1 SPECI FI CATI ON MAGNETI C RECORDI 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 nedium and a nmagnetic
recording mediumutilizing sa d substrate to be
included in a nagnetic recordi ng nedium and
particularly relates to a substrate to be included in
a magnetic recording medium enploying a non-magnetic
substrate the surface of which is conprised of resin,
and a magnetic recording nediumutilizing said
substrate to be incl udEPECIRICARECGN i c recordi ng

medi um  BACKGROUND OF THE | NVENTION There is a
tendency that a recording capacity of a nagnetic
recording device such as a hard disc drive device is
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brought in practical use. This vertical recording
method is a recording nmeth B record by vertica
magneti zation against the rnterror plane of a
recordi ng layer of a magnetic recording nedium and is
2 capable of recording at a high density. However, in

FI%LD 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 cf a
magnetic reccrding 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



vertical recording nethod, there is a problemof a

recording failure or a reproduction failure due to a

witing action on the adjacent tracks by side

fringing generated fromthe side surface of a

magnetic head in the case of a recording density of

not less than 100 Gbt/int. Therefore, a so-called

di screte nmedium (hereinafter, referred to as "a DT

medi unf'), in which a groove is forned along the

circunferential direction of a magnetic recording

medi um and the inter-track is physically separated by
capaide ofagreidzziing reagiorthigh niengecor ddoyeveyionn a

where witing is inpossible, is proposed (for
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According to this DT nedium it is possible to avoid
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probl enms characteristic tq a magnetic recording
ofnp@iturhassyithgra QPRI ty recording capability can
be avoided. 3 Patent document 1: JP-A 5-28488
( her Bheakfere ,JB- Ao-ehdilsed dikapmtes amefbituant (hereinafter,
Publ i cati on Open to Public
referred to as *“a DT medium”), in which a groove is formed
along the circumferential direction of a magnetic recording
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.



I nspection No.) Patent docunment 2: JP-A 2005-293633
SUMVARY OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY TH S
I NVENTI ON However, a substrate of a flat plate form
non-magnetic material is utilized in a conventiona

DT nmediumand it is necessary to accunul ate a soft
magnetic | ayer and a nagneti ¢ |ayer on said substrate
of a non-magnetic material and to conduct patterning
by nmeans of such as a nano-inprint nethod, a

phot ol i t hogr aphi ¢ net hod and an el ectron draw ng
method in fabrication of a DT nedium Such a
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of significant cost up in a fabrication process for a

reFURPHS JREOILN AR Il M orf A %o TRISBLE On

f a great "anobunt of recordi ng capacity of a l|large

rea. .Further,, a DT medi um enploying a plastic
In% %%¥?§#%gﬂbrovided with a nol ded groove by one-shot

nmol ding i s proposed; however, a_nmagnetic recording
nediﬁﬁ%?ﬁFfF&ﬁl 2=daFB'@aH°Bé'%§P?%én or read nore

stably is desired. 4 This invention will solve the

above-descri bed problem and the object is to provide a

substrate to be included in a magnetic recording
SUMMARYMOFU i THED | ITVEBNTIONDT nedi um and

PROBLEMS TO BE SOLVED BY THIS INVENTION

However, a substrate of a flat plate form non-magnetic
material is utilized in a conventional DT medium and it is
necessary to accumulate a soft magnetic layer 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 meolding is
proposed; however, a magnetic recording medium in/from which

data can be written or read more stably is desired.



capabl e of being easily fabricated without requiring a
conpl ex process. Further, provided is a substrate to
be included in a magnetic recordi ng nmedi um capabl e of
fabricating a magnetic recording nmediumin/from which
data can be witten and read, stably. Further, an
object of this invention is also to provide a
magneti ¢ recording medium wutilizing the aforesaid
substrate to be included in a magnetic recording

medi um MEANS TO SOLVE THE PROBLEMS The inventors
according to this application have found that, in
consirdesatineenafionherindl aldlarshibe latovesnies ot iidd gfroblem
a groove formed on a substrate to be included in a
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and a wdth of the "convex top constituting a surface
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magneti c | ayer on the substrate. As a result, by
fabtriikiaziing a swigstatdtce tepdialiing Imetbidin niny/ fregmetiich data
can be written and read stably. Further, an object of this
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




recording mediumof this invention, it is possible to
fabricate a magnetic recording nmediumin/from which
data can be witten in and read out stably. The first
enbodi nent of this invention is a substrate to be
included in a magnetic recorq ng nmedi um having a di sc
formand a surface of the substrate is nade of a
resin, the substrate conprising: a non-magnetic
material as a base naterial; wherein a plurality of
coaxi al grooves are forned on the surface, and the
plurality of coaxial grooves satisfies the expression
préeht< the §robletejin drbetiddditvl i mddietMal layer, in
bet ween adj acent grooves of the coaxial grooves and

the? chged oM HfrniinLal hafnddi® 1GRARY aln HWHOVRRsthite. As a
second enbodi nent” of this invention is the substrate
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is the substrate to be included in a magnetic .
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or second enbodi nent, wherein T3 s T2 (herein, T3 =0
bej yriiftlenddd) aingd gwEdsfaudd siedrler.a wi dth of an

The first embodiment of this invention is a substrate
to be included 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 cecaxial grooves are formed
on the surface, and the plurality of coaxial grooves
satisfies the expression

T./5 < Ty < 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 < T; < 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



upper part of each of the coaxial grooves is T2 and a
width of a bottom part of each of the coaxial grooves
is T3. The forth enbodinent of this invention is the
substrate to be included in a magnetic recording

medi um according to either of the first or second
enbodi nent, wherein the wdth of each of the coaxial
grooves is nmade gradually narrower fromthe surface
to the interior of the substrate. The fifth enbodi nent
of this invention is the substrate to be included in
a magnetic recording nmedi umaccording to either of

eitthe f IOfStthy fSe6aN e EbmE nbodlimieit, tWiserseile T; < T,
surfaces of each of the coaxial grooves is a flat

(HR@Ne, &f,0SSpngssthahghbadgaknaheliRe isW WAee 0l tARth of an
substrate. The sixth enbodi ment of this invention is
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maccording to any one o
enbodi nents, wherein at | t one side surface. of
O R B o Ih S the, TS TS e Rt
to the surface of the substrate. The seventh
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included in a magnetic recording nedium according to
ta e sinalmdadhddi memagngdtdreireearding inrdiwn agerrding to
the inclined side surface is from45 to 90. 7 The
eigihght lofedhedifiestt afr tdeécoridh\emdadimerst t hvherein the width
of each of the coaxial grooves is made gradually narrower
from the surface to the interior of the substrate.

The fifth embodiment of this invention is the substrate
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 seventh 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°.



substrate to be included in a magnetic recording
medi um according to either of the sixth or seventh
enbodi ment, wherein a curved surface is intervened
bet ween the side surface of each of the coaxia
grooves and the surface of the substrate. The ninth
enbodi nent of this invention is the substrate to be
included in a magnetic recordi ng nedium according to
any one of the first to forth enbodi nents, wherein the
side surface of each of the coaxial grooves has a
curved surface form The tenth enbodi nent of this

I Nverheor iighthhentiddkieaite off aties iinsiardeicbrn nisA the
magneti ¢ recordi ng nmedi um according to the ninth
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surface forn1|s a curved surface having a convex

acL A Yy rE:L %Vﬁ{g %{mdém\féﬁtﬂ I']éﬂst‘laod.1ment:

|nvent|on I S t strate to be included

netic recor dlun1 a cordi ng,t.0 the m
WSS AR ot a‘%ﬁm EEiia chil P o e e
surface forn1|s curved surface haV|n concav
SUTACR. O GARD Trie TR I GAH b GTHORFRS (NG HiRS | SHERATSPE the
IS the substrate to be included in a nmagnetic
substadEdieng medi um 8

The ninth 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 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



according to any one of the first to tenth

enbodi nents, wherein T1/2 < TW< T1 + 2T2 is
satisfied in a magnetic recording device nmounted with
the substrate when a line width of a witing line of
a magnetic head equipped in tgwe magneti c recording
device is TW The thirteenth enbodi nent of this
invention is the substrate to be included in a
magnetic recordi ng nmedium according to any one of the
first to twelfth enbodi nents, wherein the coaxi al
grooves are divided by a predeterm ned uneven pattern
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direction of the substrate. The fourteenth enbodi nent
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recordln medi um according to the fourteenth
regrpodi %%levjwﬁ@erleﬁ MmW-he grooves and the uneven
patterns, which are fornmed on the both surfaces of
the Fhsstharsceatd ombesdments pimdtiisc igvntiinTs isythe
respect to a center in a thickness direction of the
subslistrtat ecabeaanireligled in a magnetic 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 te 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

subgtrate as an axis.



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, which are fornmed on,the both surfaces of
the substrate, coincide. The 'seventeenth enbodi nent of
this invention is the substrate to be included in a
magneti ¢ recordi ng medium according to the fourteenth
enbodi nent, wherein the grooves and the uneven
patterns, which are fornmed on the both surfaces of

the subskhigteenthe esmbotthedit aFy WHElY IivRefdfdroniss the
with respect to a center in a thickness direction of
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of this invention is the substrate to be included in
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satisfies the expression TRa < SRa s BRa
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 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 cne of the first to eighteenth embodiments,
wherein the substrate satisfies the expression

TRa < SRa = BRa



10 where TRa is a surface roughness at a pl ace

bet ween the coaxi al 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
coaxi al grooves. The tmentieﬁg enbodi nent of this
invention is the substrate be included in a
magneti ¢ recordi ng medium 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

subsihate tTRabési BClsuded den @ umRgRels Gy ec Wlddy) between the

medi um according to any one of the first to twentieth
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the coaxial grooves 1is asynmetric against an axis
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-second e of this inventionis
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tment -first enbodi nents, wherein an wi nding val ue Wa
of tKBesEEREESSD SMhedmest Sfe Ghd sndnvRRtd Athard Je
A. The twenty-third enbodi nent of this invention is
sublsé raggb s e i yslach cliru de dnggnet imgreaend kg greilign
medi um
according tc 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
1s 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



according to any one of the first to twenty-second 11
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 nrent of this invention is the
substrate to be included in magnetic recordi ng

medi um according to any one of the first to
twenty-third enbodinments, wherein the coaxial grooves
are formed by a nolding nethod. The twenty-fifth
enbodi ment of this invention is the substrate to be
included in a magnetic recordi ng nmedium according to

emddyi iR tef, WiRddirsta il dueiihditg dralrioiarest sSthe surface
wherei n the coaxial grooves are forned by a
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invention is the substrate to be included in a
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the twenty-sixth enbodi nents, wherein the substrate
embgdimenss , tm@apquggmbmoax1al grooves are formed by a

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 cf 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 inventicn is the
substrate to be included in a magnetic recording medium
according to the twenty-sixth embodiments, wherein the
substrate satigfies the expression

Tc <« 3d



Tc < 3d 12 where Tc is a thickness of a cover |ayer
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 one,9f the first to
twenty-seventh enbodi nents, Wherein the non-nmagnetic
material as the base naterial 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

t weniwegsevent hs ankbdickiriss, ofher eidvdrhdayenr naghel iis a
material as the base material is conprised of glass

dePha JFORABINA! ithdRiGExidMifdRles . The thirtieth
enbodi nent of this invention is a magnetic recording
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EFFECTS OF THE | NVENTI ON According to this invention,
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IS enbedded with a magnetic |ayer
embodiments, wherein the non-magnetic material as the base

material is comprised 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 cf 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 recocrding 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



in the case of accunulating a nmagnetic |ayer on a
substrate 13 to be included in a magnetic recording
medi um Thereby, a substrate to be included in a
magneti ¢ recordi ng medium according to this invention
is capable of fabricating a ?agnetlc recordi ng nmedi um
in/fromwhich data can be wi and read out

stably. Further, by form ng a groove on a substrate to
be included in a magnetic recordi ng nmedi um

patterning of a magnetic |ayer by neans of such as a
nano-inprint nethod is not required and it is

top®esiiblcg uded aby isC adafyrie HIRY NRId rd iTRE et gn Nedheelby, a
a process nunber |ess than a conventional process
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magnetic recordi ng nmedi um having a groove formed by a
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e I's easy fabrication a nagnetlc recor
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di e. BRI EF DESCRI PTI ON CF THE DRAWNGS Fig. 1 is a
ang, geads outi &vaPWi-ew of a substrate to be included in

a magnetic recordi ng nedi um according to an
enbogbwshereof byhiformiveng 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 metheod
such as an extrusion meolding 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.



