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FOR MAGNETI C RECORDI NG MEDI A, MAGNETI C RECCRDI NG (ﬂ"ﬂ“lm “”M”l"
MEDI A AND MAGNETI C RECORDI NG APPARATUS BACKGROUND

THE I NVENTION 5 The present invention relates to a *159159*
substrate for a magnetic recording nedia having

' d f d thereon, a nagneti
ecor g s of " sbat e prbcenelng 1ype ond RN

recordi ng nedi a nnunt&% 10 thereto. In increasing the"G00002*

track density of a ha TorsgF EPFvéN¥FEE§ON
interfeg e e?@gegéﬁﬁET?gjQﬁ@Bﬁ?iﬁ@cgﬁDIXasmﬁggﬁng

be a pro ved. "In particu
| overrf¢bRELNE GAYSEIARY Mﬂ@Nift@gﬁEééﬁﬁf&GQﬁP?AéﬁTUS

magnetic field fromthe wite head 1s a serious

techni cal probl em tendesrvedr At sereher tgack type
patterned nmedia (DTR nmedia) in which recording tracks
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a side erase phenonenon in recording and a side read

20 pherererohl ¢ nreeprdtuei ngdso asving i pooeaseions and

mar kedly the density in the cross-track direction

and, THRSS¢S f%&m@%t%%ﬁ¥%9®ro@u%ﬁg%ﬁWﬁ&nﬁﬁ¢@rdlng media of
recordln medi a capabl e of high density recording.

The T o i CY TR AT negretied 17 I PR Et et higrecording

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



10

15

20

25

25 type and a substrate processing type. A large
nunber of manufacturing steps are required for
obtaining the DIR nedia of the magnetic filmetching
type, leading to a high manufacturing cost. Therefore,
the substrate processing type DIR nedia, prepared by
first producing a substrate having protrusions and
recesses and then depositing adragnetic film by
sputtering, is 5 suitable to mass production of the
DTIR nedia. In the substrate processing type DIR nedi a,
howeie? atwmdwf@cwlrmq scattso B @Fe t highe
recess with the result that the signal-to-noise

rati oSLt S %%‘?%%”b‘%/ RERMTR R G SPWW%%eb&ioflrst

|t is considere

e o ef%%%ﬁ%f‘@fﬁ%r% et B {5 P qesses
rmgne;rx& énér{ncpé;@ésefél dg ﬁ&@ﬁéeéllréggﬁgé@gw%mg, is

manufacturing a pattern a i's” ‘propose

exanp &, t alapanes e eg%oa;aé@i&«ﬁucgﬁ tH® KOk N
2002-359138. It is disclosed in this prior art that

the surfacem ofha §essormgnetisceayerigisypsedberthvely,
covered with a mask so as to permt the surface of

t he frerweormagnethe nagrert 1o hielrsel e i ael forrexposed o

a reactive gas contai ning a hal ogen 20 el enent,

t her eRF IR Ui g ttHee esgrosidd Port i O, sigual-ternoise
met hod of nanufacturln atterned nedi a by

sel edtdveél y i LA iy Wﬁ@ké@‘ﬂﬁ?%e‘sﬁn%% %%Qﬁathe

di scl osed No. 6, 168, 845. Furth
o1 opdeet i Tapd @?er SR DT Nt - pgEE e

25 aé@é&%&&% 1%15% qr%ad}lettrlocge&éroapéceo 1&9’&‘3 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
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ions are introduced into those regions of the magnetic

| ayer positioned between the recording tracks of the 3

di screte track nmedia so as to make the magnetic | ayer

on those regi ons nonnmagneti c. However, it is

difficult to carry out these nethods. Al so proposed is

a patterned nedia prepared by 5 formng a

mul til ayered Co/ Pt magnetic thé% on a Si  substrate
havi ng protrusions and recesses; see Phys. Rev. B 62,
12271-12281 (2000). The, magnetic characteristics of

Lhe. GUPEETER (T1BYEIEUH | 51 ot ChiIGHTS SendMive1e Laver

(e, R ayer el hoCiigaq 0 Spec figally o ol g

mul tiTayeré ur e t ai ne

pr ot ryistpns, fnd. g h@a%téé@yﬁa&& Rddcidre is

di sturbed on the recesses, nmaking It possible to form

patterns. kpy»svlsf@ﬁaéggdpﬁgtécyé@ierrﬁ@a hesh £aneptpPeed by
applied to a granul ar type is perpendi cul ar nagnetic

fil mfd&RhErg SUMRYL Oy dHEd | NVENT I rAeciof didige f coone Si

aspect of the present invention, there is provided a

substswt st fatre sharagnetd o recorai ngndred: @ s oomprses Nehys.

circunferenti al frotrusions 20 corresponding to

recor®ing B raeksl ahol ti 428t et al Thedesmmmtic

correspondi ng to grooves between the recording .

