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TITLE OF THE INVENTION SUBSTRATE FOR MAGNETIC
RECORDING MEDIA, MAGNETIC RECORDING MEDIA AND
MAGNETIC RECORDING APPARATUS BACKGROUND OF THE
INVENTION 5 The present invention relates to a substrate for a magnetic
recording media having protrusions and recesses formed thereon, a
magnetic recording media of substrate processing type and a magnetic
recording apparatus having the magnetic recording media mounted 10
thereto. In increasing the track density of a hard disc drive (HDD),

interference between the gtﬂg%gnpt?ag@ has'cometd be a problem to be

solveely iy pasticulas rhowdadewer fringing cadsed by:the fringeeffect of a
15 magnetic field from the write head is a serious technical problem to be

solvetE OB EREtelMFatiétypi D pHfte EU. M et (DTRIM el zDARATRIch
recording tracks are pgxggg%ﬁﬁ%a@%eg}g&al&%sv% [Qossible to suppress
] asi

. . T .
a side erase phenomenon In recording an e rea&% phenomenon In

reproducingrse asiednerease-sarkesty .the densitydn dhe eross-traek ror
direction and, thus, is expected to provide a magnetic recording medla
capablé“ T High deh&ity FECaainy: THe DTRrfedia friciudesa magnetic

film etching; 25 type.and a substtate progessing;type. A large number of .

manufacturing steps are required for obtaining the DTR media of the

mageticsfilna etching types leading® and a2 magnetic recording
apparatus having the magnetic recording media mounted
thereto.

In increasing the track density of a hard disc
drive (HDD), interference between the adjacent tracks
has come to be a problem to be solved. In particular,
how to lower fringing caused by the fringe effect of a
magnetic field from the write head is a serious
technical problem to be solved. A discrete track type
patterned media (DTR media) in which recording tracks
are physically separated makes it possible to suppress
a side erase phenomenon in recording and a side read
phenomenon in reproducing so as to increase markedly
the density in the cross-track direction and, thus, is
expected to provide a magnetic recording media capable
of high density recording.

The DTR media includes a magnetic film etching
type and a substrate processing type. A large number
of manufacturing steps are required for obtaining the

DTR media of the magnetic film etching type, leading
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to a high manufacturing cost. Therefore, the substrate processing type
DTR media, prepared by first producing a substrate having protrusions
and recesses and then depositing a magnetic film by sputtering, is 5
suitable to mass production of the DTR media. In the substrate processing
type DTR media, however, the magnetic film is also formed on the
recesses, with the result that the signal-tp-naise ratio (SNR) is lowered by
magnetic signals from the 10 recesses. Under the circumstances, it is
considered effective to lower the magnetic characteristics of the
magrieticHiln present ehaheuetesses, A methioe of manyfacturing a
pattersnebd rtneadtia is thro%ose% in,tfor exam le, Japanese Patent Disclosure
15 (Kokai 2002-359138" 1t is distlosed MRS prior SRIBECTHRYsUrface”

of a fetromagneficdayepis: selectively Goyered with-a mnask, s aslo permit
the surface of the ferromagnetic layer to be selectively exposed to a
reacti/egas eontaimiAg o hakgenzoekhient! thereby denataring the is

exposed poians: . Alsp, & method of manutacturing,g patierned media by
; A

selectively oxidizing the masked surface of the media is disciosed in U.S.
Patent No. 6/168;845 Further; eproposed #1 dJapagese Patentlisglosure
No. %1-%05257 is 25 a method that ions such as nitrogen ions or oxygen

ions are' MtoducedSnfy ok regiohtbrthe thagnéficMagerpositiened
between dhe tecordingitragks pEthEe13 (1ot e signal-to-noise

ratio (SNR) is lowered by magnetic signals from the
recesses. Under the circumstances, it is considered
effective to lower the magnetic characteristics of the
magnetic film present on the recesses.

A method of manufacturing a patterned media is
proposed in, for example, Japanese Patent Disclosure
(Kokai) No. 2002-359138. It is disclosed in this
prior art that the surface of a ferromagnetic layer is
selectively covered with a mask so as to permit the
surface of the ferromagnetic layer to be selectively
exposed to a reactive gas containing a halogen
element, thereby denaturing the exposed portions.
Also, a method of manufacturing a patterned media by
selectively oxidizing the masked surface of the media
is disclosed in U.S. Patent No. 6,168,845, Further,
proposed in Japanese Patent Disclosure No. 5-205257 is
a method that ions such as nitrogen ions or oxygen
ions are introduced into those regions of the magnetic

layer positioned between the recording tracks of the



10

15

20

25

discrete track media so as to make the magnetic layer on those regions
nonmagnetic. However, it is difficult to carry out these metho_ds. Also
proposed is a patterned media prepared by 5 forming a multilayered
Co/Pt magnetic layer on a Si substrate having protrusions and recesses;
see Phys. Rev. B 62, 12271-12281 (2000). The magnetic characteristics
of the Co/Pt multilayered film are highly-sensitive to the multilayered
structure. 10 Specifically, a clear multilayered structure can be obtained
on the protrusions and the multilayered structure is disturbed on.the
recesses Chfaking it2possibiéito formasatternsaHowevertheparticulza ye r

meth tb ied to a granular.type erpendicular magnetic
film. g% ICSFR%%M%I%DI%(% FTH alW\féﬁl%/l'ON]}? cgc%‘%irn’g {ooné aspect of

the preisent invention, cthere isprovidedsa substrate for a magnetic
recording media, comprising: pircumfere+ntial protruspns 20
corresponding 18 rBEGHIiG tratks ancFdifctimfefertial i fecesgeared by

correspending to grooves between the Jecgrding tracks; the substrate,
satisfying at least one of conditions (a) to (f) given below: faﬁ a surface of

the recessthas-a slmaf\ai:@qenre:rgy]smalmm&th%n:t@éaé @éhasstuh rface ﬁw@.
ion; recess is modified with a therma

o, e R L e o 2 el
characteristics of the Co/Pt multilayered film are
highly sensitive to the multilayered structure.
Specifically, a clear multilayered structure can be
obtained on the protrusions and the multilayered
structure is disturbed on the recesses, making it
possible to form patterns. However, the particular
method cannot be applied to a granular type
perpendicular magnetic film.

BRIEF SUMMARY OF THE INVENTION
According to one aspect of the present invention,

there is provided a substrate for a magnetic recording
media, comprising: circumferential protrusions
corresponding to recording tracks and circumferential
recesses corresponding to grooves between the
recording tracks; the substrate satisfying at least
one of conditions (a) to (f) given below: (a) a
surface of the recess has a surface energy smaller
than that of a surface of the protrusion; (b) the
surface of the recess is modified with a thermally

decomposable or thermally deformable substance; (c)
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the surface of the recess has surface roughness smaller than that of the
surface of the protrusion; (d) crystal orientation is more disturbed on the
surface of the recess than on the surface of the 5 protrusion; (e) the
surface of the recess is modified with a substance that causes reaction
with a magnetic material or that diffuses into the magnetic material; and
(f) the surface of the recess is modified with a substance soluble in a
solvent or with a deformable 10 substance. According to another aspect
of the present invention, there is provided a magnetic recording media,
compfisfhg® {ié abdve Substrate forses nagnetic rrecordingunedias and a

granular magnetic layer forme on the substrate for the magnetic
recording media, the c?%lré%%atloogn %ﬁ the maghetic erystdiJattice oftReon

magnetic laysrson the reeess:heing merendisturbed than dhat of the,
magnetic layer on the protrusion. BRIEF DESCRIPTION OF THE

SEVERALVIEWS ORTHEDRAWING 20 Fitel i3 afcross-séctioral

view shewingsa substtate for amagnetic recording media (HDD .
substrate) acco?ding to an embodiment of the 1(|'oqueesernetci’:fnsvsc‘an%i%nlE“i%?G.fi?éi

a cross-sectionalviewrshowinga 25 magneticrecording media (AR et i

media) accarding to an embodiment of the present invention; FIGS. 3A,
3B. 3 ?%ﬁf a%a:ﬁgahadlffuses 1nto the magnetic material;

and (f) the surface of the recess is modified with a
substance soluble in a solvent or with a deformable
substance.