14 Fig. 2 is a cross-sectional view of a substrate to
be included in a magnetic recordi ng nedi um accordi ng
to an enbodinent of this invention. Fig. 3 is a
cross-sectional view of a substrate to be included in
a magnetic recording nediun1§gcording to a nodified
exanple 1. Fig. 4 is a cross-sectional view of a
substrate to be included in a magnetic recording

medi um according to a nodified exanple 1. Fig. 5is a
cross-sectional view of a substrate to be included in
a magnetic recording nmediumaccording to a nodified
exanplig.22 Ekga €rb$saseceisnsdchiienalofvisewudistrate to be
substrate to be included in a magnetic recording
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cross-sectional” view of a substrate to be included in

I G r.di, [ according to a nodified
em%??n%‘l@@t%?’fﬁ@%ﬁu ﬁ%g’éﬁ%gjf’w% SYMBOLS 1, 1A, 1B, 1C
éD’ 3 §93%§b§t&rg§ l%gérg%%gs%fctri%&a v21’ew2'g’f %B’su%%tx%rt%ovt% be

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

Fig. 4 is a cross-sectional view of a substrate to be
included in a magnetic recording medium according to a
modified example 1.

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

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

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

modified example 4.

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

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



15 4: magnetic |layer 5: magnetic head DETAI LED
DESCRI PTI ON OF THE | NVENTI ON A substrate to be
included in a magnetic recording nedium according to
an enbodi nent of this invention will be explained in
reference to an exanpl e of algubstrate to be included
in a magnetic recording nediumof Fig. 1 and Fig. 2.
Fig. 1 and Fig. 2 are cross sectional views of a
recording nedium substrate according to an enbodi nment
of this invention. Substrate made of resin 1 has a
disk formand is provided with a hole at the center
to be:uthmidgAediaslayesubstrate of a magnetic recording
medi um such as a hard disc. This substrate nmade of
resiB.1l fREREEPONESa4H0 @ substrate to be included in
a magnetic recording nmediumof this invention.

Grooves are coaxially forned at every predetern ned
interval on the surface of substrate made of resin 1.

DEE-%&LEI; PﬁﬁRgfpwogggﬁgt%qW sectional view

ong t Aeradi us Of "substrate nade of resin

1. As shown in the_ cross-sectjqnal view of, Fig. 1,

gr oofe§UBSEFEter §PnRg ARcdWed itmt & TRAINGT 1t

of substrate made of resin 1. Track 3 is forned at
medRENy gCCoFR ibet Wse @iy cydasiiment of this invention will be

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

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



16 and groove 2. That is, track 3 is forned on the
portion where the surface of substrate nmade of resin
1 remains as it is wthout arrangi ng groove 2.
Herein, a width of track 3 is Tl, a wdth of groove 2
is T2 and a depth of groove isis d. Inthis
enbodi nent, the side surfacg of groove 2 is
vertically formed against the top surface of track 3
(the surface of substrate nmade of resin 1), width T2
of groove 2 being constant in the depth direction of
substrate made of resin 1, and wdth Tl of track 3 is
anal comestant Thatt kg, de@hbkdbrqgtE@&meahghe%@beﬁo&tlon
th of the top portion of groove 2 and a w dt

wh%li'% PRt LRSI %Cfe sQi‘bsg:rr%\ée nadd &f q%glrg@. -rdifhing as it

substrate nmade of resin 1 according to th

lsqu%%t %Tﬁ%§£4§qr rooJe ck 3 and MAdth T2 of groove

|sfy t ng rélati onship of equation (1)
Equat.i on < Tl < T2 As descri be
o T HESRahd B ¥IAoh DEALEosR daitoler Rhasash: Prcgrabve 2

wi dt h T2 of groove 2, it is possible to prevent a
lSnﬁgn@vdca|a9éthopfa9§@9@ﬁ Ragéer 9 r ofit belhy cwhpdémeqt, the
in grove 2 when a magnetic layer or a cover layer is
sifler seg facet lod gumoicarme 20flss nisstiriated Indwfed exgainist Byhe top
enpl oyi ng substrate nmade of resin 1 of this
suetfheed BENtrack i3S (the surface of substrate 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 resin 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 < Ty < 5T,

As described above, by setting width T, of track 3
narrower than 5 times of width T; of groove 2, it ig 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



17 possible to fabricate a nmagnetic recordi ng nmedi um
in/from which 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 wdth T2 of groove 2, it is
possible to fabricate a nmagnetic recordi ng nmedi um
having a stable magnetic recording and reproduci ng
characteristics wthout decreasing recording
capacity. This effect will now be explained in
reference to Fig. 2. As shown in Fig. 2, in the case
pogkiblentag famgietite laAayRignet ian ddwslinfaeeedium in/from
substrate made of resin 1, magnetic layer 4 is formed

whiiEhQEi@LQ\ée cén %@Q&iittit@h taﬁld)'}éa{cﬁ@ta%lﬁ.ﬂ the case of
a wdth of the track is broader than 5 tines of a

wi dt P‘u?EhEFZyg'iﬁE\éea %te}%gg.cii%n@: Q%%%ir@ilﬂ%%rta!@{t region can

magneti c ers ont ] acent tracks y cont act

each otﬁg t o _cover Lgﬁlt of. the grqoye.,Wen tgﬁ
begF8835e a ybé@%:85§%Pg' thﬂtﬁFsaﬁgﬁ%es,% nbgsggﬁ - than

function of a groove to physicallg separate_tracks is
Onﬁoflé%ﬁiBﬁt@&d%ﬁdTPhEFegﬁ89VSe2ca §edSaPoFFIREm Pnat

data may be witten in the adjacent tracks at
fapsdepgeng sadagtd cnrpass diswd Meddmn M ddlacerttak ks

at reproduction. On the other hand, in substrate made
maghetaési metording and reproducing characteristics without
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. In 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 c¢f a groove tc 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 resgin 1

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



according to this enbodi nent, since width Tl of track
3is 18 narrower than 5 tinmes of wdth T2 of groove
2, there is no risk of contact between nagnetic

| ayers 4 on adjacent tracks 3 each other, nor groove
2 being enbedded with such asga nmagnetic |ayer.
Therefore, an essential functron of groove 2 is

exhi bited to enabl e physical separation of tracks 3.
As a result, when a magnetic recording nediumis
fabricated wutilizing substrate made of resin 1
according to this enbodinent, it is possible to

nastraley peEhomMriers: @f warkdth Wi bé- gircofredat,athere is no
Further, by setting wwdth T1 of track 3 to be broader

ribRa e oRntlaldth Heft wiedi Mabhedfi Orepmere.4 s Hdj £ tracks

recording track region can be secured on the recording

3 \%‘é{c AGEHS CW%&?%i&&e%ﬁd %%Eﬁ%s a

a practical”recor

introduction mﬁ reb a sufficient.igpr.ovenent effect
eGP ST A ‘doROr R OBt ™ RASCHEER LadRNGyae by fagroove 2
, essenti,al function_of a groove to Ilphe/,sically separat e
1ot pxbRbited donepiatdE By IS8InpIPanatidt fleflerdftie 1o A8 2

make width T1 of track 3 of 0.005 - 5 mand width T2
regilgnodhiem oMagngtic rEsapdinghdefissve 2 fabrigakes

so as to satisfy the relationship of above-described
utégdatingn s@ibp tiva tiehimmdearnge wefsitrhel wadidrding to this
embodiment, it is possible to stably perform read-out and
write-in of data.

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 con 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 cf a groove to

physically separate tracks, is exhibited.

For example, it is preferable to make width T; of track
3 of 0.005 - 5 pym 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.



19 Further, wdth T1 of track 3 and depth d of groove
2 preferably satisfy the relationship of follow ng
equation (2). Equation (2): d/5 < Tl < 5d As

descri bed above, by making width Tl of track 3 of
narrower than 5 times of depyh d of groove 2, groove 2
is never enbedded with a magnetic |ayer or a cover

| ayer in the <case of formng a magnetic |ayer or a
cover layer on the surface of substrate made of resin
1. Thereby, provided can be a nmagnetic recording

medi umin/fromwhich data can be witten and read

nor eFargahky., Widther, sfnteaskdBshadcacpbht deeldl groove 2
magneti ¢ head and a nagnetic |ayer accunul ated in

prefe¥® 14 isstRicFordRd rdilad iSRSy Rife 0 daenfasuation
i nfluenCe of ndise arising froma magnetic |ayer
(zgccunulated in groove 2. Further, by making width T1
of track 3 of broader than one fifth of depth d of

grooye 2. .it i§,posgiple to s re good productivity
at t gu9Fﬁ8no#§ﬁroc§égiﬁg&bf<§£§roove and to secure a

sufficiently broad track w dth against _ a degth of _the
gr 00®8, IRAETERFY BPPYSpoLYi BPENY ARt d1a0br 5EBSKi Agot

state of a groove exhibitinglstable strength and high
nargpwggimhg@=5 times of depth 4 of groove 2, groove 2 is

never embedded with a magnetic layer or a cover layer 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 preolonged, 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 procesgsing of a groove and
to secure a sufficiently broad track width against a depth of
the groove, whereby it is possible tc achieve a processing
state of a groove exhibiting stable strength and high

reliability.



20 For exanmple, it is preferable to make a depth of a
groove of 0.001 - 25 mand groove 2 is fornmed so as to
satisfy the relationship of above-descri bed equati on
(2) wthin this depth range. Further, width T1 of
track 3 and width T2 of grooyg 2 preferably satisfy
the relationship of follow ng equation (3), when a
width of a witing line of a magnetic head of a
magnetic recording mediumutilizing substrate made of
resin 1 according to this enbodinment is TW Equation
(3) : T1/2 < TW< T. + 2T2 Herein, as shown in Fig. 1,
w dt Foef egawbiliel, nd tl iige pPéfetfabirget nakeead depth of a
corresponds to a magnetic pole width of magnetic head

gr3c¥eORE %ol ack St by %%‘dv@ 2 B S nge{a/'sfkg dd'%o

relatlonshlp of equ 1on ( possi

f ab t
saciasve e EeTAr ionahdss i b@gvaa‘%“mlﬁ@é" 3t ion of2)

t he adj acent tracks 3. Next, a material of substrate
wighde shigesiepth Wa9%e explained. In substrate nmde

of resin 1, variety of resin in addition to

t her Fopkasti cwidshn T:1t bEr hogekt Bngndewidtbr T: aef | greove 2

ray curable resin can be utilized. For exanple, in
pretfestblle sarde fof vesirelhtiamship of following equation
(3), when a width of a writing line of a magnetic head of a
magnetic recording medium utilizing substrate made of resin 1
according to this embodiment is TW.

