Evaluation)

After a magnetic layer had been formed on substrate

made of resin 1D, the state of a magnetic layer and a cover



| ayer in grooves 2 was observed. In this exanple 5,
simlar to exanple 1, it has been confirned that a
magneti c | ayer and a cover |ayer on adjacent tracks 3B
wer e never brought in contact each other and that
groove 2 was not enbedded widsh a nmagnetic |ayer or a
cover layer. Further, it is possible to prevent
contact of a magnetic |layer and a cover |ayer on
adj acent tracks 3B each other by making the side
surface of groove 2B into a curved shape and the
outernost surface of track 3 .into a tapered shape. . .
layexadPl grepves 2 wapnopfpgvedanpfe #hig €paBPifcS. similar
exanpl e of substrate nmade of resin | E (nodified
toeguapbied) , showhasnbeeg. confiiirinede thasl ai nedgneract Bieayer and
exanple 7, as shown in Fig. 7, groove 2B was forned on
a ooeesulbgee oh stibateatetmadi&soBBr esire hEvekebeiomght in
resin same as exanple 1 (polyimde) was utilized in

cofithetr ahennadneef ahgsiRat3gaeeeedingalo nbti sndeadelde with a
simlar to exanple 1. (D nension of Substrate Made of

e e RIS Shal SP PoeialEr o G aener e Ty GEpEs Rl o
pr%nQQnﬁ“EEEESCQO%EQmégnéﬁ%aﬁ%&e‘%f ahla?%K BGer1ayR:0%n
adjacent tracks 3B each other by making the side surface of
groove 2B into a curved shape and the outermost surface of
track 3 into a tapered shape.

(Example 7)

In this example 7, a specific example of substrate made
of resin 1E (modified example 4) shown in Fig. 7 will be
explained. In this example 7, as shown in Fig. 7, groove 2B
was formed on one surface of substrate made of resin 1E.
Herein, resin same as example 1 (polyimide) was utilized in
substrate made of resin 1E according to this example 7
similar to example 1.

(Dimension of Substrate Made of Resin 1E)

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm

Width of top surface (outermost surface) of track 3C,

Ti: 0.02 um



55 Wdth of upper part of groove 2A, T2: 0.015 pm
Wdth of bottom surface of groove 2A, T3: 0.01 pm
Dept h of groove 2A, d: 0.01 pm Surface roughness of
top surface of track 3A, TRa: 1.5 nm Sur f ace
roughness of side surface ofsgmgroove 2, SRa: 2.5 nm
Surface roughness of bottom surface of groove 2, BRa:
5.0 nm

Wwidth of upper part of groove 2A, T,: 0.015 um
Width of bottom surface of groove 2A, T3: 0.01 pm

Depth of groove 2A, d: 0.01 um

Surface roughness of top surface of track 3A, TRa: 1.

nm

Surface roughness of side surface of groove 2, SRa:
2.5 nm

Surface roughness of bottom surface of groove 2, BRa:
5.0 nm

In this example 7, width T, of the top surface (the
outermost surface) of track 3C and width T, of the upper
surface of groove 2C satisfy the relationship of equation
(1): T3/5 < T; < 5T,. Further, width T; of the top surface
(the outermost surface) of track 3A and depth d of groove 2
satisfy the relationship of equation (2): d/5 < T; < 5d.
Further, surface roughness on each surface satisfies the
relationship of equation (4): TRa < SRa = BRa. Further,
width T, of the upper part of groove 2C and width T; of the
bottom surface of groove 2C satisfy the relationship of
equation (5): width T; < width T,. Further, groove 2C was

formed so that the cross-section shape of groove 2C is

5



In this exanple 7, wwdth Tl of the top surface (the

outernost surface) of track 3C and width T2 of the

upper surface of groove 2C satisfy the relationship of

equation (1): T2/5 < Tl < 5T2. Further, width Tl of

the top surface (the outernusd surface) of track 3A

and depth d of groove 2 satisfy the relationship of

equation (2): d/5 < T2 < 5d. Further, surface

roughness on each surface satisfies the relationship

of equation (4): TRa < SRa s BRa. Further, width Ty of

the upper part of groove 2C and width T3 of the bottom
asYUPEsEeCoRIBLBEe2DCALAF PRFSIRG FEIFRUPOnShrpCcspter of the

equation (5): width T3width T2. Further, groove 2C was
botppmedusdachabft proorves@Csecti on shape of groove 2C is