According to another aspect of the present
invention, there is provided a magnetic recording
media, comprising: the above substrate for a magnetic
recording media; and a granular magnetic layer formed
on the substrate for the magnetic recording media, the
orientation of the magnetic crystal lattice of the
magnetic layer on the recess being more disturbed than
that of the magnetic layer on the protrusion.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a cross-sectional view showing a
substrate for a magnetic recording media (HDD
substrate) according to an embodiment of the present
invention;

FIG. 2 1is a cross-sectional view showing a
magnetic recording media (DTR media) according to an
embodiment of the present invention;

FIGS. 3A, 3B, 3C, 3D, 3E and 3F are
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5- cross-sectional views showing a method of manufacturing the HDD
substrate shown in FIG. 1 and the DTR media shown in FIG. 2; PTO 1.4
is a cross-sectional view showing a 5 substrate for a magnetic recording
media (HDD substrate) according to another embodiment of the present
invention; FIG. 5 is a cross-sectional view showing a magnetic recording
media (DTR media) according to 10-angther embodiment of the present
invention; FIGS. 6A, 6B, 6C, 6D, 6E and 6F are cross- sectional views
showing a method of manufacturing the HDD substrate shown in FIG. 4
and thé DTR HHedia"SHown 1iR"FI G 52 aheie1 5 FIG L79s agderspective view

showing, amagnetc, Jecauling apparatus according to an embodiment of
the present inventio%r. DETAILED DESCRIPTION OF %ﬁ%d\lﬁ@ﬁ
The dubsstidt avedidingtoan embadiment;of the 20 present invention

comprises 'lcgmf rential protrusions and circumferential recesses
the “Surl.

formed on the “surface The protrusions cOfréspdnd to e recsiding

tracks anektheyecesses. camgspend to the, graqes; between the recording
tracks. The surfaces of the 25 recesses satisfy any of conditions (a) to (f)

giver® Befow2(F @) grartfaidnagnetic fayerhs formedonthet of the

present invention;

FIG. 5 is a cross—-sectional view showing a
magnetic recording media (DTR media) according to
another embodiment of the present invention;

FIGS. 6A, 6B, 6C, 6D, 6E and 6F are cross-
sectional views showing a method of manufacturing the
HDD substrate shown in FIG. 4 and the DTR media shown
in FIG. 5; and

FIG. 7 1s a perspective view showing a magnetic
recording apparatus according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

The substrate according to an embodiment of the
present invention comprises circumferential
protrusions and circumferential recesses formed on the
surface. The protrusions correspond to the recording
tracks and the recesses correspond to the grooves
between the recording tracks. The surfaces of the
recesses satisfy any of conditions (a) to (f) given
below. If a granular magnetic layer is formed on the

substrate for the magnetic recording media satisfying
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substrate for the magnetic recording media satisfying E any of these _

conditions, the magnetic orientation of the magnetic layer on the recess Is
made smaller than that of the magnetic layer on the protrusion, making it
possible to prevent the signal-to-noise ratio (SNR) from being Iowe_:red by
magnetic signals from the recesses. The conditions noted above, i.e., (a)

to (f), will be described in more detail. (@) The surface of the recess has a
surface energy smaller than that of the surface of the 10 protrusion, if the

surf%qei ;eggrg&/h@%n@lgnt e, banding force betnvveetein/thcg-:-rmg netiic Jir!moafnd
the substrate is weakened so as to disturb te crys?al Strictute

contrdliing:the Ataigneticyerientation of the gpagnetic. . 1o rder o ¢ han
satist the E?rticular 15 condition, the surface of the recess is modified by
r

a sufface treating dgent fitta W%ﬁrfﬁ%e%rw otitainiig, forking
example; astuerine atom. Thesurface treating 9989399%%(1 above  oyg)

includes, for example, fluoroalkylsilane (FAS) such as 2

tetrahyefodkecyiviehbioysitare; heptadecafluotgnals from the

- ' [ decafluoro-1,1,2,2-
Ly O e YRR BEPRESSI O AE
tetrahydrodecyltrichlorosifane,

tridecafluora-111,32-tetkahydreactyltrigthoxysilane, 25
tridecafluoro-1,1,2,2-tetrahydrooctyltrimethoxysilane,
tridecaf-uolG-1,1, 3P tétraryrd ottylthichlorssibme has a surface

energy smaller than that of the surface of the
protrusion. If the surface energy 1is small, the
bonding force between the magnetic film and the
substrate is weakened so as to disturb the crystal
Structure controlling the magnetic orientatibn of the
magnetic film. 1In order to satisfy the particular
condition, the surface of the recess is modified by a
surface treating agent with a low surface energy
containing, for example, a fluorine atom. The surface
treating agent noted above includes, for example,
fluorocalkylsilane (FAS) such as
tetrahydrodecyltriethoxysilane, heptadecafluoro-
l,1,2,2—tetrahydrodecyltrimethoxysilane,
heptadecafluoro-1,1,2,2-
Ctetrahydrodecyltrichlorosilane,
tridecafluoro—l,1,2,2—tetrahydrooctyltriethoxysilane,
tridecafluoro—l,1,2,2—tetrahydrooctyltrimethoxysilane,
tridecafluoro—l,1,2,2wtetrahydrooctyltrichlorosilane

and trifluoropropyltrimethoxysilane.
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and t rifiuoropropyltrimethoxysilane. 7 (b) The surface of the recess is
modified wits. a thermally decomposable material or a thermally
deformable material. The thermally decomposable material includes, for
example, polyethylene glycol 5 and poly (tetramethylene glycol). Also, the
thermally deformable material includes, for example, a thermoplastic
polymer such as polyvinyl alcohol and polyisobutyl methacrylate. (c) The
surface of the recess has surface 10 roughness smaller than that of the
surface of the protrusion. The particular condition can be achieved by the
combination' 6f the" pélishind &l thée tbRinge(d)=Fhe erystalidrientation is =

e distubed o due RUITACe O e feosss CQmnr e TS surtoce

15 of the protrusion. The particular condition can be achieve

controflingrthedifradiationroka single ccrystal substyate-sush-as a-silicon
substrate wijth an ion beam. (e) The surface of the recess is modified with

a 20'SUbstance that CAifses reabtis With'a mathetie" fvaterial 6¢ tit .

diffusesinto the magneticspataral. The reactive sybstance includes, for,

example, polyvinyl chloride having chlorine atoms. Also, the substance

that difftisesdmoshaanagnetic mmatériak2s inctudes; fepexample, Cu. f)

The%%g%%%8£gg%Q%I%§f§£2?d@8ggmggapolyvinyl alcohol and
polyisobutyl methacrylate.

(c) The surface of the recess has surface
roughness smaller than that of the surface of the
protrusion. The particular condition can be achieved
by the combination of the polishing and the etching.

(d) The crystal orientation is more disturbed on
the surface of the recess, compared with the surface
of the protrusion. The particular condition can be
achieved by controlling the irradiation of a single
crystal substrate such as a silicon substrate with an
ion beam.

(e) The surface of the recess is modified with a
substance that causes reaction with a magnetic
material or that diffuses into the magnetic material.
The reactive substance includes, for example,
polyvinyl chloride having chlorine atoms. Also, the
substance that diffuses into the magnetic material
includes, for example, Cu.

(f) The surface of the recess is modified with a

substance scluble in a solvent or a deformable
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substance soluble in a solvent or a deformable - 8 substance. The
substance soluble in a solvent or deformable includes, for example,
various polymers. It suffices to use an appropriate solvent in accordance
with the kind of the polymer. 5 It should be noted that, in the substrate for
the magnetic recording media according to the embodiment of the
present invention, the difference in height between the protrusion and the
recess preferably ranges between 10 and 100 nm. 10 In the general
method of manufacturing the substrate for the magnetic recording media

accorting 8 frie-embBainTeREIFHE prasértinGention, thel sapstrate is
first coated with eesist.followed by, fooming.a Lesistpatieln by Ippdnling
or electron 15 beam lithography and subsequently etching the Substrate
so as'to 6Bfain assubstrate hawing: pProtrusioas andaecesses.nin this case,
the resist is . left ungvelrp:%vetqlgnktheé)lrg'[iru%igns. in_the next step,

depo%ﬁé:a%%?]%ﬁ example, a substante haVing a18W 20 surface energy,

a thermally decemposable:substancenathermally deformablesubstangs, .
a reactive substance, and a substance soluble in a solvent, etc. It is

possibi& 5 permitiiese suBstfites to berleftl brémovad vrithordtheent

ecesslne by gsshns SR IPRR D e g o i
between the protrusion and the recess preferably
ranges between 10 and 100 nm.

In the general method of manufacturing the
substrate for the magnetic recording media according
to the embodiment of the present invention, the
substrate is first coated with resist, followed by
forming a resist pattern by imprinting or electron-
beam lithography and subsequently etching the
substrate so as to obtain a substrate having
protrusions and recesses. In this case, the resist is
left unremoved on the protrusions. 1In the next step,
deposited are, for example, a substance having a low
surface energy, a thermally decomposable substance, a
thermally deformable substance, a reactive substance,
and a substance soluble in a solvent, etc. It is
possible to permit these substances to be left
unremoved withon the recess alone by peeling off the
resist on the protrusions (lift-off). 1In this case,
it is necessary to allow these substances to be left

unremoved when the resist is peeled off. To be more
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unremoved when the resist is peeled off. To be more - 9 specific, in the
case of using an organic solvent for removing the resist, it is necessary to
use a substance that is not peeled off by the organic solvent. In the case
of using water for peeling off 5 the resist, it is necessary to use a
substance that is not peeled by water. Further, in the case of using an
oxygen asher for peeling off the resist, ibis 1ecessary to use a substance
capable of withstanding the oxygen asher. By such a simple method, it is
10 p%ssigl? fto manufacture a desired substrate for the magnetic

recording media, a madieticyetording Thedia? (DTREMHetTa) Capablé ofor

suppressing degradationsokthe signal-tgznoise ratip (SNR) caysed by
magnetic signals from the recesses, and a magnetic recording apparatus
|5 includifgahepartiédlai agrieticaretording mediat HEXAMRIES

@le (i)sfa surface modifying layer having a

[Example 1 |Jsed in this examp

low surface energy. FIG. 1 s a cross 20 sectionar view sh&iiing &9 1 F

substrate forsd magnetici kecordingsmedia thereinafter referred-to asan ; s
HDD substrate) according to an embodiment of the present invention. As

showiPin thediawiRg, éi?&ﬁﬁfereﬁﬁéltb%truﬁﬁnéi%@rr@éﬁ@n@iﬁglit@irt]h@ an
i i i sses corresponding to the

ccouiSa S 4 Tl ases oresporting
necessary to use a substance capable of withstanding
the oxygen asher. By such a simple method, it is
possible to manufacture a desired substrate for the
magnetic recording media, a magnetic recording media
(DTR media) capable of suppressing degradation of the
signal-to-noise ratio (SNR) caused by magnetic signals
from the recesses, and a magnetic recording apparatus
including the particular magnetic recording media.