Equation (3): Ti/2 < TW < T; + 2T,

Herein, as shown in Fig. 1, width of a writing line TW
of magnetic head 5 corresponds to a magnetic pole width of
magnetic head 5 along the track width direction.

By satisfying the relationship of equation (3), it is
possible to fabricate a magnetic recording medium capable of
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



t hernopl astic resin, such as pol ycarbonate, polyether
ether 21 ketone resin (PEEK), cyclic polyolefin
resin, nethacryl styrene resin (MS resin),

pol ystyrene resin (PS resin), polyether imde resin
(PElI resin), ABS resin, polygster resin (such as PET
resin and PBT resin), polyolefin resin (such as PE
resin and PP resin), polysulfone resin, polyether
sulfone resin (PES resin), polyallylate resin,

pol yphenyl ene sul fide resin, polyam de resin or
acrylic resin can be utilized. As thernosetting resin,

ketdtle asihen@ERKDSI tydlrien geiSidle £ insasdiat etethacryl
pol yester resin (such as BMC resin), silicone resin,

styhehRARR @S| (s SRV ,eHILyAGPEHE ded /81 (kS resin),
pol yam dei m de resin or pol ybenzoi m dazole resin can

pogg'le;/:g:%akjyiiﬁqﬁe Irésﬁ. i(tEjE.cﬁ‘.n Ite%itrnesgg?%iﬁf, cpol ester resin

I
I'ene  naphthalate resin( resi an “be

utilize urther, i.nic ray curable resin,.fo
(elhro T PR G B BT HS L AT ot (such as

utilized. U traviaolet ray curable resin includes such _
PE;Eefity &0 P&t T&Hia8I e PAISHIFR 18 iyp P agifier sulfone
ultraviolet curable polyester acrylate type resin, .
regiiny dVES aesday)abpelaieddy ladey |ngsdn.y ol gy lene sulfide
ultravi ol et curabl e polyole acrylate type resin,
reshin, apodivamicer alelsd repoxyamdiing ndgdimadaot die auriabl zed.
silicone type resin or ultraviolet curable acrylic
Asl €Beffmosetting resin, such as phencl resin, urea resin,
unsaturated polyester resin (such as BMC resin), silicone
resin, urethane resin, epoxy resin, polyimide 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,
ultraviclet ray curable resin can be utilized. Ultraviclet
ray curable regin includes such as ultraviolet curable
acrylurethane type resin, ultraviolet curable polyester
acrylate type resin, ultraviolet curable epoxy acrylate type
resin, ultraviolet curable polycle acrylate type resin,
ultraviolet curable epoxy resin, ultraviolet curable silicone
type resin or ultraviolet curable acrylic resim.

To make the object of this invention be effectively

exhibited, it is preferable to promote a curing reaction by



To make the object of this invention be effectively
exhibited, it is preferable to pronbte a curing
reaction by 22 enploying a photoinitiator when a
coated | ayer before curing is irradiated with actinic
rays. At this time, a photoggnsitizer may be utilized
together. Further, in the case that oxygen in the air
restrains the above-described reaction, it is also
possible to irradiate actinic rays in such as an
inert gas atnosphere to decrease or elim nate oxygen
concentration. As actinic rays, such as infrared

empayying @ phetddighit s lvwieay il eiatay Sloger Wefore curing
appropriately selected, and ultraviolet rays are

isSReGaldiGrlddy winef eicabing Sl edachenaerinehen are
not limted thereto. Further, during, before or after

phgkbRRLIA% A oGl bl G Nl Teact | on iy

nhance eating. Furt in substrate made of

resin, 1l,,such.as _liquid tal_polynmer and _. .

or gaAPEFPREr dfh EhRyARe FEBtn AHEE™ dn e 2 i gegtrains

adopting silicon as a skeleton into a p%%yner
theoRbeHENAESCAR RS HRAGAGR: Hdr dish 2T iRPIT R thove
_is an exanple of resin utilized in substrate nmade of
irradiiate asdiaicsyems dire swide a5f aesinetic G algneerhere to

this invention is not limted thereto. At |east two
detypaseobrr ediimicatebexnyigead damcentration. As actinic rays,
such as infrared rays, visible light and ultraviclet rays can
be appropriately selected, and ultraviolet rays are
specifically preferably selected, however, they are not
limited thereto. Further, during, before or after
irradiation of actinic rays, the curing reaction may be
enhanced by heating.

Further, in substrate made of resin 1, such as liguid
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.



be a substrate nmade of resin, and different conponents
as separate |ayers may be adjacently arranged to
constitute a substrate. 23 Substrate nade of resin 1
can be fabricated, by use of a nolding die having a
form corresponding to substrgte nmade of resin 1, by
nmeans of a nol di ng nethod such as an extrusion

nol di ng met hod, an injection nolding nethod, a sheet
nol di ng nethod, an extrusion conpression nol di ng

nmet hod or a conpression nolding nmethod. That is,
substrate nmade of resin 1 is fabricated, by use of a
nol denpsdiratkaviade @ff aremincar respdredifsdprticagraghy ey use of
and track 3 of substrate nade of resin 1, by neans of

a WdQkigy A eLHAUTIPRH MM nbrmidpshdiddirideiubstrate made
substrate nol ded nmay be appropriately subjected to

ofCHalsliRY 12ne PHRGH NG s &f rﬁélcﬂrﬁfh%é@{dﬁ ng,dre {80 c@terusion

substrate de of resin 1. In tthis manner, Since

mof R4 e cth O AHTEL b HORLA Sl Ola THRE Tnolding

S" pOSSI

etic |ayer necessary for, nagnetj.c recardi by
merbirs 6R SHAFUAOR SRS R (YT Qi i ng
patterning by such as a nano-inprint nmethod. Thereby, ,
CORPTREGIOn Blddsradimaihachi ufhehnife Fybsteatedmfdenof resin

process nunber |ess than a conventional process
1 dgnfabricated, by use of a molding die having a form

corresponding to groove 2 and track 3 of substrate made of
resin 1, by means of such as an extrusion molding method.
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 meclding 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 simultanecusly mold at least one of the dimension

of an inner circumference, the dimension of an outer



Further, by nol ding substrate made of resin 1 by such
as the above-described extrusion nolding nethod, it is
possible to sinmultaneously nold at | east one of the
di mension of an inner circunference, the dinension of
an outer 24 circunference, the edge portion form of
an inner circunference or the edge portion formof an
outer circunference. That is, by preparing a nol ding
die utilized in an extrusion nolding nethod so as to
fit the inner dianmeter or to the outer dianeter of
substrate nmade of resin 1 and enpl oyi ng sai d nol di ng
cigicemfidierdigrensicordfe tdrartiivrerforh anfetaat imndihe outer
dianeter is conpleted at the tinme of resin nolding.

ciFeitiFRrer?e RIERAd RBE P ith Hrwtdd izaedbuddy an
extrusion nolding nethod so as to fit the edge portion

c1%%hmfgfé%3é NNeL ¢l feun, e??% a?ﬁ boatH%lQQ%% H@@”dﬂlllzed

an outer C|rcu substrate made of

resin and ding die,.

R LTI e Bhher

portion formof an outer_, circunference is conpleted

digmeid Ot it S o | AL L HUrTh PRI e
of resin 1 according to this  enbodi nent can be

1 pasy cowley ing $aist med Boie dieharkhe biwgnriongfhdehe inner
For exanple, resist is provided on a substrate having

diamklter piratthe auhern digntedrar bies npnfmlreted @t tttee time of

resin

resin molding. Further, by preparing a molding die utilized
in an extrusion molding method so as to fit the edge porticn
form of an inner circumference or to the edge portion form of
an outer circumference of substrate made of resin 1 and
employing 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
ag an excimer laser. Thereafter, resist on a substrate is

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



resi st by use of a mask corresponding to groove 2, and
groove 2 is forned on the substrate by irradiation
with a laser such as an exciner |aser. Thereafter,
resist on a substrate is peeled off to prepare
substrate made of resin 1. Igcthis 25 manner,
substrate nmade of resin 1 nay be fabricated via a
patterni ng process. In the case of fabricating a
magnetic recordi ng medium by use of this substrate
made of resin 1, a magnetic layer conprising Co type
alloy is formed on the surface of substrate nade of
maheir) bubstiidie amdpaif erdgith tIo npess efsbrivegnsd ivia a
recordi ng nmedium Further, a cover |ayer may be
pait®lePed e grleey face of substrate made of resin 1 and
magnetic | ayer nay be forned on said cover |ayer. A

a
thi ckpesfaOk sl $CPURhslaNehd $ E’Ja? ﬂ@h&egébfdi edium
nm ﬁbralm the relations |p4Mtr1 Iﬁ%pt of groo er5
referagbly . satisfies Tc < 3d,. when a thickness .of
oYL uRe: Tagirts SURE RE R Moo AL o e TG erS YT
ceram.c layer, a magnetic |ayer, a ﬁlass | ayer or_a -
CORBRHISERY éf?ertaf(p& Rty 19 echfom FH% GFHERTE 1 er
and an organic layer is utilized. A specific
subgigFetentagie #icaaain dydy inludss spakiering|to prepare a
(nickel), Fe (iron), Cu (copper), Ti (titanium, P
magpledsghoerrdiCy (eobaint.) , F8rthsid, i eorpyvedn layien) ey be
Pd
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
satigfies 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 P4
(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



(Pal l adium). A cover l|ayer can be formed on the

surface of substrate nade of resin 1 by a plating

net hod such as electric plating or chem cal plating.

In addition to these, a cover |ayer can be forned

al so by spattering, vacuum eygporation or a CVD 26

nmet hod. Further, enployed can be a coating nethod such

as a bar coat nmethod, a dip coat (inmersion and

pul l'ing up) nethod, a spin coat nethod, a spray

method or a printing nethod. Further, in a vertica

magneti c recordi ng nediumwhich 1is greatly expected
meahod .t eEhpehegy EnplbieHetadebei ty coat imggmethod such as a

substance has to be arranged vertically against the
batlRStah tHdd,a6e aiMich t eiiineass ffei NBid Quolimg Sebit

magnetic | ayer between the nagnetic |ayer and the

trate: Adogh oy, f i Lt
meﬁl&%?r' %n%lpl}éés ni c&gt-@cddbﬁ t%ﬁwéﬁﬁgé O{/&ég{é&ﬁ rinting
l.oying Ni-Co alloy as a cover |ayer, said cover

e gr can also performa function as a soft magnetic

Rty LISRE AR S RE S e

hi gh heat-resistant tenperature or glass transition
ist gFpatdiyuCXPRF RS B & Blachmilaay £omdrahier |dgrsits a

formed by spattering on substrate nade of resin 1,
maghetheatsubstance has to be arranged vertically against the
substrate surface, which requires formation of a soft
magnetic layer between the magnetic layer and the substrate.
A typical alleoy for this soft magnetic layer includes nickel-
cobalt (Ni-Co) alloy. By employing Ni-Co.alloy as a cover
layer, said cover layer can also perform a function as a soft
magnetic layer in a vertical magnetic recording medium.