56 asymmetric agai nst an axi s passing through the

cent ¢Fophat benboft covsur f.agerpf groove 2C. (Fornation

of Cover Layer) Also in this exanple 7, a Ni

| ayes188dia dhbPs! ayanpver ¢, f ar fedigpesubssr at givadayet were

resin 1E as cover layers simlar to exanple 1.

£orRbEKBASSBELRAEA AR SPASSINE 18S 16X A0RES 1a @imilar
magneti c | ayer conprising Co type alloy was fornmed on

cos@hdnorer | axer by, spalk eLiog,1 Yher ehe A IRONSLl Coompre 1.

recor g medr um was ricat ed. ness o1 nmagne

l.ayer: 100.n
And X magneticnhayer comprising Co type alloy was formed on

said cover layer by spattering, whereby a magnetic recording
medium was fabricated.

Thickness of magnetic layer: 100 nm

(Evaluation)

After a magnetic layer had been formed on substrate
made of resin 1E, the state of a magnetic layer and a cover
layer in grooves 2C was observed. In this example 7, similar
to example 1, it has been confirmed that a magnetic layer and
a cover layer on adjacent tracks 3C were never brought in
contact each other and that groove 2C was not embedded with a
magnetic layer or a cover layer. Further, molding of
substrate made of resin 1E by means of an extrusion molding
utilizing a molding die becomes relatively easy.

(Comparative Example)

Next, a comparative example against above-described

examples 1 — 7 will be explained. Resin same as such as



(Eval uati on) After a magnetic |ayer had been
formed on substrate made of resin 1E, the state of a
magneti c | ayer and a cover |ayer in grooves 2C was
observed. In this exanple 7, simlar to exanple 1, it
has been confirnmed that a magmetic | ayer and a cover
| ayer on adj acent tracks 3C were never brought in
contact each other and that groove 2C was not enbedded
with a magnetic |ayer or a cover |ayer. Further,
nol di ng of substrate nade of resin | E by nmeans of an
extrusi on nDIdin% utilizing a nolding die becones
expapaei vel(podydpl @@0W§§r&$ﬂ@ézﬁﬂaﬁﬁl@PbStrate Negde, of resin
conpar ati ve exanpl e agai nst above-descri bed exanples 1
aceo¥dunpl tbeteipl abnpdraRésienexamplas such as 57
exanple 1 (polyimde) was utilized in substrate nmade
of repimnefsconhdbBgstibsthh8ecmApar afi resenafgpkérding to

(Dinmension of Substrate Made of Resin according to
colBARAEALEY @xBXRAR) €)

Outer diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm
Width of track T;: 0.1 um
Width of groove T,: 0.01 um

Depth of groove d: 0.01 um

In this comparative example, width T; of track is
broader than 5 times of width T, of a groove. Further, width
T, of track is broader than 5 times of depth d of a groove.

(Formation of Cover Layer)

Also in this comparative example, a Ni layer and a NiP
layer were formed on substrate made of resin 1E as cover
layers similar to example 1. Thickness of each layer was
same as such as example 1. And a magnetic layer comprising
Co type alloy was formed on said cover layer by spattering,
whereby a magnetic recording medium was fabricated.

Thickness of magnetic layer: 80 nm



Quter dianeter: 1 inch (25.4 m) Thickness of

substrate nmade of resin 1: 0.4 mMm Wdth of track T1:

0.1 mWdth of groove T2: 0.01 m Depth of groove d:

0.0l m In this conparative exanple, width Tl of

track is broader than 5 tinmss of width Ty of a groove.