EXAMPLES

[Example 1]

Used in this example is a surface modifying layer
having a low surface energy. FIG. 1 is a cross-
sectional view showing a substrate for a magnetic
recording media (hereinafter referred to as an HDD
substrate) according to an embodiment of the present
invention. As shown in the drawing, circumferential
protrusions corresponding to the recording tracks and
circumferential recesses corresponding to the grooves
between the recording tracks are formed on the surface

of a glass substrate 11. A surface modifying layer 13
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of a glass substrate K. A surface modifying layer 13 10 containing fluorine
is formed on the surface of the recesses. FIG. 2 is a cross-sectional view
showing a magnetic recording media (DTR media) according to an 5
embodiment of the present invention. As shown in the drawing, the
surface modifying layer 13 is formed on the surface of the recesses of the
glass substrate la. Also, media films 14aand 14b are formed on the
entire surface of the glass substrate 11. The media films 10 include, for
example, a soft underlayer, an orientation control film and a magnetic
recordinig" fayer" ¥he medi fim. 244 dehotesthat fornved 6adkheof the
protrusions (recording tracks). A magnetic recording layer satisfactory in
its orientation is included in 15 the regions of the media film 14a. Also, the
media film T4l dehotes that formed enttherrecesses, (grooves) the
orientation of the magnetic crystal lattice is disturbed in the region of the

media “fim 126. 20 The mithtf 0f thahifactiififg the HOD Stibstrate an

showsin &lErdnand the DTR, mediashown in FIG. 2 will he described |
with reference to FIGS. 3A, 3B, 3C, 3D, 3E and 3F. In the first step, a

polynietAyE tHethdetylate (RMMA)filin 12 iy formedrinla thicknessr2 of 70
nm b¥1§glrg89§g@% ogf;r;?h%la%s substrate Jfl tr;laewg a diameter of 0.85

inch a5 ShowninFIc . ecesses o ass substrate 11.
Also, media films l4a and 14b are formed on the entire
surface of the glass substrate 11. The media films
include, for example, a soft underlayer, an
orientation control film and a magnetic recording
layer. The media film 1l4a denotes that formed on the
protrusions (recording tracks). A magnetic recording
layer satisfactory in its orientation is included in
the regions of the media film 14a. Also, the media
film 14b denotes that formed on the recesses
(grooves). The orientation of the magnetic crystal
lattice is disturbed in the region of the media
film 14b.

The method of manufacturing the HDD substrate
shown in FIG. 1 and the DTR media shown in FIG. 2 will
be described with reference to FIGS. 3A, 3B, 3C, 3D,
3E and 3F. 1In the first step, a polymethyl
methacrylate (PMMA) film 12 is formed in a thickness
of 70 nm by spin-coating on the glass substrate 11
having a diameter of 0.85 inch as shown in FIG. 3A.

On the other hand, prepared is a Ni mold 31 having
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On the other hand, prepared is a Ni mold 31 having circumferential
protrusions with a pitch of 100 nm, a top width of 35 nm and a height of
30 nm and also having protrusions corresponding to the address signals
and servo signals. These protrusions are 5 formed by electron-beam
lithography and plating. The Ni mold 31 thus prepared is pressed to the
PMMA film 12 so as to transfer the patterns of protrusions and recesses
on the Ni mold 31 onto the PMMA film 12 as shown in FIG. 3B. After the
Ni mold 31 is removed, 10 the recesses of the PMMA film 12 are etched
by ArFionCHiiliifg Untit tHe BRAEMYIRG Ylass'stibstratelTLis expdsédnm, a

Furthet,Jhe glags subsiaie. 1145 slectively elehed by RIE ysing a
fluorine-based gas so as to transfer the p%tterns of protrusions and1s
recegses oy therNi mold 3istotheglass substsate-11 nas shewn dr FIG.
3C. in this stage, the PMMA film 12 is left unremoved on the protrusions.

Then® e Stitfate of the Yecass istréated With heptadecaiors- are
1,1,22-teteahydrodeeyltrimgthoxysilane, which is a 20 surface treating.,,

agent containing fluorine atoms, so as to form the surface modifying layer
13 haVingalews sukfaee energy asshowmireEEd3Do Thea, theyBRMMAM

film 12,is remaved from the protrusions by a lift-off method using a
Ry ARG (NI 34 Sbs e SHoAH o1 F16. 100

solvent, tﬁ%réaby manuli‘g&%rin]é t
The HbD:substrate thus mantdactured is-foundio hayeicircumferential

protrusions with a Ditch of 100 mm, a top width of
shown in FIG. 3B. After the Ni mold 31 is removed,
the recesses of the PMMA film 12 are etched by Ar ion
milling until the underlying glass substrate 11 is
exposed. Further, the glass substrate 11 is
selectively etched by RIE using a fluorine-based gas
SO0 as to transfer the patterns of protrusions and
recesses on the Ni mold 31 to the glass substrate 11
as shown in FIG. 3C. 1In this stage, the PMMA film 12
is left unremoved on the protrusions. Then, the
surface of the recess is treated with heptadecafluoro-
1,1,2,2-tetrahydrodecyltrimethoxysilane, which is a
surface treating agent containing fluorine atoms, so
as to form the surface modifying layer 13 having a low
surface energy as shown in FIG. 3D. Then, the PMMA
film 12 is removed from the protrusions by a lift-off
method using a solvent, thereby manufacturing the HDD
substrate shown in FIG. 1. The HDD substrate thus

manufactured is found to have circumferential

protrusions with a pitch of 100 nm, a top width of
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12 60 not, and a height of 20 nm and to have patterns of protrusions and
recesses corresponding to the address signals and serve signals, as
shown in FIG. 3E. The HDD substrate is loaded in a multi-chamber 5
sputtering apparatus so as to form a soft underlayer, an orientation
control film, a perpendicular magnetic recording layer of a granular
structure formed of a mixture of CoCrPi and_Si02, and a carbon
protective film without breaking vacuum to manufacture the DTR 10
media shown in FIG. 2, as shown in FIG. 3F. A cross- section of the DTR
medi& thi€ maniifadtured 35 ebséned with=an TEM. The agrietic-erystal

lattice, of the media film,14b on the recess (groove) is found to be
distu?bed, compared with the %ns'ggnsetigoc%ét%F%?t%@ 95 8f the" medid filfs
14a en thexproteusion ¢recordingn traek). dds pessible to coat the:DTR
media with a_lubricant and to store the DTR media coated with the

lubricant before 4582mbyTrtREHOD. TRRAEAISE 20 the ldaseahithitve
othersxamples,and Gomparative, Examples-described jn the following.

[Comparative Example 11 An HDD substrate is manufactured as in
Exaniplel;, 1 exéeptithat tiventreaiméntiwith a surfacentteating 25magenit i c
containing fgjorinelatoms is_.not performed. Then, a DTR media is

recgor é

manufactured as in Example 1 dSiRg 1hé HODStbstrdte Hotdd Absie2A

Cross:$eetion: of CoCrPt and S10p, and a carbon protective
film without breaking vacuum to manufacture the DTR
media shown in FIG. 2, as shown in FIG. 3F. A cross-
section of the DTR media thus manufactured is observed
with a TEM. The magnetic crystal lattice of the media
film 14b on the recess (groove) is found to be
disturbed, compared with the magnetic crystal lattice
of the media film 14a on the protrusion (recording
track) .

It is possible to coat the DTR media with a
lubricant and to store the DTR media coated with the
lubricant before assembly of the HDD. This is also
the case with the other Examples and Comparative
Examples described in the following.

[Comparative Example 1]

An HDD substrate is manufactured as in Example 1,

except that the treatment with a surface treating

agent containing fluorine atoms is not performed.

Then, a DTR media is manufactured as in Example 1

using the HDD substrate noted above. A cross-section
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- 13 of the DTR media thus manufactured s observed with a TEN, with
the result that no change is recognized in the orientation of the magnetic
crystal lattice between the recess and the protrusion. 5 [Example 2} Used
in this Example is a surface modifying layer formed of a thermally
decomposable substance and soluble in a solvent. A polymethyl
methacrylate (PMMA) film is formed.in g thickness of 80 nm on a i0 glass
substrate having a diameter of 1 inch by spin- coating. On the other hand,
prepared is a Ni mold having circumferential protrusions with a pitch of
150 rith, at6p WititH'6F56 nut andeheight 615 ini andoalsovkaving th a
protrysigns corresponding to.the dqéess 15 signals and servo signals.
The Elﬁr%blcig %{l?re%%?eé ?/uejltécttr%r?- eam fithagraphy’afd Stating” She'Ni
mold is epressed te the PMA filn sa asde transferthe; patterns.of
protrusions and recesses onto the PMMA After the Ni mold is removed,
the récest6f the S0 BV fiffids Blcheasy-AE forPmilling until the
surface of the: Wpderlying,glass substrate is exposed. Further, the patterns
of protrusions and recesses are transferred into the glass substrate by
RIE using aVfledrine-based dgasinin this stage, the RMMAfitm o 25 the ye r
protr%%i%rgei% I%f%]ugretrﬂgved. In the next step, the substrate is coated by

spin-coating with an ‘aquesus <oltfisi? 8P atRerfall BecaRpdsabR

soluble in a solvent. A polymethyl methacrylate

(PMMA) film is formed in a thickness of 80 nm on a
glass substrate having a diameter of 1 inch by spin-
coating. On the other hand, prepared is a Ni mold
having circumferential protrusions with a pitch of