Further, resin as a mother material preferably has as

high heat-resistant temperature or glass transition
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.



resistant tenperature or glass transition tenperature
Tg is preferably not ower than the tenperature at
spattering. For exanple, it is preferable to utilize
resin having a heat- resistant tenperature or glass
transition tenperature Tg of ,-not |ower than 200 C. 27
Typical resin having glass transition tenperature Tg
of not | ower than 200 C i ncludes such as pol yet her
sulfone resin (PES resin), polyether imde resin (PE
resin), polyam deimde resin, polyimde resin,
pol ybenzoi m dazole resin, BMC resin or liquid crystal
pol ymemiddir eressipedidiosd |glddssttarhrag et idilel t i vatyure Tg of
Advanced Polymers K. K.) as polyether sulfone resin
ndtPESwWEsithan WdEemnd NhppiaddE sikRsds CpoBpe f0EY esi€Eone

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

re&if ) (5 Rl yAN ,dgpgﬁ.pyd?cl_{ﬁi Thoi W HOR 1 4 M b4 res:_i.n; ,

Chem cals, Inc.) olyimde resin (thernoplastic),

11 ex. ((Ube. I ndustrie Litd. ) as polyi o
e i Bretids MEepth) ot Bhsnzsintaazole
ol ybenzoi m dazol e resin Further, Jisted are Sum ca
r%&a‘ér BMEp Tagih (ol kR HYRRL Pﬁmr as MA%fui d
crystal polyner and Pictolex (Pictolex' M) as
sRFsl Yyfeidielrl k ek Wieed AKg HEdel a6SQlivay rad eanerre Belymery K.K.)

1, resin having a snall noisture absorptive property
as pneftdreab|sulstdrecteebim (PES resin), Ultem (Nippon GE

Plastic) as polyether imide(PEI resin), Torlon (Solvay
Advanced Polymers K.K.) as polyamideimide resin, Aurum
(Mitsul 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 liquid crystal polymer and Pictclex (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



prevent positional deviation froma nmagnetic head due
to dinension variation of a substrate by noisture
absorption. A typical resin having a small noisture
absorptive property includes polycarbonate and cyclic
pol yol efin resin. Further, n a surface roughness of
the top surface of track 3 i's surface roughness TRa,
a surface roughness of the 28 side surface of groove
2 is surface roughness SRa, and a surface roughness
of the bottom surface of groove 2 is surface
roughness BRa, each surface roughness preferably

sishd isfdfascd hef fatdome gy conslitfare HelghmessSusRaceand a
roughness TRa, SRa and BRa are arithnetic average

s dRLC &-d W%ﬁh@fb&%fﬁﬁfé@é‘%ﬂe@%é’@él neds
by JI'S B0601. Surface roughness TRa < 2 nm Surface

m f gﬁgg
L{t 'S S%%’lﬁg?ee to sapecur%%o g snoot iﬁnon t eé]t@?g
rf ce dt rovi de good. recordi characteristics
safyo 38T di P TR AT G on 5 B St Toughness
roughness.. Further, it is possible to provide a
TReagriid &k i e an’-é’o"rhd?ﬁ‘g%&]i%‘i"ﬂ?%e Hpface roughness Ra
stability and high reliability even after a treatnent
olofa Furdestalirrpdiuyras cleline &Y [ BHRrBO§dL I owing to a

groove processing, by providing an appropriate
Surface roughness TRa < 2 nm

Surface roughness SRa < 10 nm

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 follewing equation (4).

Equation (4): TRa < SRa < BRa

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

possible to secure a track surface having excellent magnetic



snoot hness to an exposed substrate surface other than
tracks. Herein, surface roughness TRa, surface
roughness SRa and surface roughness BRa preferably
satisfy the relationship of follow ng equation (4).
Equation (4): TRa < SRa < BRggBy satisfying the
relati onship of equation (4), it is possible to
secure a track surface having excellent magnetic 29
characteristics as well as to easily fabricate a
nol di ng die having high precision which is necessary
for the ultra-fine groove processing. Further,

charediteidivWdiyofa s willdstaate casibe famrvete duemdébding die
i nprovenent of pattern transfer property at the

haSi9RQY & 1RO GRS b o WHING! .1 IS FaPYEde he/ i WEErdYEine
a predeterm ned rough pattern at a predeterm ned

gﬂ3$yéié¥§é%%§¥H§. C%EEHEE%Feﬁkgghc@HQQ%Ei%E & substrate can

subst e e of resin rough“pattern
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servo region are nplded in one-shot by fabricating
atg ihst GHOYRIFOGSFET n 1 by neans of such as an
extrusion nolding nethod, it is possible to reduce
t he Fagtheati gropvec@ssey de diagead dy ec@urfidrfermined
medi um Further, surface wi nding value WA (constituted
roofigh pattern at a predetermined position in the

circumferential direction of substrate made‘of resin 1. This
rough pattern corresponds to, for example, a servo region.
Since groove 2 and the rough pattern corresponding to a serve
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.



frequency conponents of not shorter than 1 mm) of the
whol e surface of substrate nade of resin 1is
preferably not nore than 30 A, and surface micro

wi ndi ng val ue MM (constituted of frequency
conponents of not shorter th 1 mand not | onger
than 1 mm) of the whole surface of substrate nade of
resin 1 is preferably not nore than 15 A Herein, the
surface winding is defined by JIS B 0610-1987. 30
Herein winding is one type of a substrate surface
shape and corresponds to a shape factor having | arger
frequefren Wiadiag' A4gRies TyeemeEnentsubdtngity sirface shape
utilized here neans a shape constituted of frequency

ane0 s 1Y ShAGR ddidibr hdndWdhedr Arshaditey

constituted of frequency conponents of not shorter

th%%a%|¥daﬁﬁ% O%J néhaﬁiﬁpggbg%EE%tQQf%ed.here means a

wavel eng requency 1's ca S mcro w nding
MM, and. .said mcro winding is generated over_the

stipl: sEresiharndt SRAda b S o iy ertgr than
optical interference (Newtgn ring), and a deviation

1 gfounfusEhgr, pRrashprbsl Constatutafdod SrEAYsnEYs Goposents

I's measured as interference fringes. Height of mcro
ofwriadi riprcrs ers udldry 1 peasande chdyy luseyenf tWHr i umcthasesd on a
Disk Interference Meter (Optiflat) manufactured by

wabRagegeh idr FeERRRIRGY id a1l admietdlwididdema, and
measurenment is a nmethod to nmeasure mcro
said micro winding is generated over the aforesaid winding.
“Winding (flatness)” is measured by optical
interference (Newton ring), and a deviation 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



shape deformation on the surface by irradiating the
surface of a glass plate and neasuring intensity
change of interference between a reference |ight and
a nmeasured light having different phases. The
obt ai ned data from which freguencies not shorter than
1 mare cut is generally detined as a hei ght of
m cro wi nding 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 mcro- winding of not |onger than 15 A
conperiehiyng winslipes sabloF ot onyete tharB@EA and micro-
recordi ng nmedi um havi ng an excellent nmagnetic
witB3HACHE nekl ASrdfer! Rl M &, AEHHPG NG possible to
reprOduction. Further, the above expl anati on has been

priBq Qe Qlag{i’%}qggtretc% gy f?rl@%ii%rrij rﬂaa"%ﬁ*ﬂrﬁ“ ﬂ?ﬁ&%fﬁér@c
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mat eri al, such as netal or glass the surface of which
TepEodyFEi@B-with a resin layer. In this case, as a non-

magnetic material to be covered with resin, various

raw Feutberal shehprbhvear expgpriasabie hpgr bgesypadeatid th

such as resin, netal, glass, glass ceram cs or an
respgati toi por gxampleodm ehich a substrate is constituted of

single resin; however, the substrate is not limited those
constituted of single resin but may be constituted of a non-
magnetic material such as metal or glass the surface of which
is covered with a resin layer. In this case, as a non-
magnetic material to be covered with resin, variocus raw
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



material can be utilized. Herein, it is nore
preferable that a substrate is constituted of single
resin because of an effect to make the fabrication
process sinpler. Next, a substrate to be included in a
magnetic recording nedlun1aggording to nodified
exanpl es of the above- described enbodi nent will be
expl ained in reference to Figs. 3 - 7. Figs. 3 - 7
are cross-sectional views of a substrate 32 to be
included in a magnetic recordi ng nmedi um according to
nodi fi ed exanples. (Mddified exanple 1) Mdified
toevanpe 1hdsd limewnkeyrexplairebidi nefmsdinee adaofdigsy to
3 and 4. G oove 2 was forned only on the one surface

mo@ifi £ els hahp1mde of resin 1 shown in Fig. 1
however, grooves 2 may be fornmed on the both surfaces.

For qggg@%gedag %gw% | t he cross-sectional view of

grooves are or med on the bot h surfaces of
subs

n.the hoth

sur TR B Baaedent i1 SHRRER b 5§ﬁe|donlsn Feference

agai nst the center of thlckness di rectign
LOs {3 S atle 3MEd& -of CFRSVR 2 H8SahOXWEs. OPd¥t ﬁ@r thegone

substrate nade of resin I B shown in the .
surfess odcuhsdirabewadst off gessin gr G ZmhdiDe 17

formed on the both surfaces of
however, grcoves 2 may be formed on the both surfaces., For
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. Further, 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
subgtrate 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 as an
axis.

Even in the case of grcoves 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



substrate made of resin 1. G ooves 2 on the both
surfaces may be forned at the asymmetric positions
agai nst the center of thickness direction of
substrate nade of resin 1B as an axis. Even in the
case of grooves being forned,gn the both surfaces, by
satisfying the rel ationship of above-descri bed
equation (1), it is possible to fabricate a nmagnetic
recordi ng nmedi um having a sufficient recording density
and in/fromwhich data can be witten and read
stably, and in 33 addition to this by satisfying the

ad@laldronghithief mbasrigmsiig btk ecpldt DohdlR)p o alsove-
possi bl e to secure an excellent productivity and to

de"é’d'rtl%é'czﬂ dikaf-out, dat & SMYEs SR Yeo FAEdNES , ah Nexcellent

the case formng a rough pattern corresponding to

prbdiRl glgfsltgg aqgae éac{] Jgﬁgamrpaéﬁ& rs, § 5 ed o, ra&ee botdo1y .

symetric or asymmetri

p03| on ai,nst he cent f thlcknes ire on. of
A T LSS GAEE P I SR & o fﬁaétotem
exanple 2) hbxt nodi fied exanple 2 will be expl ai ned

COIrF eSPREnGE £ & MEFVE TaH Ghi LRSIV PHelfer’y? tormed on
resin 1C according to nodified exanple 2, the side

they icade safr fpassy aapA bes atotg i ey fsmemrag@r mMgyRpRtric
top surface of track 3A (the

positions against the center of thickness direction of a

substrate made of resin as an axis.