tr acl@,galf%t%b%’ijr%? Ll athS IS g dtvltebstye i Toflm are

condi.t. (a)_to (f iven below. (a) a, surface of

the rec qénliy hs’agsnsal Suf a%oe e e rwtsjﬁaﬂgerredZSStt%%% Hhat

of a S%“géiaf:lecé)fl};,hea pépégy%@l%il(@efgl? 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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surface of the recess is nodified with a thermally
deconposabl e or thermally def ornmabl e substance; (c)
the surface of the recess has surface roughness

smal l er than that of the surface of the protrusion;
(d) crystal orientation is nore disturbed on the
surface of the recess than on the surface of the 5
protrusion; (e) the surface of the Tecess is nodified
with a substance that causes reaction with a magnetic

material or that diffuses into the magnetic material;
and ()€ tTFSAFT ok 01 tFRCE T3S | U NRFT | BRMIRRPS R

subst anc solﬁ}kile [ vent or_wth

I f bl e .
10 SUB e, SREGOT Mo L o" Mhot er A% Rt T 0 Tfecruson;

prese I Degg'o . Ny ' [

recor |)ngélr¥re |%,%%%B§%§T%%:P% ﬁ%e(&g%g%% su%s!?eé a%:ne _%er
a MagNgtsLee FSCOFKE NG IBEL 3 n 2002 ANyl B ; JRgHLT 16
| ayer fornmed 15 on the substrate for the magnetic

recorgiidgruedim; (e ti i antdddOn Oftiderdmaneti€ modified
crystal lattice of the magnetic |ayer on the recess
bei ngvindr ea st rdeck tftent ddate Of rddier magnetilc 4 aysynetic
on the protrusion. BRI EF DESCRI PTI ON OF THE SEVERAL
VI ENB\a0R THE. BRAWING  Q0f Fus@s 1into & vy gsagsectd omtlerial;
view showing a substrate for a magnetic recordi ndg '
nedi @1HOD ) sUbstT i cahridihg e sh entsined grith a
the present invention;, FIG IS a cross-sectional
Vi ow WA T8 el & retoeil ng meth o) (D T e
accorsqj&gcatnocean enbodi nrent of the present invention;
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 is a cross-sectional view showing a
magnetic recording media (DTR media) according to an

empbodiment of the present invention;

FIGS. 3A, 3B, 3C, 3D, 3E and 3F are
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FIGS. 3A, 3B, 3C, 3D, 3E and 3F are 5 cross-sectional
views showi ng a nmethod of nmanufacturing the HDD
substrate shown in FIG 1 and the DIR nedia shown in
FIG 2; FIG 4 is a cross-sectional view showing a 5
substrate for a magnetic recordi ng nmedia (HDD
substrate) according to another enbodi nent of the
present invention;, FIG 5 isa Y 0Ss-sectional vi ew
showi ng a magnetic recording nedia (DIR nedi a)

accordin%Sto 10 anot her enbodi ment of the present
i nventT QR ETES OB BEEVBCNED NG dMAt B a?® cross-

ti | - Vi . showl t.hod of factur] t
o0 SBot e VB e Tt P el & Ehobern
in FlGeSrantedb Al wd 15 ArPerspective view show ng

a magnetic recordi ng apparatus according to an

enbodi nentrof, theispseseptsioventbom PEIN LEDing a
DESCRI PTI ON OF THE | NVENTI ON The substrate accordi ng

t o ans@ndoch tentonfa tiegn20i presefntdimyemddon (HDD
conprises circunferential protrusions and
circudeseritial aeoessess for metbtret henbsdidiace. offhehe
protrusions correspond to the recording tracks and

t he rEcEESyEs ©oredspond to the grooves between the
recording tracks. K The surfaces of the 25 recesses
satisfy anyl®f tohdidioheSajetolery! gy veh Sheybig #f

a gr‘fj}r("al"c}naertinéa neeéoircdilna er{eéf’af%’f?dmeo ig)heaccording 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 is 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 recordi ng nedi a satisfying
any of these conditions, the magnetic orientation of
the magnetic | ayer on the recess is made small er than
that of the magnetic |ayer on the protrusion, making
it possible to prevent the signal-to-noise ratio (SNR)
5 frombeing | owered by nagnqyl%b5|gnals fromthe
recesses. The conditions noted above, i.e., (a) to
(f), will be described in nore detail. (a) The surface

f th h f th t
of LR bt ane s Crathofon rst S A e SR et of
ener gynd Sx?aﬁ;?%élctf Po&qlﬂgefroé&ees§)et déhﬁnall?r than

magneti c and t substrate is mea SO as

d'StLﬁﬁbﬁr@fC€W§tﬁﬁgn§ﬁf@01#§§rQﬁptfﬁé|§f&k§&§ﬁon, making
magnetic orientation of the magnetic film |n order

to satt Sfysd el pard i wikadn 5t eonsh gri0n; t & -heo sdi facel ©f (SNR)
the recess is nodified by a surface treating agent

wi t h fardrovpsurd abeverned gyy reogriet v gy, grfalrs efcanpl dhe a
fluorine atom The surface treating agent noted above

i ncl VoSS S §9% - exé?ﬁ)l@ndﬁ%@?f‘odllck‘iﬁ idkriee ( FAS) . such to

as 20 etra drode trlethoxyS|Iane heptadecafluoro-

1,1, 2{ 9.1 gt¥ ARG FrethdiQ/S |

heptadecaf uor

tetrahydro q??? ?ﬁ%ﬁ%ﬁﬁl%&]the recess has a surface
L dee‘%?é‘ﬂg%%%allﬂez Gidetraly g pagtyldri gthoxysilane,

tr! degafd Marisrl, 1,25 2t‘ﬁeet§1ﬁ_hﬁ’égé3%é’xl<% l@té?r%ms' lane,

tridecafluoro-1,1,2, 2-tetrahydrooctyltrichlorosilane

and tydridiuey oy oy IddiwadhoxsSinafistic film and the
substrate is weakened so as to disturb the crystal
structure controlling the magnetic orientatibn of the
magnetic film. In order to satisfy the particulaﬁ
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-
1,1,2,2-tetrahydrodecyltrimethoxysilane,
heptadecafluocro-1,1,2,2-
tetrahydrodecyltrichlorosilane,
tridecafluoro-1,1,2,2-tetrahydrooctyltriethoxysilane,
tridecafluoro-1,1,2,2-tetrahydrooctyltrimethoxysilane,