150 nm, a top width of 50 nm and a height of 50 nm and
also having protrusions corresponding to the address
signals and servo signals. The Ni mold is prepared by
electron-beam lithography and plating. The Ni mold is
pressed to the PMMA film so as to transfer the
patterns of protrusions and recesses onto the PMMA
film. After the Ni mold is removed, the recess of the
PMMA film is etched by Ar ion milling until the
surface of the underlying glass substrate is exposed.
Further, the patterns of protrusions and recesses are
transferred into the glass substrate by RIE using a
fluorine-based gas. In this stage, the PMMA film on
the protrusion is left unremoved. In the next Step,
the substrate is coated by spin-coating with an

aqueous solution of a thermally decomposable
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14 polyethylene glycol, followed by removing the PMMA film by a lift-off
method using an organic solvent, thereby manufacturing a desired HDD
substrate. The HDD substrate is found to have circumferential 5
protrusions with a pitch of 150 rim, a top width of 90 nm and a height of
40 nm and to have patterns of protrusions and recesses corresponding to
the address signals and servo signals. The HDD substrate is loaded in a
multi-chamber 10 sputtering apparatus so as to form a soft underlayer,
an orientation control film, a granular perpendicular magnetic recording
layer Pand a'éarbeh protective filmo withoatibreakirgnvacuum; therebyz

man ri DTR..media. A cross-section of the DTR media_thus 15
manﬁgg%ﬁrgg i%o%s%r%féagvﬁtﬁn% M, With the T8sUlt hAt the Grightation

of themagrieticrerystaklattice ron thedeeess is faundtohe disturbedyy,
compared with that of the magnetic crystal lattice on the protrusion. 20
[ComparativeEkample 25 ATABY stilssthatéds fiarifactred asin

Example 2, @xcept that.a film of the decomposable substance is ,not
formed and,uthen, aDTR med%glis manufactured ds ‘in E%m%%scf AE
cross?Sectiorrofithe DFRdthus 25 ianufacturedis ohsesved with-aJEM,

with the result  that no c%]ange is recognized in the orientation of the

magnetic crystal Tattice Detwaen IHE récdss APl no to the address

signals and servo signals.

The HDD substrate is loaded in a multi-chamber
sputtering apparatus so as to form a soft underlavyer,
an orientation control film, a granular perpendicular
magnetic recording layer, and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR
media. A cross-section of the DTR media thus
manufactured is observed with a TEM, with the result
that the orientation of the magnetic crystal lattice
on the recess is found to be disturbed, compared with
that of the magnetic crystal lattice on the
protrusion.

[Comparative Example 2]

A HDD substrate is manufactured as in Example 2,
except that a film of the decomposable substance is
not formed and, then, a DTR media is manufactured as
in Example 2. A cross-section of the DTR thus
manufactured is observed with a TEM, with the result
that no change is recognized in the orientation of the

magnetic crystal lattice between the recess and the
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- 'S - protrusion. [Example 3 Used is a surface modifying layer formed of a
thermally deformable substance and soluble in a 5 solvent. Specifically, a
polymethyl methacrylate (PMMA) film is formed in a thickness of 50 nm
on a glass substrate having a diameter of 1.8 inches by spin-coating. On
the other hand, prepared is a Ni mold having circumferential protrusions
with a pitch 10 of 150 nm, a top width of 50 nm and a height of 20 nm and
also having protrusions corresponding to the address signals and servo
signals. These protrusions are formed by electron-beam lithography and
platinig| °ThE Nitrold is pressed to the PMMA film so as to 15 transfer the
patterns of protrysions and recesses of the Ni mold onto the PMMA film.
After the Ni mold is removed, the recess of the PMMA film is etched by
An ion millingemtit thes sarface of thevdnderlying plass: stibstrate ist a
expoigg.rFurther, ctlg? patterns of 20 protrusions and recesses are

transferred into the “glass Substrate’ by RIEUSING afiidtiezbased gas. In

this stagethe PMMA ditlm onithe protrusion isdeft unremeved. In the next
step, the substrate is coated by spin-coating with an aqueous solution of

a 25 thétiallyfdefdriableopstyvinyt afcohbl S foliowed by femoving the

(*;’e'\/'s'i\%%% gg&'éf{?ift@e&%%di HgIng & Sqlvent, thereby manufacturing a
spin-coating. On the other hand, prepared is a Ni
mold having circumferential protrusions with a pitch
of 150 nm, a top width of 50 nm and a height of 20 nm
and also having protrusions corresponding to the
address signals and servo signals. These protrusions
are formed by electron-beam lithography and plating.
The Ni mold is pressed to the PMMA film so as to
transfer the patterns of protrusions and recesses of
the Ni mold onto the PMMA film. After the Ni mold is
removed, the recess of the PMMA film is etched by Ar
ion milling until the surface of the underlying glass
substrate is exposed. Further, the patterns of
protrusions and recesses are transferred into the
glass substrate by RIE using a fluorine-based gas. In
this stage, the PMMA film on the protrusion is left
unremoved. In the next step, the substrate is coated
by spin-coating with an agueous solution of a
thermally deformable polyvinyl alcohol, followed by
removing the PMMA film by a lift-off method using a

solvent, thereby manufacturing a desired HDD
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16 substrate. The ODD substrate is found to have circumferential
protrusions with a pitch of 150 nm, a top width of 90 nm and a height of
10 nm and to have patterns of protrusions and recesses corresponding to
5 the address signals and servo signals. The HDD substrate is loaded in a
multi-chamber sputtering apparatus so as to form a soft underlayer, an
orientation control film, a granular perpendicular magnetic recording
layer, and a carbon protective film 10 without breaking vacuum, thereby
manufacturing a DTR media (Example 3A). A cross-section of the DTR

medid “fhs'maRufactlifed isrobsErved with a TEMUWith tee hesalt that the
orientation,pf-thesmagnetic crystal, latlice gn he regass is found.tg be

disturbed, 15 compared with that of the magne'ué?1 chsta’I attice on the’ °
protrasipny Al§0; the HDDrsubstratezisHeaded in a maltiichambero have
sputterigg aprparat S so as to form a soft underlayer, an orientation

| SrIns

control film, and 8 20’ §Fanuisr pefpeRaitulG TRaGRENE récsTaiTy AlRe. to
Then; the HRD substrate is waghed with water followed by drying the

substrate and, then, forming a carbon protective film on the substrate,

thereby mantfaéttifing ® DT R rtediz (Example 3B).A urdssi25isectien of

the D ia thus manufactured is observed with a TEM, with the

result ha%%% %?igen?gﬁgnr%? the Srﬁ)agansetﬁzocrggtgﬁaaﬁigé) on tHBTetesy &

foundto orientation control film, a granular perpendicular
magnetic recording layer, and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR
media (Example 3A). A cross-section of the DTR media
thus manufactured is observed with a TEM, with the
result that the orientation of the magnetic crystal
lattice on the recess is found to be disturbed,
compared with that of the magnetic crystal lattice on
the protrusion.

Also, the HDD substrate is loaded in a multi-
chamber sputtering apparatus so as to form a soft
underlayer, an orientation control film, and a
granular perpendicular magnetic recording layer.

Then, the HDD substrate is washed with Qater, followed
by drying the substrate and, then, forming a carbon
protective film on the substrate, thereby
manufacturing a DTR media (Example 3B). A cross-
section of the DTR media thus manufactured is observed

with a TEM, with the result that the orientation of

the magnetic crystal lattice on the recess is found to
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17 be disturbed, compared with that of the magnetic crystal lattice on the
protrusion. {Example 4] Used is a surface modifying layer formed of a 5
thermally deformable substance and soluble in a solvent. Specifically, a
polyvinyl alcohol (PVA) film is formed in a thickness of 120 nm on a glass
substrate having a diameter of 1.8 inches by spin- coating. On the other
hand, prepared is a Ni mold 10 having ¢ircumferential protrusions with a
pitch of 150 nm, a top width of 40 nm and a height of 70 nm and also
having protrusions corresponding to the address signals and servo

signals. These protrusiens are Sformed by elettron-beamtiithography and

platirlgry'g{ed 15 lI\i\it_rpq)lgleis C!onre%%%d to. gt%eﬁqgéllﬁoglm So as to transfer _ the
patterns of protrusions and recesses of the NI mold onto the PVA film.