Further, width Tl of track is broader than 5 tinmes of

depth d of a groove. (Fornmation of Cover Layer)

Also in this conparative exanple, a N layer and a N P

| ayer were fornmed on substrate nade of resin | E as

cover_layers simlar to exanple 1. Thickness of each

| ayefEV@REUR%EHeMhs such as exanple 1. And a nmgnetic

| ayer conprising Co type alloy was fornmed on said

covekfteyer myIrphicetavigr hwdredsnafatgadt pe substrate

recordi ng nedi um was fabricated. Thickness of nmagnetic
madayef: r88innlE, the state of a magnetic layer and a cover

layer in grooves 2C was observed. In this comparative
example, it has been confirmed that magnetic layers and cover
layers on adjacent tracks were brought in contact each other
and that a groove was embedded with a magnetic layer or a
cover layer. Therefore in a magnetic recording medium
utilizing substrate made of resin in comparative example in
this manner, it becomes difficult to stably perform read-out
and write-in of data.

In the above manner, by a substrate made of resin
according to examples 1 - 7 of this invention, since a groove
is never embedded with a cover layer or a magnetic layer, it
is possible to stably perform read-out and write-in of data
by a magnetic recording medium utilizing the substrate made
of resin of examples. On the other hand, by a substrate made
of resin according to a comparative example, since a groove
is embedded with a cover layer or a magnetic layer, it
becomes difficult to stably perform read-out and write-in of
data. Therefore, by utilizing a substrate made of resin
which satisfies the relationship of “T,/5 < T; < 5T,” with

respect to width T; of a track and width T, of a groove, a



58 (Eval uati on) After a magnetic |ayer had been
formed on substrate made of resin 1E, the state of a
magneti c | ayer and a cover |ayer in grooves 2C was
observed. In this conparative exanple, it has been
confirmed that magnetic |ayess and cover |ayers on
adj acent tracks were brought in contact each other and
that a groove was enbedded with a magnetic |ayer or a
cover |ayer. Therefore in a magnetic recordi ng nmedi um
utilizing substrate made of resin in conparative
exanple in this manner, it becones difficult to stably
grpeveoifh Pehdevheddrd Withe2i Ragnegafalayer or pncpHer layer
above manner, by a substrate made of resin according
tot enekaapEabricatioonf ofhasmpgrehticonecoirddagamgidume 1pg from
never enbedded with a cover |ayer or a nagnetic | ayer,
whiithi dapassahl et arstabhyapedr tenm seabdigut Rudthetri ebyn
of data by a magnetic recording nediumutilizing the

utsubsthgt &8 pBEStehtEemhAcObrexaBRphesnion theiekhes the
hand, by a substrate nade of resin according to a

. ve . exagpke i Nncec qu e ; a
T o P Rt 5 Ty ey PN Prp R P T o =
t 9, st ahl fQqrmread- gut .and _wite-in of data. .
crafir afar doBE) & 1 PERTRL aBbie RrbBikle ke Rabrcare
whi ch satisfies the relationship of "Té/s < Tl < 572"
maghehR1ifeEpeer AL BInmaLAUR2 EgPmd 1py Zélg‘RLC]é‘n ahPdCRATPS o egqd and
groove, a 59 groove is not enbedded with a magnetic
wrihyep sprhhesveEabayer to enable fabrication of a
magneti ¢ recordi ng medi umin/fromwhich data can be
wri tHiencand readastbbéy. pFavefiethabytbei amengféect as
substrate nade of resin which satisfies the
subetabtenshp of rdbéIn<attordidy wot bxaeppeet it o Vi dhls
Tl of a track and depth d a groove, it is possible to

exh@Bi tEat sgasae%%y&ﬁgr efar dendcaBdkunpf e,/ ghich, < 57,7
data can be read and " witten further Stably.

and the relationship of “d/5 < T; < 5d” even with a substrate
made of resin prepared under a different condition other than
those explained in examples 1 - 7.