tridecafluoro-1,1,2,2-tetrahydrooctyltrichlorosilane

and trifluoropropyltrimethoxysilane.
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(b) The surface of the recess is nodified with a
thermal | y deconposable nmaterial or a thermally
defornabl e material. The thermally deconposabl e
materi al includes, for exanple, polyethylene glycol
and poly (tetranmethylene glycol). Also, the thermally
deformabl e material includes, fqr exanple, a

t her nopl asti c pol ymer such a§'p&1yVinyI al cohol and
pol yi sobutyl nethacrylate. (c) The surface of the

recess has surface 10 _roughness smaller than that of
the surfac&bf the tUaTprotPhston. T9heSpattiBafyried with a

consi 1o £20, e A EEth s Lo OB Rl GO e

poIiQHF%@ Hn

'S MU MO Ol 1N sl a0t a1 S8EGRSosap1e

conpare the surface 1s protrus
par tidd &1 condidi e 2N be achheved by Fodhd NGl ycol
the irradiation of a single crystal substra%e such as

a sildrabrpsupstiat eaméthy Béne i @Nydeam (B)sdheciseirfie€emally
of the recess is nodified with a 20 substance that

causes: feauth lon matdr e magnetude s refer | atammple had

di ffuses into the nagnetic material. The reactive
substEREN NG Sides , T ormex asptle, as pod wn Wy 1 chl ephige and
havi ng chl ori ne atons. Al so, the substance that

di f f Y i SRR tohe BRigEt T et erial 25 incl udes, for

exanpl e, .. (f),_ The rface_of the recess is nodified
PR sutih e et oS e ol o Ral Gaf ol b o

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 soluble in a solvent or a deformable
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subst ance. The substance soluble in a solvent or

def ormabl e i ncludes, for exanple, various polyners.

It suffices to use an appropriate solvent accordance
with the kind of the polynmer. 5 It should be noted
that, in the substrate for the nmagnetic recording
nmedi a according to the enbodi nent of the present

i nvention, the difference in'he@ghf’ bet ween t he
protrusion and the recess preferably ranges between
10 and 100 nm 10 In the general nethod of

manuf BRTTIHG t hel NS UBR TR RCT 6O L HR Sreighet igolvent or
recordj ia according .to the enbodi nent of the

pr ese%ltpﬁl{{/%w elolnr}cfth =S Ut rHtEE i P AR R
resis r.m j pat-t o)
inpri%ﬁi{%?%ﬁ' e ég%r%éénéy{éhéﬁééﬁaéﬁﬁeu)%ﬁ%ﬁkﬂg&

subseguentdanal Ghity dhe k SUPdf alie SR 1JMd0 obtain a

substrate having protrusions and recesses. In this
case, the Tesilsduis béd efdtemremmyvedi®Wnidesubstrate for the
protrusions. In the next step, deposited are, for
exanplagnet isubstarck ravian) a d aw 20 reurface e rertgydinent
thermal | y deconposabl e substance, a thermally

def ordfadilee susstanicein e tdaut i s uisifarsace dmd height
subst ance soluble in a solvent, etc. It is possible

to pAATHICHhddlE AR (381 Heefie Cans asiad aktloh

on the recess .al one eel | off the 25 resist on
the prot %%ﬁﬁﬁ?ﬁqqfﬁyégFf; YHis case, it is

necessary fip @ld QLAdiese AUINANELS IR AGS By che

unr enoved en the resist is peel e Or} . 0O De re

specidist ddt d R Case afadhtiid 3 amNC liedcdMaing
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. In 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). In 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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renoving 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, it is
necessary to use a substance'baﬁ%bré of wi t hstandi ng

t he oxygen asher. By such a sinple nethod, it is 10

ossible to manufacture a desired substrate for the
Pooneti et Sl i rade SR itRd F caieh i selitept for

(DTR [.a | e of suppressing degradation of_the
P B0 e TSN | o oB B hEDrEe (S nal s

si gnal - se rati cause y

fromghes8cesses, . ahd gﬁggﬁé& ‘5%%@%%% |éjaS

15 including the particu magneti c recordi ng

EXAMRLES, dBxanmpt e de Usede i §r thd sSn@xaipl € £ Sy %@éﬁjfr?l&eoff

nodi fying | ayer having a | ow surface energy. FIG

IS a trosse2Absecit ondl nadess shpw dguse saibsivatandorcigat is
magnetic recording nedia (hereinafter referred to as

an HODt swdsstedtiey waoor di nguttthan ebodieertsofof hesing an
present invention. As shown in the drawing, =

Ci r cUF¥FEhtadHer prot reas b coff ddpondi nigFto tthels
recordi ng tracks and 25 circunferential_  recesses

cor r ESFETRA Ty t'° tHE gt R aekt vigdhiP R e Gledbirldisigpnding

tracgﬁugr%<fq;ped on the, surface of | ass substrate

115 AT hotT I ng ThyRic 1 10 ened iy Lo oo

flLK”ﬂJE%ﬂﬁiécgéﬁH¥§UEJJ%hf%”gEﬁé%fge&rgﬁbstrate 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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recesses. FIG 2 is a cross-sectional view show ng a
magneti c recordi ng nedia (DTR nedia) according to an

5 enbodi ment of the present invention. As shown in the
drawi ng, the surface nodifying layer 13 is formed on
the surface of the recesses of the glass substrate 11.
Al so, nedia filns 14a and 14b are forned on the entire
surface of the glass substrate 59. The nedia films 10
i ncl ude, for exanple a soft underl ayer,

ori entat on .cont film.and a magneti cor di ng

| ayer nﬁﬁae“}f&ﬂ ]flicfrrﬁri%alsdeﬁ%rtné%&toﬁ‘at ﬁ‘He‘dfd t3fe the
prot r s qﬂ§f£record|ng tracks). A nagnetlc recording
Iayer sa I'stfactory in its orientation is included in