After the Nilmeldislremoved, the recess of the PVA film is etched by Ar
ion milling until the surface of the underlying glass substrate is 20
exposed. FUither, the patterns of pictrlidisnd and 2rescestesnie of @

transfeured dnto,the.glass, substrate by RIE.using a flyorine-based gas. In

this stage, the PVA film on the protrusion is left unremoved. In the next
step Sthevsubistratéis codtedely spinacoating25 withsa toluene Solatiort of m

a thermally deformable polyisobutyl methacrylate, followed by removing
the b%/z% |Iﬁrln%§ allr_]ift?ofgh]y?ﬁfias Sifg water, Bergby dlass

substrate having a diameter of 1.8 inches by spin-
coating. On the other hand, prepared is a Ni mold
having circumferential protrusions with a pitch of

150 nm, a top width of 40 nm and a height of 70 nm and
also having protrusions corresponding to the address
signals and servo signals. These protrusions are
formed by electron-beam lithography and plating. The
Ni mold is pressed to the PVA film so as to transfer
the patterns of protrusions and recesses of the Ni
mold onto the PVA film. After the Ni mold is removed,
the recess of the PVA film is etched by Ar ion milling
until the surface of the underlying glass substrate is
exposed. Further, the patterns of protrusions and
recesses are transferred into the glass substrate by
RIE using a fluorine-based gas. In this stage, the
PVA film on the protrusion is left unremoved. In the
next step, the substrate is coated by spin-coating
with a toluene solution of a thermally deformable
polyisobutyl methacryl;te, followed by removing the

PVA film by a lift-off method using water, thereby
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- 18 manufacturing a desired HDD substrate. The HDD substrate is
found to have circumferential protrusions with a pitch of 150 ,ma, a top
width of 95 nm and a neigh-- of 60 nm and to have patterns of protrusions
5 and recesses corresponding to the address signals and servo signals.
The HDD substrate is loaded in a multi-chamber sputtering apparatus so
as to form a soft underiayer, an orientation control film, granular
perpendicular 10 magnetic recording layer, and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR media (Example

4p). ALH0S§Section bf thé DTR thedia s fiahtfacturetis dbderved
with a TEN, with the result that the orientation, of é@%r%gl%’le;b{fﬁ%ﬁﬁ'w' 13

10ns
lattice on the recess is found to be disturbed, compared with that oﬁhe
magnetid:crystal tattice DNl He protrasionp Also; the HDD Substratel is:

loaded in @ multi- chamber sputtering apparatus so as to form a soft 20
u nde%l%%g, an grig ratarﬁrfl)nacno htrdl filkA! &nd B grantifarPerpendictiarn s

magnetic recordingdayer. rggﬁﬂﬂw‘ﬁnldD@S@?@r%@cj§¥\@§@ﬁgwglﬂs and
toluene, followed by drying the substrate and, then, forming a carbon
protetfiv& il ®hthé substrate, thereby 25 manufacturing a DTR mgdia
(Example 4B) A g%séggcﬁon gf the DTR eeci:li%rtlhus Hnlwalnuifzilc ured is

1 :
observed wit aTEM,WIﬂS”I tﬁ% reesﬁﬁthgtat @ orientation o chamber

sputtering apparatus so as to form a soft underlayer,
an orientation control film, a granular perpendicular
magnetic recording layer, and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR
media (Example 4A). A cross-section of the DTR media
thus manufactured is observed with a TEM, with the
result that the orientation of the magnetic crystal
lattice on the recess is found to be disturbed,
compared with that of the magnetic crystal lattice on
the protrusion.

Also, the HDD substrate is loaded in a multi-
chamber sputtering apparatus so as to form a soft
underlayer, an orientation control film, and a
granular perpendicular magnetic recording layer.

Then, the HDD substrate is washed with toluene,
followed by drying the substrate and, then, forming a
carbon protective film on the substrate, thereby
manufacturing a DTR media (Example 4B). A cross-
section of the DTR media thus manufactured is observed

with a TEM, with the result that the orientation of
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the magnet crystal lattice on the recess is found , be disturbed, compared
with that of the magnetic crystal lattice on the protrusion. [Example 5] 5
Used is a surface modifying layer formed of a thermally decomposable
substance and soluble in a solvent. Specifically, a polyvinyl alcohol (PVA)
film is formed in a thickness of 90 nm on a glass substrate having a
diameter cf 1.8 inches by spin-coating.1Qr 10 the other hand, prepared is
a Ni mold having circumferential protrusions with a pitch of 100 rim, a top
width gf 35 nm and a height of 40 nm and also having protrusions
correspondittg fo thie Address’ sighals'afd ¥ervé sighales These found to
protrysions-are, 1p forms tron-he ithography and plating. The
Ni mold is presslg%i%% E?E%XAP %%Cn @gﬁ a?s 'gng%rgngfgera@ﬂg p%?%%ﬁast of
protrasionssand eadessesaf the Nicmotd ontathe PVA film. After the Ni
mold is rem v}gad tpe rﬁgess of the PVA film. is etched by Ar ion miling
20 until the surface of t underlying glass substrate is exposed. Further,

the patterns of protiusions and-recesses.are fransferred intg the glass
substrate by RIE using a fluorine-based gas. In this stage, the PVA film

on tHe Brotrusion 7S fErrmmrenmevie d: Uh the 25enext step; the substrate is

coatgd hy_spin-coating. with an ethyl ace ate,solytion of a thermall A
deformable poly tgt?frﬁgtlh%ﬁ?%é/ gly%o%,oigll\éﬁvn dbypechel (FVA) film

is formed in a thickness of 90 nm on a glass substrate
having a diameter of 1.8 inches by spin~coating. On
the other hand, prepared is a Ni mold having
circumferential protrusions with a pitch of 100 nm, a
top width of 35 nm and a height of 40 nm and also
having protrusions corresponding to the address
signals and servo signals. These protrusions are
formed by electron-beam lithography and plating. The
Ni mold is pressed to the PVA film so as to transfer
the patterns of protrusions and recesses of the Ni
mold onto the PVA film. After the Ni mold is removed,
the recess of the PVA film is etched by Ar ion milling
until the surface of the underlying glass substrate is
exposed. Further, the patterns of protrusions and
recesses are transferred into the glass substrate by
RIE using a fluorine-based gas. In this stage, the
PVA film on the protrusion is left unremoved. In the
next step, the substrate is coated by spin-coating
with an ethyl acetate solution of a thermally

deformable poly (tetramethylene glycol), followed by
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removing the PVA film by a lift-off method using water, thereby
manufacturing a desired HDD substrate. The HDD substrate is found to
have circumferential protrusions with a pitch of 100 nm, a top width. of 5
55 nm and a height of 25 nm and to have patterns of protrusions and
recesses corresponding to the address signals and servo signals. The
HDD substrate is loaded in a multi-chamber -sputtering apparatus so as to
form a soft underlayer, 10 an orientation control film, a granular
perpendicular magnetic recording layer, and a carbon protective film

withoUE BréakiAg Vagulirt: therébyafufactiiring & DTR fedia {Example
o8- Agiassseqlionof the TR media us manwfacluedis ohserved
a

with a TEM, with the 15 result that the orientation of the magnetic cryst
lattic8'lon thelrecess is foundito Be disturbed, acampared:with tbat-ofthe

magnetictcrgstal lattice on the protrusion. Also, the HDD substrate is
loaded in a multi- 20 thambersputtering apparaius 8o @&to'torthia 86t
underlayer, amorientation:control it ,and a; granylar, perpendicular . -
magnetic recording layer. Then, the HDD substrate is washed with ethyl
acetaté ° folswed bydrying: thessissstrate amel the forming-a 25catbens
protegii\égl glim oannwesél%%%tras@ the{leby manufacturing a DTR media

(Example BBj. A cross- sectlonggﬁt & DTR media thus manufactured is

observed 2The HDD substrate is loaded in a multi-chamber
sputtering apparatus so as to form a soft underlaver,
an orientation control film, a granular perpendicular
magnetic recording layer, and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR
media (Example 5A). A cross-section of the DTR media
thus manufactured is observed with a TEM, with the
result that the orientation of the magnetic crystal
lattice on the recess is found to be disturbed,
compared with that of the magnetic crystal lattice on
the protrusion.

Also, the HDD substrate is loaded in a multi-
chamber sputtering apparatus so as to form a soft
underlayer, an orientation control film, and a
granular perpendicular magnetic recording layer.
Then, the HDD substrate is washed with ethyl acetate,
followed by drying the substrate and, then, forming a
carbon protective film on the substrate, thereby
manufacturing a DTR media (Example 5B). A cross-

section of the DTR media thus manufactured is observed
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with a TEM, with the result [hat -'he- orientation of the magnetic crystal
lattice on the recess is found to be disturbed, compared with that of the
magnetic crystal lattice on the protrusion. 5 [Example 6] In this Example,
the surface roughness on the surface of the recess is made smaller than
that on the surface of the projection. Specifically, a glass substrate
having a diameter of 1.8 inches is polished i0.with fine particles so as to
form roughness with Ra of 2 nm. Then, a polystyrene (PSt) film is formed
on the glass substrate in a thickness of 100 nm by spin- coating. On the
other ,préepdred’ista Ni'tholde Raving [dircaniferentiadl protrusions with

a pitch-Qf 15 420w, awidth of 50.nm and g height of 80 nm and. also, , |

having protrusions corresponding to the address &gr?élgsa%dls?ervo
signdts. Thegeipioirusionsiase formed thyeleetromn-heamilithegraphy and
platingr. The Nimold is pressed to the PSt film so as to transfer 20 the
patterns of protrusions and recESsés Ghto the st film. After the Ni mold

is removed, theJegess of the PSt film is etched by Ar ion milling until the
surface of the underlying glass substrate is exposed. Further, the patterns
of protrusions aht! fecesseslare Rbdransférred intoutherglass substrate

by PI ing a fluorine-based gas. As a result, the roughness Ra on the
surfagég’c%‘l?f% réjéjestsln of %%Caﬁgsls%bgﬁg%e [dyy et than that on the

surface of the projection. Specifically, a glass
substrate having a diameter of 1.8 inches is polished
with fine particles so as to form roughness with Ra of
2 nm. Then, a polystyrene (PSt) film is formed on the
glass substrate in a thickness of 100 nm by spin-
coating. On the other hand, prepared is a Ni mold
having circumferential protrusions with a pitch of

150 nm, a width of 50 nm and a height of 60 nm and
also having protrusions corresponding to the address
signals and servo signals. These protrusions are
formed by electron-beam lithography and plating. The
Ni mold is pressed to the PSt film so as to transfer
the patterns of protrusions and recesses onto the PSt
film. After the Ni mold is removed, the recess of the
PSt film is etched by Ar ion milling until the surface
of the underlying glass substrate is exposed.