(Example 8, Comparative Example)

Data was written to magnetic recording media which had
been fabricated in examples 1, 2 and 3 and a magnetic

recording medium fabricated in a comparative example by use
of a magnetic head having a width of a writing line (TW) of
0.1 pum. Any of the combinations of this magnetic head and
these magnetic recording media satisfies equation (3): ‘T1/2
< TW < T; + 2T,. A magnetic recording media fabricated in

examples 1 - 3 exhibited excellent magnetic recording



Herein, it has been proved that the sane effect as
substrate nmade of resin according to exanples 1 - 7
was exhi bited by satisfying the relationship of "T2/5
< Tl < 5T2" and the relationship of "d/5 < Tl < 5d"
even wth a substrate made oforesin prepared under a
different condition other than those explained in
exanples 1 - 7. (Exanple 8, Conparative Exanple)

Data was witten to magnetic recordi ng nmedi a whi ch had
been fabricated in exanples 1, 2 and 3 and a nagnetic
recordi ng nmedium fabricated in_a conparative exanp
chpyagsersFtachngnet PEakésd KEAFAG Hrwt&rﬁnof’fad\ﬂnt?‘tll ﬁ’ ile a
line (TW of 0.1 pm Any of the conbinations of this

magngheti teheadiagdmeléve fapmeratededor di pgmpadipgive example

satisfies equation (3): TI/2 < TW< Tl + 2T2. A

exhnghetdcineceandedgnoidiea tbabeiteat edate exapplddengl - 3

exhi bi ted excel l ent nmagnetic recording 60

chebakaeteskstscs and enabl ed stable wite-in of data,

whil e a nmagnetic recording nediumfabricated in a
conparative exanpl e exhibited increased noise to
deteriorate recording characteristics.



61 What is clainmed is: 1. A substrate to be included
in a magnetic recordi ng nedi um having a disc form and
a surface of the substrate is made of a resin, the
substrate conprising: a non-magnetic material as a
base material; wherein 61 a plurality of coaxia
grooves and a plurality of tracks are forned on the
surface, and wherein each width of the grooves are
Whanarirsowdr itneomitshe surface to the interior of the
substrate. 2. The substrate to be included in a
magneti ¢ recordi ng nedi um according to claiml,
wherein at | east one side surface of each of the

. coaxi al;pg9reQyes tbspkNghi-nedew th kespgekttie tBeording
surface of the substrate. 3. The substrate to be

medl%?n %%S{q \%eadl%@%tar?n recPrding fed Wp a¢eording L3 is

rern an ncI|nat|on angle of the inclined
S|de surface i The substrate to be
maden Al ged §5 zé’fnest‘ﬁbc%l@% r&oﬁﬁ)rﬁés&l "#h according to
claim?2 or 3, wherein a curved surface is i.n erv$Ped

bet ReBRPrREISEEE Cs Pt 8dd 2df a5hé@ PACK BRtERdadsayigrein

grooves and the surface of the substrate.
a plurality of coaxial grooves and a plurality of

tracks are formed on the surface, and wherein each width of
the grooves are narrower from the surface to the interior of

the substrate.

2. The substrate to be included in a magnetic recording
medium according to claim 1, wherein at least one side
surface of each of the coaxial grooves is inclined with

respect to the surface of the substrate.

3. The substrate to be included in a magnetic recording
medium according to claim 2, wherein an inclination angle of

the inclined side surface is from 45° to 90°

4., The substrate to be included in a magnetic recording
medium according to claim 2 or 3, wherein a curved surface is
intervened between the side surface of the each of the

coaxial grooves and the surface of the substrate.