(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 Ti;
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 abkove-described equation (1). Thereby, in



surface of substrate nade of resin 1C) and a width of
groove 2A is gradually narrowed toward the interior
(the depth direction) fromthe surface of substrate
made of resin 1C. Herein, a wdth of the top surface
of track 3A (uppernost vvidt% is Ti; awdth of the
upper part of groove 2A s ; a wwdth of the bottom
surface of groove 2A is T3; and a depth of groove 2A
is d. Also in this nodified exanple 2, width T1 of
the top surface of track 3A (uppernost wi dth) and
width T2 of the upper part of groove 2A satisfy the

tHeelcaldeo g Ao 10 i rdp Q entifiseed i D eth wepiadt o ddyer Theyebyon the
in 34 the case of formng a nagnetic |ayer or a cover

surdle Yt s Stbsddal e drderHvd eshnNid Giever

groove 2A is never enbedded wth a neagnetic |ayer or

enbetRLS iPAETa grlih%gﬂén%lgfulm &P ot 4 c\?ﬁ%ﬁri F &nd it is

magneti c recor ais read
or .Mmritten stably. Further, w dth T3 of the(%g .
OB ot A BMFOIRIAT P bR Erom/in
preferably satisfy the relationship of
whiehy dafes dis FERE RIS SstaRk®by, it is possible
to stably performread-out and wite-in of data
Fur t Ferther,t migdthodsf pEdtbrakpbesrriacet pETgrepvenh@Ar and
upper part of groove 2A and width T3 of the bottom
despuntf @c e Digrogreocs resnadly tdet tefattlonshe Jatofonship of
foll owi ng equation (5).
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): T3 = T,
As described above, by making a width of the upper part
of not less than a width cf the bottom surface and making a
width of groove 2A constant or narrower from the surface to
the interior (to the depth direction) of substrate 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



Equation (5): T3 s T2 As described above, by nmeking a
wi dth of the upper part of not Iess than a wi dth of
the bottom surface and nmaking a w dth of groove 2A
constant or narrower fromthe surface to the interior
(to the depth direction) of §gbstrate made of resin
IC, it is possible to inprové~transfer precision of a
groove shape in the case of extrusion nolding by use
of a nolding die. Further, an inclination angle of
the side surface of groove 2A is preferably 45 - 90
degree. Separation effect cannot be sufficiently

1eeNitlialre o sWiRiy e idiad iiationamleulis 85 stasby th@nform
45 degree and it is difficult to stably perform

rdafRG UL NG W d -8 bofaat a.widtie b e fsseid Bl purposes,

purposes, in a magnetic recording nmedi um enpl oying a

: b t e .havi . i nat i ] 45 .
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it difficult to provide a netic recording nmedi um

) ma
Ehgavned idadeiqre ANHfaradsqdstit degree | dire diRts
Herein, groove 2A may be fornmed on the both surfaces,
prefiucdilysttivatiar magrasive edimifBG Wiminarpieretd sty 1gantly
and 1B
decreasges 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

tc prevent the contact between magnetic layers on tracks 3B



according to nodified exanple 1. G ooves 2A may be
formed at positions symmetric agai nst the center of
the thickness direction of substrate nade of resin 1C
or may be fornmed at asymetric positions. (Modified
Exanpl e 3) Next, nodified ex le 3 will be explained
inreference 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 the outernost surface of track 3B is tapered
off. In this manner, by making a curved surface form
adfaddier Sédleh sothace FHurgewe B, thd dsspaimitl® mdgnetic
prevent the contact between magnetic |ayers on tracks

he3R 3on@gh &f ol £ 1838 m@GheF i c FHEESLAink "mbBCuRas8rERaE due to
a magnetic head contaCts with a magnétic recording

séﬁ?“fggé%gfﬁeet%%ftlﬁe éﬁnﬁDégﬁég%ggé?ﬁﬂﬁe&lngbggiH@Q can be

I ng nount ed, arned can ect to reduce
da e ich the netic head receives ow 0 .
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side surface of a curved surface form a certain
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curved surface form Further, the side surface of a
side aur fard el 4 orwrvey swefacehberm, canvextainf gééect can

formor a concave surface form Herein, a width of
bd hebttaamesiiréaae wien racky 3Bne side is a curved surface form.

Further, the side surface of a curved surface form may
be either a convex surface form or a concave 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 T;;
and a depth of groove 2B is d. Alsc 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 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 track 3B and depth d of groove 2B

preferably satisfy the relationship of equation (2) described



(uppernost wdth) is Tl; a width of the upper part of
groove 2B is T2; a wdth of the bottom surface of
groove 2B is T3; and a depth of groove 2B is d. Also
in this nodified exanple 3, width T1 of the top
surface of track 3B and wdth._T2 of the upper part of
groove 2B satisfy the relatidnship of above-described
equation (1). Thereby, in the case of formng a
magnetic | ayer or a cover layer on the surface of
substrate made of resin 1D, groove 2B is never
enbedded with a magnetic |ayer or a cover |ayer and

abbdvé s MOsSidHe tia FaldLsia e tagaibly eeofsimgread-out
medium fromin which data is read or witten stably.

afddPere - Wb Jdeof track 3B and depth d of groove 2B
preferably satisfy the relationship of equation (2)
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relatlonshlp of equation éS) descrlbed abov
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of a groove shape in the case of extrusion nolding by
Thegekif, ait ot dPegs thke terdnproye obvangbenayreeisspnedt a
on the both surfaces of
groove shape in the case of extrusion molding by use cof 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 1iD as an axis or may be
formed at asymmetric positions.

(Modified example 4)

Next, modified example 4 will be explained in reference
te Fig. 7. In substrate made of regin 1E accordihg 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



substrate made of resin 1D simlar to substrate 1A and
1B according to nodified exanple 1. Grooves 2B nay be
formed at positions symmetric agai nst the center of
the thickness direction of substrate nade of resin 1D
as an axis or may be forrred3 t asymmetric positions.
(Modi fied exanple 4) Next, nodified exanple 4 will be
explained in reference to Fig. 7. In substrate made
of resin 1E according to this nodified exanple 4, a
shape of the cross-section of groove 2C is asynmetric
agai nst an axi s passing through the center of the

s ioa B WHAse of groove 2€ b&OhgexsPphetro8e &i flelding die
surface of groove 2C is vertically fornmed while the
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cross secti'on of groove 2C to be an asymmetric shape.
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property at the tine of nolding of substrate nmade of _,
by degana pof 3N a1 Sion Mekdi e SRAPHBY HRA g2 Rl ey Ragdas.

mol ding die, which enables relatively easy
witighr iomables relativelyn ewdy hfabrgeabven2C i s nade

gradually narrower fromthe surface toward the

I nt elButidhe adepidth 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. Alsc 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



direction) of substrate nmade of resin |E. Herein, a

wi dth of the top surface of track 3c (uppernost
width) is Ti; a wdth of the upper part of groove 2C
is T2; a width of the bottom surface of groove 2Cis
T3; and a depth of groove 2 d s d. Alsoin this

nodi fied exanple 4, width TI"of the top surface of
track 3C and width T2 of the upper part of groove 2C
satisfy the relationship of above-described equation
(1). Thereby, in the case of formng a magnetic |ayer
or a cover layer on the surface of substrate nade of

edsd 1brd E{ 2 Or @ewer 2ed saibevel erfmcklsd wid his godegilsle cto
l ayer or a cover layer and it is possible to
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data i's read or witten stabl y Further, wdth T1 of
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in this nodified exanple 4, width T2 of the. u
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of groove 2C preferably satisfy the relationship of
despretdeh B)ve deShausly atidve.s Trasile ito ingrssss pleansfer
to inprove transfer precision of a groove shape in
pidweiciase of @xfrosveonshmpei iy 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.



by use of a nolding die. Herein, groove 2C may be
formed on the both surfaces of substrate nade of
resin |E simlar to substrate 1A and 1B according to
nodi fi ed exanple 1. Grooves 2C may be forned at
positions symetric agai nst %ge center of the

thi ckness direction of subsirate nmade of resin 1E as
an axis or may be formed at asymretric positions.
EXAMPLES Next, specific exanples according to

enbodi nents of the invention will be explai ned.
(Exanple 1) In this exanple 1, a specific exanple of
substpeleingdef eliveeshBelmadel offe rexphanned. In this
exanple 1, groove 2 was fornmed on one surface of
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(Mol ding of Substiate made of resin 1) Utilizing
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made of resin 1 will be shown bel ow. Cuter dl%
utilpﬁgﬁ @§5p@1wﬁplde. The dimension of this su strate 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 um

Depth of groove 2, d: 0.025 pm

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 Ty of track 3 and width T, of
groove 2 satisfy the relationship of equation (1): T2/5 < T,
< BT,. Further, width T; of track 3 and depth d of groove 2

satisfy the relationship of equation (2): d4d/5 < T; < 5d.



Thi ckness of substrate nmade of resin 1: 0.4 mm Wdth
of track 3, Tl1: 0.1 mWdth of groove 2, T2: 0.05 m
Depth of groove 2, d: 0.025 .tm Surface roughness of
the top surface of track 3, TRa: 0.8 nm Surface
roughness of the side surfacg,of groove 2, SRa: 1.2
nm Sur f ace roughness of the bottom surface of groove
2, BRa: 1.5 nmiIn this exanple 1, width Tl of track 3
and width T2 of groove 2 satisfy the relationship of
equation (1): T2/5 < T1 < 5T2. Further, width T1 of
track 3 and depth d of groove 2 satisfy the

Furdliadd onairfacd weigtinass (&) each Ssuwrfldee Salcidfiies the
Further, surface roughness on each surface satisfies

reibf i Sl shiqufigaued) onTRY) < BRa < Pfa s BRa. By

extrusion nolding utilizing resin in this manner,
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fabrication of a DT medium, it is nct 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.



nmet hod such as a nano-inprint nmethod. Since such a
conplex process is not necessary, it is possible to
fabricate a magnetic recording nediumin a process
nunber | ess than conventional process. (Formation of
Cover Layer) Above-described , substrate made of resin 1
havi ng been provided wth groove 2 was subjected to
spattering to forma N |ayer having a thickness of
10 nmon the surface of substrate nade of resin 1.
Then, by continuous spattering, a NP alloy |ayer
(hereinafter, abbreviated as a NP |l ayer) was forned

on t hetddr layeived Neafdit tkiteSSeat fdumedy Rl mygiewhs layer
10 nm These Ni |ayer and NI P | ayer correspond to a
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ter a cover layer had been forned, a magnetic |ayer
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'er’ing, ere magnetic rec

was prepared. Thi ckness of. magnetic |ayer: 80 nm
(EvaIp[&Hﬁ 88 ﬁ$&a%%&§%%ay§% been forned

on substrate A nade of resin 1, the state of a magnetic
| ayer' B Ugtde{r | ayer in groove 2 was observed. In
this exanple 1, it has been confirmed that a magnetic
| ayeAIHRE & coa@retixy ekaygr 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, pclyimide 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.



tracks 3 adjacent each other were never brought in
contact, and that groove 2 was not enbedded with a
magnetic | ayer or a cover layer. In this manner, by
satisfying the relationship of equation (1), it was
possible to physically separgte tracks 3. And, by
enpl oying this substrate nadé of resin 1, it is
possible to fabricate a magnetic recordi ng nmedi um
fromin which data can be read and witten stably.
Herein, polyimde was utilized as a material of
substrate nmade of resin 1 in this exanple 1; however,
a simdtieref fiectthdan hanlld avedbeamplayiitg wish groove
resin listed in the above-descri bed enbodi nment.
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however, a sim’lar effect can be achi eved by
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I, In'this exanple an exarple in h™gr oove
was formed, onl.y on one surface of substrate n%de f
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(Exampl e 2)
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 thig 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, T;: 0.03 um
Width of groove 2, T;: 0.1 pum