Further, the patterns of protrusions and recesses are
transferred into the glass substrate by RIE using a
fluorine-based gas. As a result, the roughness Ra on

the surface of the recess of the glass substrate is
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lowered to 0.5 nm. In the next step, the PSt layers removed with an
oxygen asher so as to obtain a desired HDD substrate. The HDD
substrate is found to include circumferential protrusions with a pitch of

150 nun, a 5 top width of 90 mm and a height of 45 not and is also found
to include an irregularity corresponding to the address signals and servo
signals. The HDD substrate is loaded in,a multi-chamber sputtering
apparatus so as to form a soft underlayer, 10 an orientation control. film,

a granular perpendicular magnetic recording layer and a carbon protective
film witheuebreakiriy vacwum, fhrereby manufacturing a DTRSmediavk 1s
Cross- %ectron of the DTR media thus manufactured is observed with a

TEM, With the résult 15 That the orieitation of the magrsticarystal tfide <4

on therecess is-found to be disturbed, sompared withe dhatofthe; o1 yqe
magnetic crystal lattice on the protrusion. [Example 71 20 1n this
Exaniplé CtHe" Erystdt oientation bh the Ssurfdce of thetrecess id @i@sturbeda

com d.wi on the surface of the trusio ecifically
polyﬁiyﬁ%ﬁhaagrilgté ((I%Drﬁ/llélﬁ fffm |st {% S|J:Jn g thfr)a(nesgs ofS 80" AR

on a Spdist wbstratethrae'mgtaﬂ&dtameteﬁagz insh RysSRINGAATING: Qe
the othe@{ hand, prepared is a Ni mold having circumferential protrusions

with & PItERGT LO0AIHL & tBpwiden BF 231 anals.

The HDD substrate is loaded in a multi-chamber
sputtering apparatus so as to form a soft underlayer,
an orientation control film, a granular perpendicular
magnetic recording layer and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR
media. A cross-section of the DTR media thus
manufactured is observed with a TEM, with the result
that the orientation of the magnetic crystal lattice
on the recess is found to be disturbed, compared with
that of the magnetic crystal lattice on the
protrusion.

[Example 7]

In this Example, the crystal orientation on the
surface of the recess is disturbed, compared with that
on the surface of the protrusion. Specifically, a
polymethyl methacrylate (PMMA) film is formed in a
thickness of 80 nm on a Si disc substrate having a
diameter of 1 inch by spin-coating. On the other
hand, prepared is a Ni mold having circumferential

protrusions with a pitch of 100 nm, a top width of
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35 nm and a height of 30 nm and also having protrusions corresponding
to the address signals and servo signals. These protrusions are formed
by electron-beam lithography and plating. The Ni. mold is 5 pressed to
the PMMA film so as to transfer the patterns of protrusions and recesses
of the Ni mold onto the PMMA film. After the Ni mold is removed, the
recess of the PMMA film is etched by means_of the Ar ion milling so as to
expose selectively the surface of 10 Si disc substrate, followed by
transferring the patterns of protrusions and recesses into the Si disc
substraté"Inthis stagé, thetPMMA filmromthé pretrusion’is deft

unremoyved, In the next step thed PMMA fiLgpliS reégoved by using an_
orga%g solvent, 1% therreby grllu%é]c%uriﬁg a desired HDD éﬁﬁgt?atse. ‘}\nd

crossssection ofjthel HDD substrateristohserved withe TEMpwithithe result
that the crystal orientation on the surface of the Si crystal on the recess is

found {0 hdve pEER BistirBEP by the irddiatidr Withthe AP2olgngiold is
comparegdwith the crystahgrientation on the surface of the Sj grystal on

the protrusion. The HDD substrate is found to have circumferential
protrasiohsr with pitety of 16091, artop wddthsef<60 not ahd al heightcof

15 nn and to hav tterns of protrusions 25 and recesses correspondin
to the rgg%l ré:gsesigg%rljl%%s %rﬁdf ms'erv%%i‘ge Rals The HBEB Sibstrate s %%‘aedti%e

a mutt-ebamber 24dhe PMMA film is etched by means of the Ar
ion milling so as to expose selectively the surface of
Si disc substrate, followed by transferring the
patterns of protrusions and recesses into the Si disc
substrate. In this stage, the PMMA film on the
protrusion is left unremoved. In the next step, the
PMMA film is removed by using an organic solvent,
thereby manufacturing a desired HDD substrate. A
cross-section of the HDD substrate is observed with
TEM, with the result that the crystal orientation on
the surface of the Si crystal on the recess is found
to have been disturbed by the irradiation with the Ar
ions, compared with the crystal orientation on the
surface of the Si crystal on the protrusion. The HDD
substrate i1s found to have circumferential protrusions
with a pitch of 100 nm, a top width of 60 nm and a
height of 15 nm and to have patterns of protrusions
and recesses corresponding to the address signals and
servo signals.

The HDD substrate is loaded in a multi-chamber
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sputtering apparatus so to form a soft underlavert, an orientation control
film, a granular perpendicular magnetic recording layer, and F. carbon
protective film without breaking vacuum, thereby manufacturing a DTP 5
med.-a. A cross-section of the QTR media thus manufactured is observed
with a TEM, with the result that the orientation of the magnetic crystal
lattice on the recess is found to be-disturbed, compared with that of the
magnetic crystal lattice on the 10 protrusion. [Example 8l In this Example,
used on the surface of the recess is a surface modifying layer formed of a

substance capabie dttaacting with & ndgneticaterizt 15 and saiible in
a solvent, Spegifically, apolyvigyl ?JQ,%",OI ap\é@aHlPi$5er§g\§p§’e59 lc:8ular

thickness of 100 nm on a Si/SiOs substrate having a diameter of 1.

iNChB8s PByR§pin-cating: O thesther rand, preparedris arNi snaldvraving m
circ%mgeg%qlt,ical L[otéwﬁir(l)ns with aHPitch 20 of 150 nm, a top width of 50 nm
and a height of 15 nm- and'also Raving protrusiBis Cofespondingitothe

address signals anglserve signals. These, protriysigns; are formed by
electron-beam lithography and plating. The Ni mold! is pressed to the

PVATRSS G546 25 transier tie pattefridiobprdtfisions-and recesseslof

the pumorLago e oy AT, Aletie NLDOLLE rempYed, e eeese of
on the recess is found to be disturbed, compared with
that of the magnetic crystal lattice on the
protrusion.

[Example 8]

In this Example, used on the surface of the
recess 1is a surface modifying layer formed of a
substance capable of reacting with a magnetic material
and scluble in a solvent. Specifically, a polyvinyl
alcohol (PVA) film is formed in a thickness of 100 nm
on a S1/81i0p substrate having a diameter of 1.8 inches
by spin-coating. On the other hand, prepared is a Ni
mold having circumferential protrusions With a pitch
of 150 nm, a top width of 50 nm and a height of 15 nm
and also having protrusions corresponding to the
address signals and servo signals. These protrusions
are formed by electron-beam lithography and plating.
The Ni mold is pressed to the PVA film so as to
transfer the patterns of protrusions and recesses of
the Ni mold onto the PVA film. After the Ni mold is

removed, the recess of the PVA film is etched by Ar
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2 5 ion milling until the surface of the underlying glass substrate is
exposed. Further, the patterns of protrusions and recesses are
transferred into the glass substrate by RIE using a fluorine-based gas. In
5 this stage, the PVA film on the protrusion is left unremoved. In the next
step, the substrate is coated. by spin-coating with a toluene solution of
polyvinyl chloride having chlorine atoms:that perform a reaction with the
magnetic material, followed by removing the 10 PVA film by a lift-off
method using water, thereby manufacturing a desired HOD substrate.
The HDD 'Substrate 5 foundtochave-éirciimferential prottasionsn withlass
pitch 0f450:010. 2.{0p MJUL06,95 N A halglt of4Q o, and o have
patterns of protrusions 15 and recesses corr’espond%g t0 the address
signats-ahduservossignalsr dhesHPP sulastrateris feadediiniaito the
multi-chamber sputtering apparatus so as to form a soft underlayer, an

orientatibr cSAtRol film: & granttar pethBRAditularsT Mayretiefecrding 1°
layer:and as¢arhon protective filmy withoutbreaking vacuym, thereby,

manufacturing a DTR media. A cross-section of the DTR media thus
manufaEgired ¢s' obsérved with<a< TEM;, apith theeresuiits thattthe orientatieni

of thebma netic crggtlal Iattlcl:%gS on the recess is found to be disturbed,

compared with that of the magnetic ¢rystaFlatiice 'on the Probrusioht YL

chloride having chlorine atoms that perform a reaction
with the magnetic material, followed by removing the
PVA film by a lift-off method using water, thereby
manufacturing a desired HDD substrate. The HDD
substrate is found to have circumferential protrusions
with a pitch of 150 nm, a top width of 95 nm and a
height of 10 nm and to have patterns of protrusions
and recesses corresponding to the address signals and
servo signals.