62 5. The substrate to be included in a magnetic
recordi ng nedi um according to claim1, wherein the
side surface of each of the coaxial grooves has a
curved surface form 6. The substrate to be incl uded
in a magnetic recording ned?%n1according to claimb5,
wherein the side surface having a curved surface form
is a curved surface having a convex surface form 7.
5. TheTskbstbateatte he beclindédden annmagmetinetiecaoediomging
medi um according to claim5, wherein the side surface
medlam G R eumed sWifaee 1If oRdreid aleved RUIflad@ce of each
having a concave surface form 8. The substrate to be
of it ydedin & mRgnat e 4 econdivag RAiARAGEYi ng to
any one of clainms 1 to 7, wherein the coaxial grooves
are divided by a predeterm ned uneven pattern at a
predeterm ned position in a circunferential direction
of the substrate. 9, The substrate to be included_in
6. a nd eFPgSF§@5FdFﬁgbﬁe&Pﬁ Ngedor i Ag PG REtACmtECOraing
wherei n grooves and uneven patterns are fornmed on the
medigih XiFFeshey §o (He iy Pt mdiegein the side surface having

a curved surface form is a curved surface having a convex

surface form.

1. The substrate to be included in a magnetic recording
medium according to claim 5, wherein the side surface having
a curved surface form is a curved surface having a concave

surface form.

8. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 7, wherein the
coaxial grooves are divided by a predetermined uneven pattern

at a predetermined position in a circumferential direction of

the substrate.

9. The substrate to be included in a magnetic recording
medium according to claim 8, wherein grooves and uneven

patterns are formed on the both surfaces of the substrate.



63 10. The substrate to be included in a magnetic
recordi ng nedi um according to claim9, wherein the
grooves and the uneven patterns, which are formed on
the both surfaces of the substrate, are forned at
symetric positions with re@%ect to a center in a
thi ckness direction of the substrate as an axis. 11.
The substrate to be included in a nagnetic recording
10.nedifam acbetdieng to beaimcdudebernei B peghntitonsrefotrhdeng
grooves and the uneven patterns, which are formed on
medihg Reidy rsurfaees Afaih® ,subsidedhe theoigieicde.s ahdl thke
substrate to be included in a magnetic recording

une%%' WRARCEH NG il Gl Po¥methereithe Rt QAMERRRA of the
t he uneven patterns, which are forned on the both

subs.s%rrfa%%es a‘?:fe tf%q:m%léb Str % OIE?LCE 13 2SR LA spect to

positidns Wi th respect Y cent a thickness

. gyt o st %ﬂé%te%&a%nﬁ%fétﬂe suiv@otrr&.tﬁg 2s en

medi um according to claim9, wherein positions of the
aXlgr-ooves and the uneven patterns, which are fornmed on

the both surfaces of the substrate, do not coincide.

64 14. The substrate to be included in a magnetic

recordi ng nmedi um according to any one of clains 1 to
11.13, Thkesealbs tirhe es tibs bratia cdatiesf iies at hegerpriessieorrding

medium according to claim 9, wherein positions of the grooves
and the uneven patterns, which are formed on the both

surfaces of the substrate, coincide.

12. The substrate to be included in a magnetic recording
medium according to claim 9, wherein the grooves and the
uneven patterns, which are formed on the both surfaces of the
substrate, are formed at asymmetric positions with respect to
a center in a thickness direction of the substrate as an

axis.

13. The substrate to be included in a magnetic recording
medium according to claim 9, wherein positions of the grooves
and the uneven patterns, which are formed on the both

surfaces of the substrate, do not coincide.