Depth ©of groove 2, d: 0.05 um



In this exanple 2, a specific exanple of substrate
made of resin 1 shown in Fig. 1 wll be explained
simlar to exanple 1. In this exanple 2, groove 2 was
fornmed on one surface of substrate made of resin 1
simlar to exanple 1. In thig,exanple 2, width T2 was
made broader than that of exanple 1. Herein, in
substrate nade of resin 1 according to this exanple
2, the sane resin (polyimde) was utilized simlar to
exanple 1. (D nension of Substrate Made of Resin 1)
Quter dianeter: 1 inch (25.4 mm Thickness of
substugtacengeughnees Bl the £opnsudifdide @ff tomedk 3, TRa:
T1: 0.03 pm Wdth of groove 2, T2: 0.1 m Depth of
0.8regve 2, d: 0.05 m44 Surface roughness of the top
surface of track 3, TRa: 0.5 nm Surface roughness of

the 8,09.34" LAGEHOL AW QW ED TBY oul AMHIGARe 2 SRa:

roughnéss of ttom surface of groove 2, d
1. n1|n this exanple 2, wdth T1 of track 3 and mndth T2
f "™Myr oove 2 satisfy the relationship of equation (1):

T2/5 < T1
Surface roughness of the 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 < T.
< 5T;. Further, width T; of track 3 and depth d of groove 2
satisfy the relationship of equation (2): d/5 < Ti < 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



< 5T2. Further, width Tl of track 3 and depth d of
groove 2 satisfy the relationship of equation (2)

d/5 < Tl < 5d. Further, surface roughness on each
surface satisfies the relationship of equation (4):
TRa < SRa z BRa. (Fornmation gf Cover Layer) Also in
this exanple 2, a Ni layer and a Nip | ayer were

formed on substrate made of resin 1 as cover |ayers
simlar to exanple 1, and a magnetic |ayer conprising
Co type alloy was fornmed on said cover |ayer by
spattering, whereby a nagnetic recordi ng nmedi um was

tof abamgdteed., T datedseai damohicine [teheet ‘a Mgmemic layer and
(Eval uation) After a magnetic |ayer had been fornmed on

a TR Ao ATRAE R 4R thadille Hldte var MENIHE in

| ayer and a cover ~ layer in grooves 2 was observed. In
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con that a magnetic lTayer and a cover |ayer on

maad' zzc%nﬁ traclgsr 3 are newver ebrought in contact each
andHat grabo &) i€t enbedded with a

magneti c | ayer or a cover layer. Further, it has been
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| ayer or a cover layer even in the case of formng .
engegsied Migh haamat isurkatas O & isatlayer 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, Ti: 0.1 um

Width of groove 2, T,: 0.05 um

Depth of grcove 2, d: 0.08 um



made of resin 1. (Exanple 3) In this exanple 3, a
specific exanple of substrate made of resin 1 shown

in Fig. 1 will be explained simlar to exanple 1. In
this exanple 3, groove 2 was fornmed on one surface of
substrate made of resin 1. I this exanple 3, depth d

of groove 2 is deeper than exanple 1. Resin sane as
exanple 1 (polyimde) was utilized in substrate made
of resin 1 according to this exanple 3. (D nension of
Substrate Made of Resin 1) CQuter dianeter: 1 inch
(25.4 mm) Thickness of substrate nmade of resin 1. 0.4

M Wgifh f Addftness TWE the tapNVslirfofe gspoyeadk I 2TRa:
0.05 m Depth of groove 2, d: 0.08 m46 Surface

1 fPughness of the top surface of track 3 TRa: 1.0 nm
Surface roughness of the side surface of groove 2 SRa:

gr oove %gﬁa%dﬁgg#n%el 3 %I%%c?;%%&f%éég f%E hg%ov? 2 SRa:

tgack 3 and width T2 of
. nm

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 4 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 s 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

(Evaluatiocon)

After a magnetic layer had been formed on substrate

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



groove 2 satisfy the relationship of equation (1):
T2/5 < T1 < 5T2. Further, wdth Tl 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 sati-sfies the relationship
of equation (4): TRa < SRa s BRa. (Formation of Cover
Layer) Also in this exanple 3, a Ni layer and a Nip
| ayer were formed on substrate made of resin 1 as
cover layers simlar to exanple 1. Thickness of each
| ayer is sanme as exanple 1. And a magnetic |ayer
1lapaPrirsi digodseed ypewad | slysewsed or miad tini s sadahpmlv ey, similar
| ayer by spattering, whereby a nagnetic recording
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val uation) After a magnetic |ayer had been
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| ayer, on adj acent tracks 3 were never brought in
ma&‘}?’/ﬁ%‘ﬁ ]@a‘é‘#o‘?]ﬁeﬁ‘ T NtRYHF oove 2 was not enbedded
with a magnetic layer or a cover layer. Further, it
has Bagrthstoved thar Rpbwreyed Hmt groove 2 1s 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 gpecific 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 subgtrate 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, T,: 0.02 um




enbedded with a nagnetic |ayer or a cover |ayer even
in the case of form ng groove 2 on the both surfaces
of substrate nade of resin 1. (Exanple 4) In this
exanple 4, a specific exanple of substrate nmade of
resin 1C (nodified exanple 2),shown in Fig. 5 will be
explained. In this exanple 4, groove 2A was forned on
one surface of substrate made of resin 1C as shown in
Fig. 5. Herein, resin sane as exanple 1 (polyimde)
was utilized in substrate made of resin 1C according
to this exanple 4. (D nension of Substrate Made of

Resi nyilfon Sdtehe %@E@érﬁrsuéfaa@ ho £ 28rdov@) 24 i 2kness 015 um

of substrate made of resin 1C. 0.4 nn1 Wdth of the
top surface (the outernos surfaciz track 3A, T1:
roov

0. 02FPSREN fth IR hpet: pat 0% e 2A, T2: 0.02
m 48 Wdth of the bottom surface of groove 2A, T3:
0. 015 umfaptroughrg oo vef 2he dtop. gerfacareficerack 3A, TRa:
roughness of the top surface of track 3A, TRa: 1.2 nm
1 Surdmmce roughness of the side surface of groove 2,
SRa: 3.0 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;. PFurther, width T, of the top surface (the outermost
surafce) track 3A and depth d of groove 2 satisfy the
relationship of equation (2): d4/5 < 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 laver is same as example 1.

And a magnetic layer comprising Co type alloy was formed on



Surface roughness of the bottom surface of groove 2,
BRa: 9.0 nmIn this exanple 4, wdth Tl of track 3A
and width T2 of groove 2 satisfy the relationship of
equation (1) : T2/5 < Tl < 5T2. Further, width Tl of
the top surface (the outernost, surafce) track 3A and
depth d of groove 2 satisfy the relationship of
equation (2): d/5 < T1 < 5d. Further, width T2 of the
upper part of groove 2A and width T3 of the bottom
surface of groove 2 satisfy the relationship of
equation (5). Further, surface roughness on each

sid f éceeBalapét eByt hpattsi:ahgpn@heﬁebf/ aquayheni¢4yecording
TRa < SRa s BRa. (Formation of Cover Layer) Also in

mddH $m S¥REPELLAicRc Dy | ayer and a Nip layer were
formed on substrate nade of resin 1C as cover |ayers

sim gy Cfllrﬁ’el;é(ag@g‘r?ag;negm cﬂ)ﬁ?ayof 2Py | ayer is sane

as exanple net conprising Co type

al | oy@\a forrre on 49 said cover |ayer by
spatt $&f eby a magnetic recording nedium was

fabri cat ed. Thlckness of magnetic | ayer
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substrate made of resin 1C the state of a magnetic
ma@@e$faﬂ@sancherthe 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.



| ayer in grooves 2 was observed. In this exanple 4,
simlar to exanple 1, it has been confirned that a
magnetic | ayer and a cover |ayer on adjacent tracks 3
were never brought in contact each other and that
groove 2 was not enbedded w tdy, a nagnetic |ayer or a
cover layer. Further, transféer precision of a groove
shape froma nolding die was inproved. In this
manner, transfer precision of a groove shape froma
nol ding die has been inproved by satisfying the
relationship of equation (5). (Exanple 5) In this
HEX&IR| erdsifi Bhhar akOer¥@pnbe14,(palgpmeit cwaexanpllézed in
of substrate made of resin 1C (nodified exanple 2)

sehOWRa L8 hde SrWrbLiReiexpbabradng! ot BhesexaaRbeeSs .
simlar to exanple 4, groove 2 was forned on one

sur f age: S f i Qel iS

cxcarp e FUTROE B RO 8 MABE! Be hegt AELD o
was e W der than exanple 4. 50 rein, resin sane
as e;@"ﬂ"pﬁ’% ‘?ﬁ‘b%’f?ﬁm E'e)”%ﬁi“s ﬁﬁﬁsﬁ f'g%) in substrate
made of resin 1C according to this_exanpl e 5.

( Di et PeTs Seibstrls er @ endfe ReSi hegey loutQrd mm
dianmeter: 1 inch (25.4 nm Thickness of substrate made

of rd&idth oD vopmsuniaied (Putepneskfavefaeat ephosrack 34,
surface) of track 3A,

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

Depth of groove 2A, 4: 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
relationghip of equation (1): T;/5 < T; < 5T,. Further,
width T; of the top surface (the ogtermost surface) of track
3A and depth d of groove 2 satisfy the relationship of

equation (2): 4d/5 < T, < 5d. Further, width T, of the upper



T1: 0.025 mWdth of upper part of groove 2A, T2:
0.025 m Wdth of bottom surface of groove 2A, T3:
0.015 m Depth of groove 2A, d: 0.02 m Surface
roughness of top surface of track 3A, TRa: 0.8 nm
Surface roughness of side sug&ace of groove 2, SRa:
1.5 nm Surface roughness of bottom surface of groove
2, BRa: 3.0 nmin 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 < T1 < ST2. Further, wdth T1 of the top

paxy i eyr{ddiee QN e sii ®ih fAce)f ®ottoRt lsurdAdandiiepidove 2
d of groove 2 satisfy the relationship of equation
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part “of groove 2A and wi dth T3 of bottom surface o
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inthis exanple 5, a Ni layer and a Nip | ayer were

(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 grooves 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.



formed on substrate nmade of resin 1C as cover |ayers
simlar to exanple 1. Thickness of each |ayer is sane
as exanple 1. And a magnetic |ayer conprising Co type
alloy was forned on said cover |ayer by spattering,
whereby a magnetic recordingg,medi um was fabricated.
Thi ckness of magnetic | ayer: gO nm (Eval uation) After
a magnetic |l ayer had been forned on substrate nade of
resin 1C, the state of a magnetic |ayer and a cover

| ayer in grooves 2 was observed. In this exanple 5,
simlar to exanple 1, it has been confirned that a
magngExampdyers)and a cover |ayer on adjacent tracks 3
were never brought in contact each other and that

groowt® 2mias sxeimparbedded sMddi @i c BElic dRYAlbMrate made
cover layer. Further, transfer preC|S|on of a groove
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roove 2B was forned on one surface
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groove 2B was made into a curved shape. \Wereby, the
thegstidsf awrdasa afhrowig (2 evad Madr kit e curved shape.

Whereby, the part of the outermost surface of track 3 was
made into a tapered shape. Herein, resin same as example 1
(peclyimide) was utilized in substrate made of resin 1C
according to this example 6.