The HDD substrate is loaded in a multi-chamber
sputtering apparatus so as to form a soft underlavyer,
an orientation control film, a granular perpendicular
magnetic recording layer, and a carbon protective film
without breaking vacuum, thereby manufacturing a DTR
media. A cross-section of the DTR media thus
manufactured is observed with a TEM, with the result
that the orientation of the magnetic crystal lattice
on the recess is found to be disturbed, compared with
that of the magnetic crystal lattice on the

protrusion.
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26 - Example 9] In this Example, a surface modifying layer formed or, the
surface of the recess is formed of a substance that can diffuse into a
magnetic material 5 Specifically, a polyvinyl alcohol (PVA) film is formed

in a thickness of 100 nm on a glass substrate having a diameter of 1.8
inches by spin-coating. On the other hand, prepared is a Ni mold having
circumferential protrusions with a pitch,Qf 150 nm, a ton width of 10 50
rim and a height of 50 nm and also having protrusions corresponding to
the address signals and servo signals. These protrusions are formed by
electron-beahi ithography and plating. The Ni mold is pressed to the PVA

film so as t%%rag f.eSr tE(}a{ 6g)attjarns 15 of protrusions and recesses gf the Ni
mold onto the PVA film. After the NiThold isFeltioved the redesstof: tiaed

PVAdiimdseetehed bysArden milling-untl $he surface.of the underlying .
glass substrate is exposed. Further, the patterns of protrusions and
rece586< aF@?O%a%E‘F@r?“ edifto theTglasssulsstrate by RIE using a

fluorie-based gas. In this st he PVA film on. ratrusion is left

unremoved. In the hex s?ép,f\gsﬁm of %ﬁ&t%lké% gar% %(l}%psg ﬁig thé tormed

maghetie materiah dés formed by sputtering, follaweddayrremaviagithe RVA 5
means of lift-off with water, thereby manufacturing a desired

25 film b
HDDCEgﬁ1 Strate. The HOD $GbSfateVisTBtiAG $6 have Eircufiferditiap ther

p““%@ﬁ&ﬁ»prepared is a Ni mold having circumferential
protrusions with a pitch of 150 nm, a top width of
50 nm and a height of 50 nm and also having
protrusions corresponding to the address signals and
servo signals. These protrusions are formed by
electron-beam lithogfaphy and plating.b The Ni mold is
pressed to the PVA film so as to transfer the patterns
of protrusions and recesses of the Ni mold onto the
PVA film. After the Ni mold is removed, the recess of
the PVA film is etched by Ar ion milling until the
surface of the underlying glass substrate is exposed.
Further, the patterns of protrusions and recesses are
transferred into the glass substrate by RIE using a
fluorine-based gas. 1In this stage, the PVA film on
the protrusion is left unremoved. In the next step, a
film of Cu that can diffuse into the magnetic material
is formed by sputtering, followed by removing the PVA
film by means of lift-off with water, thereby
manufacturing a desired HDD substrate. The HDD

substrate is found to have circumferential protrusions
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27 with a pitch of 150 nm, a con width of 90 rim and a height of 40 nm
and to have patterns of protrusions and recesses corresponding to the
address signals and servo signals. 5 The HDD substrate is loaded in a
multi-chamber sputtering apparatus so as to form a soft underlayer, an
orientation control film, a magnetic recording layer, and a carbon
protective film without breaking vacuumythereby manufacturing a DTH
media. A cross 10 section of the DTR media thus manufactured is
observed with a TEM, with the result that the orientation of the magnetic
crystdlafttice 6a thé rédess’is folind 2o the distdiied; tofiparedawith that

of the, Mmagnetic, cystallallice on the protiusion, i5 [Example 1D FIG, 4 is
a cross-sectional view showing an HDD Stbstrate accor mgtto anothér

embedimentofthe spresentinventiongAsshonn. da dhe drawing, 2150ftng
underlayer 22 is formed on a glass substrate 21, and 20 an orientation
controf filifi 23" #adeof Pd is formed on the soft underlayer 22.

Circumferential pretrusions. correspanding to the recording Efé&hﬁhn%%r

formed by the orientation control film 23. The regions free from the
orientatiory eontrol filmpr23 forms pattens of 25circumnfererttial recesses;er,

correaslpogd;n %oatch__eo%jro(g(\)/ggrg?tv%e%n the recording tracks. FI(dB, 5isa
= 1 _ 1.lm a = @
cross-sectional View's ' @ magnetilc recording

owing a
layer, and a carbon protective film without breaking
vacuum, thereby manufacturing a DTR media. A cross-
section of the DTR media thus manufactured is observed
with a TEM, with the result that the orientation of
the magnetic crystal lattice on the recess is found to
be disturbed, compared with that of the magnetic
crystal lattice on the protrusion.

[Example 10]

FIG. 4 is a cross-sectional view showing an HDD
substrate according to another embodiment of the
present invention. As shown in the drawing, a soft
underlayer 22 is formed on a glass substrate 21, and
an orientation control film 23 made of Pd is formed on
the soft underlayer 22. Circumferential protrusions
corresponding to the recording tracks are formed by
the orientation control film 23. The regions free
from the orientation control film 23 form pattern of
circumferential recesses corresponding to the grooves

between the recording tracks.

FIG. 5 is a cross-sectional view showing a
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28 magnetic recording media (DTP. media) according to an embodiment
of the present invention. As shown in the drawing, the soft underllayer 22
is formed on the glass substrate 21, and the orientation control film 23
made 5 of Pd is formed or the soft underlayer 22 in a manner to form
protrusions. Further, perpendicular magnetic recording layers 25a, 25b
are formed on the entire surface. The reference numeral 25_a den_otes a
perpendicular magnetic recording layer formed on the 1L orlentatlon
control film 23 on the protrusions (recording traqks). In the regions, the
magAEtic: Orientatisi? i gesd BIdo2 thePfeferertesnumeral 25bn denotesa

er icul: gnetic recording layer permed onthgge_cesses,
?g ropo%vﬂ(;:(i:j)sf.!‘ﬂlﬁqterr\}(]a@re%?orclts}il fhoegg?é]gr%gg nétrl% %ﬁ%ﬁ?a%bn is QiStirBay. The he

mangfagturing method of the:HRD substrate: showninklG.4andhe | 4o«
DTR media shown in FIG. 5 will be described with reference to FIGS.
61A, 68, 6C 60, 6E aft 67¢ i the fifst'stép o4 class Stbbtratd 21 20 made

cavingr adiameter0£Q.854pch is.loaded in a QM'(% %hrarggeri%p%tt%gtwr%ler
apparatus so as to form a soft underlayer 22 an 4n orientation cOntro
film 23 niade of:Rd,rassskown in FiGt 6A: In the-nextistep; a rp@lyg}lgfg;ltaylc
methacrylate (PMMA,) film 24 is formed on 25 the orientation control film
23 b)ﬁa%%éléri%%éﬁngf%w %rﬁ}iélgnaéss‘é%@ﬁ%,f%%ﬁﬁh Fis. 6BOfcthe

othes thand-prepared is-aNiagkt 31 having cireumiergntial,
perpendicular magnetic recording layer formed on the
orientation control film 23 on the protrusions
(recording tracks). 1In the regions, the magnetic
orientation is good. Also, the reference numeral 25b
denotes a perpendicular magnetic recording layer
formed on the recesses (grooves). 1In the regions, the
magnetic orientation is disturbed.

The manufacturing method of the HDD substrate
shown in FIG. 4 and the DTR media shown in FIG. 5 will
be described with reference to FIGS. 6A, 6B, 6C, 6D,
6E and 6F. In the first step, & glass substrate 21
having a diameter of 0.85 inch is loaded in & multi-
Chamber sputtering apparatus so as to form a soft
underlayer 22 and an orientation control film 23 made
of Pd, as shown in FIG. 6A. In the next step, a
polymethyl methacrylate (PMMA) film 24 is formed on
the orientation control film 23 by spin-coating in a
thickness of 80 nm, as shown in FIG. 6B. On the other

hand, prepared is a Ni mold 31 having circumferential
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protrusions with a pitch of 100 nm, a :op wii_d-:.h of 35 nm and a height
of 30 nm also having protrusions corresponding to the address signals
and servo signals. These protrusions are formed by electron 5 beam
lithography and plating. The Ni mold 31 is pressed to the PMMA film 24
so as to transfer the patterns of protrusions and recesses of the Ni mold
31 onto the PMMA film 24, as shown in F1G.6C. After the Nimold 31 is
removed, patterns of protrusions and 10 recesses are formed on the
orientation control film 23 by Ar ion milling. At this stage, the PMMA 24
film i$ 1eft Uhtemovedion the protrlsion. IhtRemext steprthelPMMAFilm

is remaved b ing an,organic ent so.as tq form the HDD subs'-rate
shovﬁgln%giGX%ﬁa% 1§Q§ho}%;/9n mfi?jc\é 6E. The % “substrate Hus forhied

included cireumierentiat protrusiansiwithsa pitgh of s160,AM; a-tep width of
55 nm and a height of 15 nm and also included patterns of protrusions

and recé88es corresponding td the addressssigharshd servo 20 sighals.
The HOL: substraterislagded in a myltizchamber, sputtering aﬁparatus SO

as to form a perpendicular magnetic recording layer of a granular
structuresand &carben proftective filnd without breakingaractium saas 25

to obtai 2 DTR media as shown in FIG. 6F. A cross- section of the DTR
media't tﬁus ortl)%alnfe R bR Wif's TIRC Witit the resole tHat the1d 31

orientation @h30PMMA £ilm 24, as shown in FIG. 6C. After the
Ni mold 31 is removed, patterns of protrusions and
recesses are formed on the orientation control film 23
by Ar ion milling. At this stage, the PMMA 24 film is
left unremoved on the protrusion. In the next step,
the PMMA film is removed by using an organic solvent
so as to form the HDD substrate shown in FIG. 4 as
shown in FIG. 6E. The HDD substrate thus formed
included circumferential protrusions with a pitch of
100 nm, a top width of 55 nm and a height of 15 nm and
also included patterns of protrusions and recesses
corresponding to the address signals and servo
signals.