TRa < SRa BRa where TRa is a surface roughness
at a place between the coaxial grooves, SRa is a
surface roughness on the side surface of the coaxi al
grooves and BRa is a surface roughness at the bottom
of the coaxial grooves. 15%4The substrate to be
i ncluded in a magnetic recordi ng nmedi um according to
claim 14, wherein the substrate satisfies the

14 .exprassisobstRate 2onbe $Raleddd nnmeandgBRaic recpmding
16. The substrate to be included in a magnetic

medi@EPEHRG ITBE WY aEBOIHNG ft @ 1anysone wof 1d,aiiRrkito the
13, wherein cross-sectional formof each of the

su§§¥P% SHAMES d §HRSWIRIIIG fgai nst an axi s passing

[
hrough a center of the each groove. 17. The
subgtrate tao be_ncluded in a magnetic recording
nedﬁu ac EFanERFo any one of clainms 1 to 16, wherein

a wavi ness val ue f_th [
notw@&g& pﬁgni§0axgu%égzeer%%B%%%%sogttgepa%%%t%%%%eg% the

coaxial grooves, SRa is a surface roughness on the side
surface of the coaxial grooves and BRa is a surface roughness

at the bottom of the coaxial grooves.

15. The substrate to be included in a magnetic recording
medium according to claim 14, wherein the substrate satisfies
the expression

TRa < 2 nm, SRa < 10 nm and BRa < 10 nm.

16. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 13, wherein cross-
sectional form of each of the coaxial grooves is asymmetric

against an axis passing through a center of the each groove.

17. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 16, wherein a
waviness value Wa of the surface of the substrate is not more

than 30 A.



18. The substrate to be included in a magnetic
recordi ng nedi um according to any one of clains 1 to
17, wherein a mcro-wavi ness val ue MM of the surface
of the substrate is not nore than 30 A, 19. The
substrate to be included i n°& nagnetic recording
medi um according to any one of clains 1 to 18, wherein
t he coaxial grooves are formed by a nol di ng net hod.
18.20. Thhessbbstrratetbobbkeinnthddddinnaameggréticcrecording
recordi ng nmedi um according to any one of clainms claim
medl U0 alt@orehereitd angovele loZyerahag ngta uhi ckhessiof a
not |l ess than 10 nm and not nore than 300 nmis forned
mi cR4RG 1S URS! FAhGe Mtk o8 nBURSHFALe b2 R Reludedtienis
a magnetic recordi ng nmedi um according to claim 20,
noﬁﬂ$%y§ nh%ge3%ugﬁyrate satisfies the expression To < 3d
ere Tcis a i ckness of a cover layer and d is a
depth of each of the coaxial grooves. 22. The
substrate to be included in a magnetic recording

medi um according to any one of clainms 1 to 21, wherein
19.t heThe substrate to be included in a magnetic recording

medium according to any one of claims 1 to 18, wherein the

coaxial grooves are formed by a molding method.

20. The substrate to be included in a magnetic recording
medium according to any one of claims claim 1 to 19, wherein
a cover layer having a thickness of not less than 10 nm and

not more than 300 nm is formed on the substrate.

21. The substrate to be included in a magnetic recording
medium according to claim 20, wherein the substrate satisfies
the expression

Tc < 3d

where Tc is a thickness of a cover layer and d is a

depth of each of the coaxial grooves.

22. The substrate to be included in a magnetic recording

medium according to any one of claims 1 to 21, wherein the



66 non-magnetic material as the base material is
conprised of resin. 23. The substrate to be included
in a magnetic recordi ng nedium according to any one of
claiml1l to 21, wherein the non-magnetic material as
the base material is conpri%®ed of glass or a
non-magnetic netal material. 24. A nmagnetic recording
medi um conprising: the substrate to be included in a
nonFagnReldtd o eaardiing reditim ofasenynaareeiefl dlsaicomplitsed of
23; and a magnetic |ayer accunul ated on the substrate.
resin.

23. The substrate to be included in a magnetic recording
medium according to any one of claim 1 to 21, wherein the
non-magnetic material as the base material is comprised of

glass or a non-magnetic metal material.

24. A magnetic recording medium, comprising: the substrate
to be included in a magnetic recording medium of any one of
claims 1 to 23; and a magnetic layer accumulated on the

substrate.