(Dimension of Substrate Made of Resin 1D)

Cuter diameter: 1 inch (25.4 mm)

Thickness of substrate made of resin 1: 0.4 mm

Width of top surface (ocutermost surface} of track 3B,
Ty1: 0.05 pm

Width of upper part of grcove 2A, Tp;: 0.20 um

Width of bottom surface of groove 2A, T;: ¢.10 um

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



made into a tapered shape. Herein, resin sanme as
exanple 1 (polyimde) was utilized in substrate nade
of resin 1C according to this exanple 6. (Di nension
of Substrate Made of Resin 1D) Quter dianeter: 1 inch
(25.4 mm) Thi ckness of subst; te made of resin 1. 0.4
mm Wdth of top surface (ouférnost surface) of track
3B, T1: 0.05 mWdth of upper part of groove 2A, T2:
0.20 m Wdth of bottom surface of groove 2A, T3: 0.10
.Xxm Depth of groove 2A, d: 0.08 m Surface roughness
of top surface of track 3A, TRa: 1.5 nm Surface

rouglnesscel ruitueyd e Wit tweier facSRE gfhdréinz SBRa:
Sur face roughness of bottom surface of groove 2, BRa:

3.9 Gum In this exanple 6, width Tl of the top surface
of track 3B and width T2 of the upper surface of

95215 15 Ll SRR ol SRR o erncn
o ey QLS surace) of. L ack SAAN SR ! Weiary cne
relationghip of equation (1): T/5 < Ti < 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
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
fermed 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



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): width T3 s width T2. Further, surface
roughness on each surface satisfies the relationship
of equation (4): TRa < SRa s BRa. (Formation of Cover
Layer) Also in this exanple 6, a Nl layer and a Ni P
| ayer were formed on substrate made of resin 1D as
cover layers simlar to exanple 1. Thickness of each
| ayer is sanme as exanple 1. And a magnetic |ayer
lag@rirs i dSeed ypewsd | alysewsed or med tini s SAdathpdov ey, similar
| ayer by spattering, whereby a nagnetic recording

tdTRGiaMp s f abd 11¢ad Q&eeﬂ'r&&%ﬂﬁﬁﬁe@ftﬁ@@n@tﬁﬁ%ﬁé&ﬁéi layer and
100 nm (Evaluation) After a magnetic |ayer had been

a Teuvmd i Sus raa&df%cc%:%gtr%cﬁﬁsiﬁ‘ wke tHE 61 3155?38%%2 in

magnetic -l ayer an 4" layer 1n grooves

d. .l n thi le 5. siml >
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wth a magnetic [ayer or a cover layer. Further, it
PreygIds SiBitedto ohraverdnebit akaver andeynedYer| byeer on
and a cover | ayer on
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,

Tqi: 0.02 gm



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.
(Exanple 7) In this exanple 7, a specific exanmple of
substrate made of resin I E % di fied exanple 4) shown
in Fig. 7 will be explained. In this exanple 7, as
shown in Fig. 7, groove 2B was formed on one surface
of substrate made of resin |E. Herein, resin sane as
exanple 1 (polyimde) was utilized in substrate made
of resin 1E according to this exanple 7 simlar to

exampligich JDBs gﬁaaﬁee Hader af 86@19 i)
Qut er dlaneter ch (25 Thi ckness of
substrate nmade of reS| nm Wdth of top

surf%éit(lblﬁfemonbﬁqraf@é)e d?f tFRRSER THx: 0908 1pHm
55 Wdth of upper part of groove 2A, T2: 0.015 m
W dt Depftbeift pcund are, f: goQovepdA, T3: 0.01 m
Dept h of groove 2A, d: 0.01 m Surface roughness of top

sur f age fled flonifess %ﬁftkﬁgSJY?é%gféfx%fé&QhQQSSHﬂi: 1.

si de surface of Tgroove 2,

nm
Surface roughness of side surface of groove 2, SRa:
2.5 nm
Surface roughness of bottom surface ¢f 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): T2/5 < Ty < 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): d4/5 < 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 relaticnship of
equation (5): width T3 s width T,. Further, groove 2C was

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



2.5 nm Surface roughness of bottom surface of groove
2, BRa: 5.0 nmiIn this exanple 7, width T1 of the top
surface (the outernost surface) of track 3C and wi dth
T2 of the upper surface of groove 2C satisfy the
rel ationship of equation (1l)g T2/5 < Tl < 5T2.
Further, wdth T1 of the top surface (the outernost
surface) of track 3A and depth d of groove 2 satisfy
the relationship of equation (2) : d/5 < T1 < 5d.
Furt her, surface roughness on each surface satisfies
the relationship of equation (4): TRa < SRa s BRa.
adiminidteric agaimst Zanfathe papeingarhrofighyr bheec@fitandof the
width T3 of the bottom surface of groove 2C satisfy

bdtheon ehatt s b Pfoovguaption (5): width T3 s width
T2. Further, groove 2C was forned so that the

cross(malﬁrbﬁr&pec&jelgr%y&gc is 56 asymretric
rou

agai nst an axls passing t gh the center of the

bot t %Ts%u;f&aﬁf%i%ag@%\a/%fﬁ' 7&‘ Flg{ "‘\?at. | &F a%fld (‘QVI@:[R“ inlYer were

Laye ayer and ‘a
| ayer were formed on_substrate made of resin 1E as . .

£ PhyBIRS T3 E dPade PxERPTR 4E FRi CRAGEsIAYeEScRimilar
| ayer was sanme as exanple 1. And a magnetic |ayer

L snpiRiggh Co This&ngasowiveadoripsepvas 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 1E, the state of a magnetic layer and a cover
layer in grooves 2C wasg cbserved. In this example 7, similar
to example 1, it has been confirmed that a magneticrlayer and
a cover layer on adjacent tracks 3C were never brought in
contact each other and that grocove 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



said cover layer by spattering, whereby a magnetic
recording nediumwas fabricated. Thickness of
magnetic |ayer: 100 nm (Evaluation) After a magnetic
| ayer had been forned on substrate nmade of resin 1lE
the state of a magnetic Iayerﬂand a cover layer in

[

grooves 2C was observed. In £Hi s exanple 7, simlar

to exanple 1, it has been confirned that a nagnetic
| ayer and a cover |ayer on adjacent tracks 3C were
never brought in contact each other and that groove
2C was not enbedded with a nagnetic |ayer or a cover

exaitflle FUBdBFimiaed divngs Ofit 1 BLHSA T Bh estibgleraterasid 3£ resin
by means of an extrusion nolding wutilizing a nolding

aé’%fl.ec?rtcpﬁ‘fé’% £el QUi yRbyr£o5Ye &LBMPRLati ve Exanpl e)

xt, a conparative ‘exanpl e agai nst above-descri bed

exanp/ - id | [ i

s oATichsich B s EiEte HER AT EAAE,

made of. resin ccording to this conparative exanple.
C?ﬂﬂ%ﬁﬁﬁﬁ?ﬁ1%ﬁa@§hﬁﬁrate Made of Resin according to

Conpar ati ve. Exanpl e) Quter dianmeter: 1 inch (25.4 mm

Thi clivésy stlafigian-até ARGE dR5r-dsMM1: 0.4 mm

Thickness of substrate made of resin 1: 0.4 mm

Width of track T;: 0.1 um
Width of groove Tz: 0,01 pm

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 1lE 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



Wdth of track Ti: 0.1 mWdth of groove T2: 0.01 m
Depth of groove d: 0.01 mlIn this conparative exanpl e,
width T1 of track is broader than 5 tinmes of width T2
of a groove. Further, width T1 of track is broader
than 5 times of depth d of acgroove. (Formation of
Cover Layer) Also in this conparative exanple, a N

| ayer and a NiP |ayer were forned on substrate nade
of resin 1E as cover layers simlar to exanple 1.

Thi ckness of each | ayer was sanme as such as exanple
1. And a nmagnetic layer conprising Co type alloy was
f or ne(dEvarlwsaiicbroover | ayer by spattering, whereby a
magneti c recordi ng nmedi um was fabricated. Thi ckness of

magnelfited ay flagritt MBdrek B UsddPNoMd®loR substrate
magnet i ¢ IayerS%ad been fornmed on substrate nade of

nd&SidE Yesfhe St alyge oét@t%”sa(gf] d}‘ﬁa#ﬁé(@ caf é‘rcé.’f{&ra cover

ayer in grooves 2C was IS conparative

1844 | e, it has en. co flrned th et
LA st quiEe 26 kg AT | hon THRE dchned a%%qff“’e
contact each other and_f hat _a groove was enf

SXAMH S rdgrtds cb?%&ecfo%ﬁl%“e%o’iﬂgﬁtl‘%%?et#ﬂ %?'%F% pd cover

a magnetic_recordi ng nmedi um
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 possibkle to stably perform read-ocut 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



utilizing substrate made of resin in conparative
exanple in this manner, it becones difficult to
stably performread-out and wite-in of data. In the
above manner, by a substrate made of resin according
to exanples 1 - 7 of this inygntion, since a groove

is never enbedded with a covér |ayer or a magnetic

| ayer, it is possible to stably performread-out and
wite-in of data by a magnetic recordi ng nmedi um
utilizing the substrate made of resin of exanples. On
the other hand, by a substrate nmade of resin

g1sBad didNhdto amsoimed avlivle £xaapherisi DSpen groaveoves layer
enbedded with a cover |layer or a magnetic |layer, it

PGB dddd Ll id® of ablapesf O M-EE3LAOHY @Bdium in/from

wite-in of data. Therefore, by utilizing a substrate
e [ e i 0 b
WIE%? ?{t{rl%ﬁﬁ%m %I%iéﬁ réeé%gﬁ?éé]osé\ng%ﬁ' T1 0 %&{r ack
and width T2 of_ a groov a.59 roove is_not_enbedded
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fabrjcation of a_magnetic recording nmediumin/from
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utilizing a substrate made of resin which satisfies

trark gl deprshl B Froeys, <dTlix peesible kespakrieate a
width T1 of a track and depth d a groove, it is

magpesi i erdapfding cetdiam feométin cvineclordatg osdi ben read and
fromin which data can be read and

written further stably.