15 the regiqps of; the M@gém#@l A& s fpdi a

film 14b denotes that fornmed on the recesses

(gr ogvefet ihe-Hd @Mt} iy 1 @ﬂﬂ?'ﬁéﬂﬁ3|(édﬂdﬁafﬂg to an
lattice is disturbed in the regi on of the media film

14b. exbobhmemset o wfe maradfant uriwghtie HDR s Wisdwatin the
shown in FIG 1 and the DIR nedia shown in FIG 2. w |

be des@mibed wiheh sweff@anoedid FINGS. 13k r 3B, i3C,f@Med on
3E and 3F. In the first step, a pol ynethyl

net hadysy 15t qaemve) 19 mecEsses @rﬂré@q 9 la ashisyasdsgte 11.

ﬁgv?f 7% gg%%éfgg%gﬁgo%é%P%ﬁgﬂ t he las%p%%%féﬁgteéténtlre

SO L o T S A 1

n”‘ anlude, for example, a soft underlayer, an
orientation control film and a magnetic recording
layer. The media film 14a 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 l4a. 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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top width of 35 nmand a height of 30 nmand al so
havi ng protrusi ons corresponding to the address
signals and servo signals. These protrusions are 5
formed by el ectron-beam |ithography and plating. The
Ni nmold 31 thus prepared is pressed to the PVMA film
12 so as to transfer the patterns of protrusions and
recesses on the Ni nold 31 ontolthe PMVA film 12 as
shown in FIG 3B. After the NI nold 31 is renoved, 10

th ! of the PMMA film 12 are etched by Ar_ion
i |e| {%&%ﬁsﬁﬂeﬁs&?r%@%&??%%%’?%&@h%t%&@ 1af {00 nm, a

I b '
ol oot R e by R B M1 o i LT e e
so as, 4 A4 ansder, d g, patd erds, edigfgotwse S Ak Lo

recesses on the NI nold 31 to 't ass substrate 11

as shownhd s Rifa fGvd nsidis) st agﬁleé@ﬁplpd\é%sfiidﬁg re

is left unrenmoved on the protrusions. Then, the

sur f axernefd thhe gleeesSor-Soddredtacthod tdphepiradecafd 4af 0- The
1,1, 2, 2-tetrahydrodecyl tri nmet hoxysilane, which is a 20
sur f dtle malehtdIng-rage mraontead nisng fdamrd ne dtteneMMO £ilm

as to formthe surface nodifying |ayer 13 having a | ow
sur f dce EheryE A EHoWeY rHH RABBIMTharf rinsmMEns and
film1l2 is renoved fromthe protrusions 3%1a lift-off

met hdf TG £ 5 Venrty Rt eby hdrfurtdiet Wiy Ghe Hob as
25 Susk%lsotwrnat'e éEp FIA telr' t here b{%mﬂoﬁgﬁﬁlglafse rteQnuoSved,

nanufac;uréﬂlis ‘ound t o have :

o1 A I P DO AT 90 A O e o

of milling until the underlying glass substrate 11 is
exposed. Further, the glass substrate 11 is
selectively etched by RIE using a fluorine-based gas
SO as to transfer the patterns of protrusions and
recesses on the Ni mold 31 to the glass substrate 11
as shown 1in 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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protrusi ons and recesses corresponding to the address
signals and servo signals, as shown in FIG 3E. The
HDD substrate is |loaded in a nulti-chanber 5
sputtering apparatus so as to forma soft underl ayer,
an orientation control film a perpendicular magnetic
recording |l ayer of a granular structure forned of a

m xture of CoCrPt and SiOZ,'én&' carbon protective
filmw thout breaking vacuumto manufacture the DIR 10

di h [ I 2, in FIG 3F. A -
Sect 5h BT EE BTRHEHE nid HehdF e gba%esﬁ%gtzesﬁ% of
i th M. T t tal Jlatti t i
1 mELES T RS Potbde oo e TE oG b o tE ciress

di st urbed, compared-\ th f18 JTagnetd e, o %St gird atd ce
a I'ng

15 of tthe nedia film1l on the protrusion (recor

track). |trHes HOssSIdla dpcoat theiddR dredingy Wit mhmpber
| ubricant and to store the DTR nedia coated with the

| ubr ispant heher epassentlsy sof dshedHBRrmlh $dx alrseAQiyer,
the case with the other Exanples and Conparative

Exanplnes rdesdritied icertthre If dlillow rg.pe{rEomjiardiay enagnetic
Exanpl e 1] An HDD substrate is manufactured as in
Exanple€crdingxd@pet vdt 2t I9e aed@timgitr Wity ea Isumesc ot 2
treati%g 25 agent containigg fluorine atons is not

per f BFHEdIS PhefrOC& FDTR e dit&2 s AMghat &CtHodd PASHeFELVe

E;(g s l_igglglwiig[sqlo?l 1 r}eeng[il?lgs l‘x'/%sc’:turuzrint econ %Faen% f%%%\{ler'e /i\:he 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 1l4a 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



of the DTR nedia thus manufactured is observed with a
TEM wth the result that no change is recognized in
the orientation of the magnetic crystal lattice
between the recess and the protrusion. [Exanple 2]
Used in this Exanple is a surface nodi fying | ayer
formed of a thermally deconposaﬁle subst ance and
soluble in a solvent. A polynethyl nethacrylate
(PMR) filmis forned in a thickness of 80 nmon a 10

| ass r having_a dianmeter of 1 inch by spin- |
doati 55 "h ThS BENeT HARD. TP CREF Cired B rpoRBrEES with a
havi i t] 0 ions with a pitch of, 150 |,
o e A LSt A RO 6 Hirefe 228 in
al S0 ey B PR L USh 0N €L IES é‘@i{\h{‘gcf SLhe AdOL eSS

15 signals and servo signals. The nol d 1's prepared

by ellpetweom bean +éddhography: @ado pd@ti digy The NI ol d
is pressed to the PMVA filmso as to transfer the

Spatterns ofEpampleistbns and recesses onto the PMVA
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film After the N  nold is renoved, the recess of the

20 PMA fi¥98d siretieihed Byample obs na | $unfpamtiddifeing layer

surface of the underlying glass substrate is exposed.