The HDD substrate is loaded in a multi-chamber
sputtering apparatus so as to form a perpendicular
magnetic recording layer of a granular structure, and
a carbon protective film without breaking vacuum so as
to obtain a DTR media as shown in FIG. 6F. A cross-
section of the DTR media thus obtained is observed

with a TEM, with the result that the orientation of
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the perpendicular magnetic crystals in the perpendicular magnetic
recording layer 25b on the recess is found to be disturbed, compared with
that of the perpendicular magnetic crystals in the 5 perpendicular
magnetic recording layer 25a on the protrusion. FIG. 7 is a perspective
view showing a magnetic recording apparatus according to an
embodiment of the present inventien. Ag shawn in the drawing, the 10
magnetic recording apparatus comprises a chassis 50. Arranged within
the chassis 50 are a magnetic recording media (DTR media) 10, a

spindie métoF B1for Fotating #8' DT R-mediaste, & headtdlider 55, a head

suspgasign-assembly for supportingthe head slider 55 %%Q-%h_ fhe.
combination of a suspension 54 and an actuator arm 53) , a voice coil
motof ¥YEM) 36 ahduadircuit Hsoatds The IR media:is mounteghtorther

spindﬁl ~motor %%30 aslt_o be rotated by the spindle motor 51, with the
result that various digital dafa areTetorded o0 ' the' DTR edia 10. The
magnetic-head incorporatede ini theshead slidey 56.isa so-called integrated

type including a single pole head and a GMR element. The suspension
54 isthéld at dherend of the actuator arm 53, and the head slider 55 is

supported hy;the 25 suspension 54 in.a manner to face the recording
surface of the DTR media 1.0. The actuator ari 53 18" Mduriteli 18 & piv6t

52. Thecvoide coilapoies (MEMy &6ckding to an embodiment of the
present invention. As shown in the drawing, the
magnetic recording apparatus comprises a chassis 50.
Arranged within the chassis 50 are a magnetic
recording media (DTR media) 10, a spindle motor 51 for
rotating the DTR media 10, a head slider 55, a head
suspension assembly for supporting the head slider 55
(i.e., combination of a suspension 54 and an actuator
arm 53), a voice coill motor (VCM) 56 and a circuit
board. The DTR media 10 is mounted to the spindle
motor 51 so as to be rotated by the spindle motor 51,
with the result that various digital data are recorded
in the DTR media 10. The magnetic¢ head incorporated
in the head slider 55 is a so-called integrated type
including a single pole head and a GMR element. The
suspension 54 is held at one end of the actuator arm
53, and the head slider 55 is supported by the
suspension 54 in a manner to face the recording
surface of the DTR media 10. The actuator arm 53 is

mounted to a pivot 52. The voice coil motor (VCM) 56
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IS mounted as an actuator at the other end of the actuator arm 53. The
head suspension assembly is actuated by the voice coil motor (VCM) 56
so as to permit the magnetic head to be positioned over 5 arbitrary radial
position of the DTR media 10. The circuit board comprises a head IC so
as to generate driving signals for the voice coil motor (VCM) and control
signals for controlling read/write performed hy the magnetic head. 10 The
DTR media manufactured in each of the Examples and the Comparative
Examples described above is coated with a lubricant having a fluorinated
alkyl *§rotfp-So-as té manufacturetthe magridtic recordingnapparatus

Show&c‘@u@'@dﬁ'é@ nEh% ?TRIrﬂedka h%V|g% %5e(:rllrgycrp?:‘gg%gtlea}(!kplrotru5|ons

with a pitch of 100 nm, “the width of the read magnetic Sensor is'set at 55
nm and the widthyofithe singlegpale heagdds set at/70 nm. In the DTR
media having circumferential protrusions formed at a pitch of 150 nm, the

widtP6f the'redd 20 Aidgietic $67sor S sBEat80 hi andthe#idth of the
single pole head is set at 100.can, JrheoQT%the%i?Rismé%Fﬁse% gt a rotating
ea

speed of 5,000 rpm and read/write is performed using a slider with a
flyingcheight of 20amd. Tablerl shows thesESNR®fthe 225 outpetsigaals. In

Exargelgvll,ntheSSlNﬁ iﬁ fo%nd to be 15 dB, whereas the SNR for
Comparative’Example I is foundto 33+¢¢ coil motor (VCM) and

control signals for controlling read/write performed
by the magnetic head.

The DTR media manufactured in each of the
Examples and the Comparative Examples described above
is coated with a lubricant having a fluorinated alkyl
group so as to manufacture the magnetic recording
apparatus shown in FIG. 7. In the DTR media having
circumferential protrusions with a pitch of 100 nm,
the width of the read magnetic sensor is set at 55 nm
and the width of the single pole head is set at 70 nm.
In the DTR media having circumferential protrusions
formed at a pitch of 150 nm, the width of the read
magnetic sensor is set at 80 nm and the width of the
single pole head is set at 100 nm. The DTR media is
rotated at a rotating speed of 5,000 rpm and
read/write is performed using a head slider with a
flying height of 10 nm. Table 1 shows the SNR of the
output signals.

In Example 1, the SNR is found to be 15 dB,

whereas the SNR for Comparative Example 1 is found to



be only 12 dE. Similarly, the oNR for Example 2 is round to be 18 dB,
whereas the SNRfor Comparative Example 2 is found to be only 14 dB.
The experimental data support that the SNR is lowered by the magnetic 5
signals from the recesses in the Comparative Examples.. However, it is
possible to overcome the difficulty in the Examples of the present
invention. Table 1 SNR dEj Example §15 Comparative Example 1E12
Example 2 18 Comparative Example 2 14 Example 3A 17 Example 3B
18 Example 4A 18 Example 4B 18.5 Example 5A 15 Example 5B 15.5I
H Example 67199 Examplel7.14:5 Exarmpte 8114.5 Exampleo946 is
Exan%%lgnjﬁo %%Sk?eLE?YCPBWIV%%r%BaSClglhnés:SNR for Comparative
Example 2 1s found to be only 14 dB. The experimental
data support that the SNR is lowered by the magnetic
signals from the recesses in the Comparative Examples.

However, it is possible to overcome the difficulty in

the Examples of the present invention.

Table 1

SNR

(dB)

Example 1 15
Comparative Example 1 12
Example 2 18
Comparative Example 2 14
Example 3A 17
Example 3B 18
Example 4A 18
Example 4B 18.5
Example 5A 15
Example 5B - 115.5
Example 6 19
Example 7 14.5
Example 8 14.5
Example 9 16

Example 10 15.5
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1. A substrate for a magnetic recording media, comprising:

circumferential protrusions corresponding to 5 recording tracks and
circumferential recesses corresponding to grooves between the recording
tracks; the substrate satisfying one of conditions (a) to (e) given below:

(a) a surface of the recess is modified with a 10 substance contalm@gD WISE
fluorine; (b) a surface of the recess is modified with a thermally
decomposable material selected from the group consisting of

polyethylene glycol and poly (tetramethylene glycol); 15 (c) a surface of

the recess is modified with a thermally defgrmable material selected from
the group consisting of polyvinyl alcohol and polyisobutyl methacrylate;

(d) a surface df-theeGesssis maddifiéd with 20 polvinyl cklodde;iand (@dia,
surface of the.recess is modified with Cu. LLOYD WISE 34 2. The
substréigné%%rsdlr?&fo claim 1, wherein the substance containing fluorine

is f|u0r0&|ky'%'ﬁ?@u%rf@leeﬁ%ki%tﬁatﬁ%E?@é’l%@sdé'&'}}e\’s\’B‘Sﬁedﬁn%thce

difference in height between the protrusion and
recording tracks and circumferential recesses

corresponding to grooves between the recording tracks;

the substrate satisfying one of conditions (a)
to (e) given below:

(a) a surface of the recess is modified with a
substance containing fluorine;

(b) a surface of the recess is modified with a
thermally decomposable material selected from the
group consisting of polyethylene glycol and poly
(tetramethylene glycol);

(c) a surface of the recess is modified with a
thermally deformable material selected from the group
consisting of polyvinyl alcohol and polyisobutyl
methacrylate;

(d) a surface of the recess is modified with
polyvinyl chloride; and

(e) a surface of the recess is modified with

Cu.
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the recess ranges between 10 and 100 nm. 4. The substrate according to
claim 1, wherein the substrate is formed of glass or silicon. 5. A magnetic
recording media, comprising: 10 the substrate for a magnetic recording
media according to claim 1; and a granular magnetic layer formed on the
substrate for the magnetic recording media, the orientation of the LLOYD WISE
magnetic crystal lattice 15 of the magn_etic§ yer on the recess being more
disturbed than that of the magnetic layer on the protrusion. 6. A magnetic
recording apparatus, comprising: the magnetic recording media according

to claim 5; and .20 amaghetishe@de according to claim 1, wherein
the substance containing fluorine is
fluorocalkylsilane.

3. The substrate according to claim 1, wherein
the difference in height between the protrusion and
the recess ranges between 10 and 100 nm.

4. The substrate according to claim 1, wherein
the substrate is formed of glass or silicon.

5. A magnetic recording media, comprising:

the substrate for a magnetic recording media
according to claim 1; and

a granular magnetic layer formed on the substrate
for the magnetic recording media,

the orientation of the magnetic crystal lattice
of the magnetic layer on the recess being more
disturbed than that of the magnetic layer on the
protrusion.

6. A magnetic recording apparatus, comprising:
the magnetic recording media according to claim 5; and

a magnetic head.