Herein, it has been proved that the same effect as
substrate made of resin according to examples 1 - 7 was
exhibited by satisfying the relationship of “T,/5 < T; < 5T."
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 pm. Any of the combinations of this magnetic head and
these magnetic recording media satisfies equation (3): .Tl/z
< TW < Ty + 2T2. A magnetic recording media fabricated in

examples 1 - 3 exhibited excellent magnetic recording



witten further stably. Herein, it has been proved
that the sane effect as substrate nade of resin
according to exanples 1 - 7 was exhibited by
satisfying the relationship of "T2/5 < T1 < 5T2" and
the relationship of "d/5 < TL,< 5d" even with a
substrate nade of resin prepared under a different
condition other than those explained in exanples 1 -
7. (Exanple 8, Conparative Exanple) Data was witten
to magnetic recording nedia which had been fabricated
in exanples 1, 2 and 3 and a magnetic recording

chearh atte f a1 @At | ensbTedpatable ewekeapin bf daea, ovhile a
a magnetic head having a width of a witing line (TW

mafnethd MBcAHYiRy hd@1 eRNPAIRAL é2RSd0int i SolPgP&tite example
head and these magnetic recording nedia satisfies
e 8auRd fr?’érea%@ nSiddV £ T&ee”e:?{@r?@e n?gesgﬁfng
recor ng med abricated in exa
e%ﬁk: ted excellent magneti c recordlng 60
S acterTst9%s and enabled stable write-in of dat a,
mhlle a nmagnetic recording nmediumfabricated in a
conparative exanple exhibited increased noise to
deteriorate recording characteristics. 61 Wat is
claimed is:



1. A substrate to be included in a nmagnetic recording
medi um having a disc formand a surface of the
substrate is nmade of a resin, the substrate
conprising: a non-nmagnetic nmaterial as a base
material; wherein a plurali% of coaxial grooves are
formed on the surface, and the plurality of coaxia
grooves satisfies the expression T2/5 < Tl < ST2
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 . 2. The substrate to be
wHaic| iuglesh 4 iimed megnet i ¢ recording medi um according to
claim1, wherein d/5 < Tl < 5d is satisfied when a
depth of each of the coaxial grooves is d. 3. The
substrate to be included in a magnetic recording
medi ym I dj 0.cl aj , ' S ;
1 (her & EHHAAE 68 o SRRdEa Sen S IEe Srddording
| dth of an upper part of each of _the cpaxj al opve \
MR HAETE v (IO TOEBRPAN BAFEAST GhchRefStRatrate is
coaxi al grooves is T3. 62 4. The substrate to be
M3 |Udet T8 6 nelgifet $¢0F EEdF el FeMPRHERL % according to
claim1 or 2, wherein the width of each of the
coaxidalnogy-omgrs iis mede ik ge |y bage orereriak tweerein

a plurality of coaxial grooves are formed on the
surface, and the plurality of coaxial grooves satisfies the
expression

T,/5 <« T, < 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

2. The substrate to be included in a magnetic recording
medium according to claim 1, wherein d4/5 < T; < 5d is

satisfied when a depth of each of the coaxial grooves is d.

3. The substrate to be included in a magnetic recording

medium according to claim 1 or 2, wherein T; s T, (herein, T;
= 0 is included) is satisfied where a width of an upper part
of each of the ccaxial grooves is T, and a width of a bottom

part of each of the coaxial grooves is Ts.



surface to the interior of the substrate. 5. The
substrate to be included in a magnetic recording
medi um according to claim1l or 2, wherein side
surfaces of each of the coaxial grooves is a flat
pl ane crossing straight aga%gst the surface of the
substrate. 6. The substrate t0 be included in a
magneti ¢ recordi ng nediumaccording to any one of
clains 1 to 4, wherein at |east one side surface of
each of the coaxial grooves is inclined with respect
to the surface of the substrate. 7. The substrate to
4 be | MHaudrbdUr S arag&id Cinengde Non  Avedh giié BCe oF kb dgd ing
to claim®6, wherein an inclination angle of the

mé&Eﬂm'Eﬂbé%&%h@Lﬁéa@ﬁaiﬁ {rom 45 e 809 §heTb§dth of each
substrate to be included in a nagnetlc recor di ng

{Sﬁﬂ dBALLY 56Eézé%i%§hg dﬁ@figl ?¥8Hé¥e€r?ﬁethe

ace I's 1ntervene etween” I d ace o

of,_ t coaxi al s and the surface of the
Lgr%scier &% Iker& rg: %%lgs%‘g %t%d]i’%tlﬁ%t?ncl uded in a
magneti c recordi ng nediumaccording to any one of

clains 1 to 4, wherein the side surface of each of
t he coaxial grooves has a curved surface form 10.
5.The JlgstsudsEnatendd g ddedluded imgnardangecoregerrding
medi um according to claim9, wherein the side surface
metivima@ccording to claim 1 or 2, wherein side surfaces of

each of the coaxial grooves is a flat plane crossing straight

against the surface of the substrate.

6. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 4, wherein at
least one side surface of each of the coaxial grooves is

inclined with respect to the surface of the substrate.

7. The substrate to be included in a magnetic recording
medium according to claim 6, wherein an inclination angle of

the inclined gide surface is from 45° to $0°,

8. The substrate to be included in a magnetic recording
medium according to claim 6 or 7, wherein a curved surface is
intervened between the side surface of the each of the

coaxial grooves and the surface of the substrate.



a curved surface formis a curved surface having a
convex surface form 11. The substrate to be incl uded
in a magnetic recording nediumaccording to claim?9,
wherein the side surface having a curved surface form
is a curved surface having a,oncave surface form
12. The substrate to be included in a magnetic
recording nediumaccording to any one of clains 1 to
4, wherein Tl/2 < TW< Tl + 2T2 is satisfied in a
magnetic recording device nmounted with the substrate
when a line width of a witing Iine of a nagnetic

9 head Bruigipert vatd e megniaic budet oili Hgnagiest te recd¥ding
64 13. The substrate to be included in a nmagnetic

md SRR Hbr MBS W a8eP! $hdJof OcBaVmONE 06 &| alvABrdifhothe
12, wherein the coaxial grooves are divided by a

s RIS dahLa i ek %?éﬁ?:#?aéﬂg_rgk?a {af %’I—S&%?rﬂ%ﬁgg curved

position I1n a circunterentl Irection o

s@%?%%r%%?' 14. The substrate to be included in a
et i ?%bording medi um according to claim 13

wherei n grooves and uneven patterns are formed on the

both surfaces of the substrate. 15. The substrate to

be included in a magnetic recording medium according
1G.0 clTiemshbstiadeit® thee Hrobided gkl 3 Heagnetic recording

medium according to claim 9, wherein the side surface having
a curved surface form is a curved surface having a convex

surface form.

11. The substrate to be included in a magnetic recording
medium according to c¢laim 9, wherein the side surface having
a curved surface form is a curved surface having a concave

surface form.

12, The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 4, wherein T;/2 <
TW < T, + 2T, is satisfied in a magnetic recording device
mounted with the substrate when a line width of a writing
line of a magnetic head equipped in the magnetic recording

device 1is TW.



uneven patterns, which are forned on the both surfaces
of the substrate, are fornmed at symetric positions
with respect to a center in a thickness direction of
the substrate as an axis. 16. The substrate to be
included in a magnetic recor% ng mnedi um according to
claim 14, wherein positions o# the grooves and the
uneven patterns, which are formed on the both
surfaces of the substrate, coincide. 65 17. The
substrate to be included in a magnetic recording
medi um according to claim 14, wherein the grooves and
13he THEWbLHLES o W TheRlided oifes Wigiiéei ®otdcording
surfaces of the substrate, are fornmed at asynmetric

meRPRUnt | QS M { k165 $Qe SrCeMEhsi D é‘oti‘QCkQﬁé§em the
direction of t e subs rate as an axis. 18. The

R e mt kTS P {HPERLECLRFRLY Beyep pattem
i I %ﬂ%l?fi%%?f%ﬁei‘?ﬁ%ﬁéﬁ&%raa?‘ééﬁtﬂsg%%e Sl fction of

19. The substrate to be included in a magnetic

the BIRAHFESredi um according to any one of clains 1 to
18, wherein the substrate satisfies the expression
TRa < SRa s BRa '

14. The substrate to be included in a magnetic recording
medium according to claim 13, wherein grooves and uneven

patterns are formed on the both surfaces of the substrate.

15. The sgsubstrate to be included in a magnetic recording
medium according to claim 14, 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.

16. The substrate to be included in a magnetic recording
medium according to claim 14, wherein positions of the
grooves and the uneven patterns, which are formed on the both

surfaces of the substrate, coincide.



where TRa is a surface roughness at a place between
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 coaxia
grooves . 66 20. The substrate to be included in a
magneti c recordi ng nediumaccording to claim19,
wherein the substrate satisfies the expression TRa <
2 nm SRa < 10 nmand BRa < 10 nm 21. The substrate
to be included in a magnetic recording nedium
according to any one of clains 1 to 20, wherein cross-
1sect il susyyeaie aas bofindbudedxinl a ghagnesit srecording
asynmetric against an axis passing through a center
med i dh & EACFI HNPOVE - c128m The SHBSE{At EnkOogb8oir8s! HAgdthe
in a magnetic recording nediumaccording to any one
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sur substrate is not nore than
he substrate to be.included in a magnetic_recordin
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be included in a magnetic recording nedium according
axiF any one of clains 1 to 23, wherein the

18. The substrate to be included in a magnetic recording
medium according to claim 14, wherein positions of the
grooves and the uneven patterns, which are formed on the both

surfaces of the substrate, do not coincide.

19. The substrate to be included in a magnetic recording
medium according to any one of claimsg 1 to 18, wherein the
substrate satisfies the expression

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 coaxial grooves and BRa is a surface roughness

at the bottom of the coaxial grooves



coaxi al grooves are forned by a nol ding nethod. 67

25. The substrate to be included in a magnetic
recording nediumaccording to any one of clains 1 to
23, wherein the coaxial grooves are fornmed by a
patterni ng nmethod. 26. The s trate to be included in
a magnetic recording nedium-according to any one of
claims claim1l to 25, wherein a cover |ayer of not

| ess than 10 nm and not nore than 300 nm is fornmed on
the substrate. 27. The substrate to be included in a
magnetic recording nediumaccording to claim 26,

20Mher efe tdihSubsid Al 15atisdi@fed t e £XPEGSSEOP FEcSrding
3d where Tc is a thickness of a cover layer and d is a

méﬁﬁ?&‘éﬁc&?ﬁiﬁ%ftéh 1%§§Xi§| PhOPYSES: tRE- saﬁgtrate satisfies

strate to |narragnet|crecor I Ng

tdg?géggégéxgﬁlng to any one of claims 1 to 27, wherein

fion etic material as the base material is
conprlsed of resin. 29. The %ﬁgstrate to be included
in a Wagrfetd % ecdiHi ngt® i FEBrdi Y ¥B: any one

of claiml to 27, wherein the 68 non-nagnetic
material as the base material is conprised of

21. The substrate to be included in a magnetic reccrding
medium according to any one of claims 1 to 20, wherein cross-
sectional form of each of the coaxial grooves is asymmetric

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

22. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 21, wherein a
waviness value Wa of the surface of the substrate is not more

than 30 A.

23. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 22, wherein a
micro-waviness value MWa of the surface of the substrate is

not more than 30 A.

24. The substrate to be included in a magnetic recording
medium according te any one of claims 1 te 23, wherein the

coaxial grooves are formed by a molding method.



gl ass or a non-magnetic netal material. 30. A magnetic
recordi ng nedium conprising: the substrate to be

i ncluded in a magnetic recordi ng nedi um of any one of
claims 1 to 29; and a magnetic |ayer accunul ated on
the substrate. 67

25, The substrate to be included in a magnetic recording
medium according to any one of c¢laims 1 to 23, wherein the

coaxial grooves are formed by a patterning method.

26. The substrate to be included in a magnetic recording
medium according to any one of claims claim 1 to 25, wherein
a cover layer of not less than 10 nm and not more than 300 nm

is formed on the substrate.

27. The substrate to be included in a magnetic recording
medium according to c¢laim 26, 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.

28. The substrate to be included in a magnetic recording
medium according to any one of claims 1 to 27, wherein the
non-magnetic material as the base material is comprised of

resin.

29, The substrate to be included in a magnetic recording

medium according to any one of claim 1 tc 27, wherein the



68

non-magnetic material as the base material is comprised of

glass or a non-magnetic metal material.

30. A magnetic recording medium, comprising: the substrate
to be included in a magnetic recording medium of any one of
claims 1 to 29; and a magnetic layer accumulated on the

substrate.