Fur t HETSheP et e L raft TR i Iein o Uetewses atre

e s e LA S R A e

Do bl AN S okl AIPied LIS, DT P P o

aqueQus Ol itd an-Afe %éﬂ‘?{m |9 HRGUWP QAN ean'clrll%y 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. 1In this stage, the PMMA film on
the protrusion is left unremoved. 1In the next step,

the substrate is coated by spin-coating with an

aqueous solution of a thermally decomposable
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pol yet hyl ene glycol, followed by renoving the PMVA
filmby a lift-off nmethod using an organic sol vent,
thereby manufacturing a desired HDD substrate. The

HDD substrate is found to have circunferential 5
protrusions with a pitch of 150 nm a top width of 90
nm and a hei ght of 40 nmand to_ have patterns of
protrusions and recesses corFesb%ndTng to the address
signals and servo signals. The HDD substrate is | oaded

[ [ ti.- nber _ 10 spuitering apparatus, so as to

for %pggﬁsxﬁ'ﬁﬁ% |%€yye9<?l'pa$1o]olr?“é?ﬁ i olfﬁ%‘f&r?‘ilbltl'fei’ | FHMA
Ul ar ndi ¢ r etic recordi ng | ayer,

and o e L e T 2 e R s oy i vs_aoauvtﬁ;tr

th f ' RTR g 0SS: on

t h:r %??% medi ﬁﬁé%%ﬁuﬁact ur elzeﬁl ?%ﬁs%%v%%cﬁﬁ'h a he

TEM net b desdilis ddiata the rrdentatd gieofeddie
magnetic crystal lattice on the recess is found to be

di st wrverd;uscigmpaveid iwid hpi ttdrato ©f1 Sthenmyagnetd e waratst alr
|attice on the protrusion. 20 [Conparative Exanple 2]

A HDBOsuigstarat @ itee ireiriufeefct4fr evh and recExenpel @akterns of
except that a filmof the deconposable substance is

not PEATEYSAMES Beh T o8 SR Sredi iy §sp arehivfcadtourtéd asidress

i n Exanpl 2. cross-sectiaon of the DITR thus 25
manufs&%ﬁgd air@_ SESEVEFINEYTa TEM with the result

I env. R PSR Set e P L 20
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.

[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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15 protrusion. [Exanple 3] Used is a surface

nodi fying layer forned of a thernmally deformable
substance and soluble in a 5 solvent. Specifically, a
pol ymet hyl nethacrylate (PMMA) filmis fornmed in a

t hi ckness of 50 nmon a glass substrate having a

di anmeter of 1.8 inches by spin-coating. On the other
hand, prepared is a N nnld"ha%?ng"circunferentia
protrusions with a pitch 10 of 150 nm a top w dth of
50 nmand a height of 20 nm and al so havi ng

pr ot ritisT oS tYiresponding to the address signals and

servo sign sg, protrusions are forned by
el ectron-b a%$T§?§o§¥aphy and plating. The Ni nold is

pressed toyide f@m4\§&£f%é%)ﬁ@dfp%%§g2¥§y§%:f%ﬁgﬁ%l%f a

patterns of protrusi ons and recesses

ont 0 frer iRy fdd MBrrfi ey desNind®! fhd ssoT@smwved, 4 he
recess of the PMVA filmis etched by Ar ion mlling

unt i Isdhesrsur f afyee cf £ 1dwel Lndes o NG rass mewhsd @t £ e

i s exposed. Further, the patterns of 20 protrusions
and retd¥des idme ity aivsfread ech intthtdieresd ass Subsi rat ea
by RIE using a fluorine-based gas. In this stage, the
PMVA $ia5# oiilsie rothassineh 4 diasfate umferipviedindhre s Hey

next st%gj the substrate is coated by spin-coating _
wi t h A (ﬁféagif?gs'ol 1 di S eIs halshmiisPadeibriras 71

ol Y Ay Lol e, o g e DA
nanu&ﬁ?ﬁ!ﬂjQﬁhaEQQ§hf%gcﬁRPof 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 aqueous 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 HDD substrate is found to have
circunferential protrusions with a pitch of 150 nm a
top width of 90 nmand a height of 10 nmand to have
patterns of protrusions and recesses corresponding to
5 the address signals and servo signals. The HDD
substrate is loaded in a nulti-ﬁaanber sputtering
apparatus so as to forma soft derl ayer, an
orientation control film a granul ar perpendicul ar

ti or di I , and a carpon_protective film
10w THGU R ki T JHOLUHE S it oy S T o '
DTR :ggq% ;?gﬂgy r - S. ion. . t
nedia t ushéé manu aaglt reodtﬁlssclo s%r@l:% V\%t lOéIChTE?eVIF qvé%t R @
the d@sultadhals tde of ian af i e tde Manetdy to nave

crystal lattice on the recess is found to be

di st wdiek rrld ebmasetisids tdad @fcdhedmgetddonding to
crystal lattice on the protrusion. Also, the HDD
substitat eddrdsoadedrial sa and tderwhanteralsput t eri ng
apparatus so as to forma soft underlayer, an

ori ent ati chedmP giulisti rateanics al e aiulamulti-chamber
per pendi cul ar magnetic recordin%¥la er. Then, the HDD
SubstTPAE G SRR R TUP it &S Yolfiomed I9f tdryideylaver,

t he substr.at nd, then, fornng a carbo rotective

fil mh %rf%éarg%Lﬂ?tﬁorrhtce?n e ﬁ}ﬁm&%}%ﬁﬁe&wlcular
nmedi ; r 5 tio f th TR, . .
medi gnaflj(’h@%%%ue%?cﬁdulr% d lloa?éor_lziséar\?g dv%vlrt ?7a p%f_%lecvﬁjtvﬁ film
the raswdutt hate 26, 'Vé%ﬂdﬂﬂ(Hﬁéyeb§iﬁéﬂ3¥¥8¥dfing a DTR

crystal lattice on the recess is found to
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.

Alsoc, 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 water, 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, conpared with that of the nagnetic
crystal lattice on the protrusion. [Exanple 4] Used is
a surface nodifying layer fornmed of a 5 thermally
def or mabl e substance and soluble in a solvent.
Specifically, a polyvinyl alcohol (PVA) film is
formed in a thickness of 120 nmon a glass substrate
having a diameter of 1.8 incﬁeslﬁy Spin- coating. On
the other hand, prepared is a Ni nold 10 having

circynferential protrusions wwth a pitch of 150 nm  a
tlop \L/%i’edt ngfur%e%m%q{%padr i ghth o‘?h%{) P iR MagRRtic
havi S);gtogdf ulsaitqtniscecocgr{ ets}peondi n %o. t he address

an

si gna servo signals. These prottusions are
formed by ghectson-pegamlithography and plating. The
15 N nold is pressed to the PVAfilmso as to

transfer uded pod terisr cPriddus) ong Bk F eEESRES OF a
the Ni nold onto the PVA film After the Ni nold is

r emovends rmatlHey roecfessnafld hanRAtAdfdd s eiahed bhn Ar

ion mlling wuntil the surface of the underlying glass
substcdtverits 2 reqidsieth ] IKur tshergl swhienylata leratso lof (PVA) film
protrusi ons and recesses are transferred into the

gl ass Ssdisiest e by TRIE KSRy *f flafbrimebasad ags. | n

this stage, .th PVA filmon the protrusion is |eft
unr eﬁﬁ’f?e%.raltﬁ Igedt BEFEtahe S dod ridi@d9s Rebarsd -

B SELISIRL NS ULt Sne SN o 21 e

fo"%@%Qngycﬁ%%%%k%& %Q% lpﬁﬁ&yﬂdgfﬁﬁgiJféﬁ'éﬁgitch of

nmet hod usi'ng water, f%eréby
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. 1In 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 methacrylate, 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 circunferential protrusions
with a pitch of 150 nm a top width of 95 nmand a

hei ght of 60 nmand to have patterns of protrusions 5
and recesses corresponding to the address signals and
servo signals. The HDD substrate is |loaded in a

mul ti-chanber sputtering apparatus so as to forma
soft underlayer, an orientation control film a

| | di | a
oo %%%gitoﬁpgﬁgggﬁ i ellﬁﬁ%e&? O B ki T8 iR
f:?ggs section o é”% BI é% %f@d%%éﬁtanuef%cjt@)r eoarcftsrusmnq
obseryath W tdy @nlEM W d byt he t'_ré?p?‘l’énl fadhals the arhd a

orientation of the magnetic crystal 15 |attice ont

recesgeiight @k d anberti ddimked pLomarLd Mt dNalions
of the magnetic crystal lattice on the protrusion.

Al so,anche BB ssubstaratesicgidioade ithea aidridss chaears and
sputtering apparatus so as to forma soft 20

underSe&yér sigmadrsi-entati on control film and a

granul ar Rer endi cul ar magnetic recording | ayer.

Then, t he HiD "HbbstHateats velsHerdid Hrt o mréﬂé:l chamber

follome b the substrate and, then, formn
car b&h ng%é ég?lﬁmuﬁnsfhé s (15's & 2 FﬁgFey¢42§layer,

nanu%@pgﬁr Qa% éRég%yr 1(Exanpl e gr%nué&rlgeggggp&gﬁlar

section o medi a thus Hmandf &ECUr

Wﬁthm@gEEMlde%%oEﬁgn@e§%b%rﬁh%%dt%ec%r%%%t%Eb%%cglve 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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19 the magnetic crystal lattice on the recess is
found to be disturbed, conpared with that of the
magnetic crystal lattice on the protrusion. [Exanple
5] 5 Used is a surface nodifying layer forned of a
thermal | y deconposabl e substance and soluble in a
solvent. Specifically, a poI_ywﬁ%1 al cohol (PVA) film
is formed in a thickness of 90 on a gl ass substrate
having a dianeter of 1.8 inches by spin-coating. On 10

h h h | d . havi n
o ?cu:?fe::ergtandtl DGR o Jﬁqe ?%.R%Vrlﬁcg%o finfegnd to

haV|ng protru5|ons co respon | e addr &5

si gnalryysard serua & @l B}%%%LPJQMUS' ons are 15
forneégby el ect ron- bean1|f}hographj'and pl ati ng. The

Ni ol d is[Eyesgsied 310 the PVA filmso as to transfer

the patterns of protrusions and recesses of the Ni

nol d ont o Usesd PVA & iduntaAfa erodiney idig mmly:én' Saremmved a

the recess of the PVAfilmis etched by Ar ion mlling

20 uritiermeRd vs gefcaie osk btlise suvddrinpengngl sod udllestimatee

is exposed. Further, the patterns of protrusions and
rece§§é§e§Fe t§§ﬁ§ﬂéﬂﬁ@& int & Pﬁéygﬂé§§ §G§§@pdtﬁﬂ&% film
Rl E usi uorin this stage t

PVA %ll%ggﬁ Fhé pFo%h&§%8ﬁslsOFe@3 Ay ERpFedlass PH@Strate

o0 hREiBEeR, LORIURSLIEAYE o § e IR B RaLN
hyl "acetateé solutlon 0 Her

def oeRebbenRre! vahket baaskhylkens gl )ﬁ&oknbldf %'aqu\fl@d by
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. 1In 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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- 20 renoving the PVAfilmby a lift-off nethod using
wat er, thereby manufacturing a desired HDD substrate.
The HDD substrate is found to have circunferentia
protrusions with a pitch of 100 nm a top width of 5
55 nm and a height of 25 nmand to have patterns of
protrusions and recesses corresponding to the address

signal s and servo signals. The substrate is | oaded
in a nmulti-chanber sputtering apparatus so as to form

a So&%n&ﬂgﬁ{ %¥Fr?VAM%fT%(ag;%Tﬁ%ﬁﬁgéﬁ%ﬂg%éﬂ&éEdégﬂﬁi

granul ar pérpendi cul ar magn

carb t j [ i t.h reaki v

b Sy S A o rone.
Cr OSTHELEIOR Wfstlhe DIR medind thys Jnufaciad S 41
observed with a TEM with the 15 result that the

or i eptrattirers iohst he umgnetitecrofstialo rhat td ce R itdie of
recess is found to be disturbed, conpared with that

of tRe muagmerd @ dreysthdal dfattsi oe emd tthe hpivet agiterns of
Al'so, the HDD substrate is loaded in a nulti- 20
chanBEPtEPFLOES 3G afFacatss sorasstenddng aosdfte address
underl ayer, an orientation control film and a

gr anGr-gregér FERUISEEIVEr SHEgRetIC recorﬂinghlﬁyer.

Then, the HDD bstrate i s washed with ethyl acetate,

fol | owed g?hed rbnggwgr&}ﬁsﬁsagé’a&‘? , ltrhén,muflﬁ‘rllﬁcijga“g’er
25 ¢ .ot ecti ilLm.on_the suybstrate, there

nmanu gg?ﬁ??ﬁg%agéké%ﬁggfaS%E?én%ﬁe%§§TLaAnggsgpdé%layer’

sect kancef ehkRe tPER @%QE§oﬁh%§lﬁ9ngf@Q%%ﬁqgri%egg%%%&%%lar
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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21 wth a TEM wth the result that the orientation
of the magnetic crystal lattice on the recess is
found to be disturbed, conpared with that of the
magnetic crystal lattice on the protrusion. 5
[Exanple 6] In this Exanple, the surface roughness on
the surface of the recess is nade snaller than that
on the surface of the projébti%ﬁL Specifically, a

gl ass substrate having a di amater of 1.8 inches is

polished 10 with fine partic as to form
rougl‘i’ﬁég%aw TR Ry Tgf © glemﬁesﬁﬁ nt 15? Wﬂ@ﬁ]é’-a(tli% of
filmis forne I substrat in a thickn

of 168enﬁP§y %ﬁchpréggfgn at Shé oﬁhgrrecﬁﬁs 15" %%nd to

prEp%reﬁls%u%b®d'nydﬁﬁﬁ$%%;%%§ g@g@f%&EQ%_ 89 n63§§

protrusions wWith'a nm a w dt

nm apd & the q%tttqfcefi%nnmh%n@ro%lr%l%w ng protrusions
corresponding to the address signals and servo

si gnal s. Timwsenglreotalusi ons are fornmed by

el ectron-beam |ithography and plating. The N nold is

pressed t dnt héiRStEanpheso tdse tsoirtfreanes freu 2 etstse on the

patterns of protrusions and recesses onto the PSt

f| | mSUAEEEE e thie FSIC@SSs ireaded smeRd ereddsd Ghafthen the
filmis etched by Ar ign mlling until _the surface

PSt
ofﬁyﬁﬁﬂﬁw%%@%%Wm@W@&ﬁ%%@Wﬁﬁ

th t d
Ly anSPEFrea Enra R G S0 Re: Pat & By JAESs RgPgLished
1 Gor.ae hased gas. A a e3ul Lo Lo, QuaARSS Ra00 py of

the Surface of © he recess of t he glass su
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 1is
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22 lowered to 0.5 nm In the next step, the PSt | ayer
is renoved with an oxygen asher so as to obtain a
desired HDD substrate. The HDD substrate is found to
include circunferential protrusions with a pitch of
150 nm a 5 top width of 90 nm and a hei ght of 45 nm
and is also found to include an irregularity
corresponding to the address si4gnals and servo
signals. The HDD substrate is |oaded in a

mul ti -chanber sputtering apparatus so as to forma ,
sof t lgig&erayér 0- S10Man dMi éRatiedy S&FProlthE ERt daver is

granul ar perpendi cul ar magnetic recording | ayer, and .

O DORGPBEePtie o SRt RGUE hegaring & Sk & desired
t her manufacturing,a ia.. . A Gross- i 0

t he %% A rta‘r;%ﬁs: %}glr?u :Q:Bt E#qg’% t%éatgbg‘és’r \%Z’él%\?&c 1 ;—‘m‘*ﬁude

TENch&Eﬂm%%?eﬁ?ﬁ%ht &%t&%%&oh%erEhe%t%Hw@E‘Hftﬂgb nm, a

magneti c crysta attice on the recess’is found to be

di st yebed e@Mmear ed Wit Rndt Rahealyhithe fmaghehd are vt allso
|attice on the protrusion. [Exanple 7] 20 In this
Exanmgbandt he dhystale an entraiguam ran vt ke r resdoacs maf to the
the recess is disturbed, conpared with that on the

sur f acdldref st Isé gpedtsr asidose rSpecitfonedlsl.y, a pol ynet hyl

met hacrylate (PVMA) filmis fornmed in a thickness of

80 nm on &hSi HHADs ¢ uhisisErtat € shawdaskpch 125 adimanetisrchember
inch by spin-coating. On the other _ hand, prepared is

a Ni SRUIEESRAVIn §PEOREElSeréntiSalt © EP&FY@S@%@?\MWQ??%aYer'

pltcgno%r%%%tgqho% E%%Q@Jyr}fyh, 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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23 35 nmand a height of 30 nmand al so havi ng
protrusions corresponding to the address signals and
servo signals. These protrusions are formed by

el ectron-beam | ithography and plating. The Ni nold is
5 pressed to the PMVA filmso as to transfer the
patterns of protrusions and Ieﬁf§ses of the Ni nold
onto the PMVA film After the mol d is renoved, the
recess of the PMVA filmis etched by neans of the Ar

[ id i t. | ectively the surface of
o S it Aih e e B B R Gy Zar;éoe?ﬂhvre&s ne
; ' in the Si_disc
P be S g R (LU AL B (UG 1ot and
Pr ot rdeshRN digydafd, unnemyved..d.n, 4ihg nexte ?cﬁ‘?ﬂe& I'E%S

PWA filmis Tenoved by using an organi c solvent,

t her ey gttf-aedad 1 1Ng: b gesinye fdDR 1s4std at eheANL mold is
cross-section of the HDD substrate is observed with

TEM pwietds echec or esid tPMMAate itlive sty st alo ardaendtfatd atheon

the surface of the Si crystal on the recess is found

t o h&@étsedrs difs iaied shypnshend rradiestsicon ofi tthhet e Arold

20 ions, conpared with the crystal orientation on the

sur f QE&of-NEnd™M™A driyldt-al A Stthé hsr Oty trsilsh isTiremaped, the
substrate is nd have ci,rcunferential protrusions

ot h R ot M6 M o WA eCr B0 MR (e (R Az
hei g of .15 . d _.to. have patterns of protrusians

25 aﬁgnrgnclégsle? %%r FEspondihg to Steheecg&ggeel s WigRyrdace of

and S%eHM%cS%%@%E§at£hefH@@o%%Qﬁ&ﬁa%%a%%fEQQq%% e 2

mul ti - chanber
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 is 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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24 sputtering apparatus so as to forma soft

underl ayer, an orientation control film a granular
per pendi cul ar magnetic recording |layer, and a carbon
protective film w thout breaking vacuum thereby
manufacturing a DTR 5 nedia. A cross-section of the
DIR nedia thus manufactured is gbserved with a TEM
with the result that the or7ent tion of the magnetic
crystal lattice on the recess is found to be

di st ..conpared wth that of the magnetjc crystal

| att |Lér zlecgcneﬁlhnggof@pparroé{tﬁfsiso 98 By &’8]5‘1%C tHiderlayer,
Exa : - ce-.of the cess i s a ;
Sur]{r%lcng onrg. i ya?{]}LgérFSCyoz’yJ cgir ﬁf‘el mdf Ilia grl;aS’buS aé:n L aepnacb ceular

of 1 eRGHHH MAdE A JTBENaL & TBLET 3&| c"agﬁtggﬂ a%(t%@&)%den £1lm

a solvent. Specifically, a polyvin PVA

fil muiisHooromed dakidd RiGKNRSS e QY MBN R A Siind &2 pTR
substrate having a dianmeter of 1.8 inches by

Spi negiE.ng A Qrdsie seideorhatd,ther Eua ekdis atNs

nmol d having circunferential protrusions with a pitch

20 offaTsd aeRurgc ¢ witderveld 50 thmeaf@Ma heitghtthef rEsult
nm and al so having protrusions corresponding to the
addr é§8 tsitgfalcs 18nd addiVo ofi §h& Sadnieéde y§rfdt5|rt@§4 dradtice
are forned by el ectron-beam.|ithography and pl ati ng. ,
The R fofd I)iégeﬁ‘lse§§e§ PE% k€ A%ﬂis|tfﬁr§8das Ctoalpz‘@efd with
tran e.patter f. protrusions _and recesses o

t he %%%EDFE gﬁt%o‘int% SR PEVRESA Car Tohe R word i S
remyed: rRenecess of the PVA filmis etched by Ar

[Example 8]

In this Example, used on the surface of the
recess is a surface modifying layer formed of a
substance capable of reacting with a magnetic material
and soluble in a solvent. Specifically, a polyvinyl
alcohol (PVA) film is formed in a thickness of 100 nm
on a 351/5i0p 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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25 ion mlling until the surface of the underlying

gl ass substrate is exposed. Further, the patterns of
protrusions and recesses are transferred into the

gl ass substrate by RIE using a fluorine-based gas. In
5 this stage, the PVA filmon the protrusion is |eft
unrenoved. In the next step, thf substrate is coated
by spin-coating with a toluene solutlon of pol yvi nyl
chl oride having chlorine atons that perform a reaction

To puTE TRdSH GRSl ol °3§?fn3c’me;$uer}d“e{ﬁ%d%% glass
rranufsqﬁsttwa% %sdeewo%%d*DD Eﬁﬂbc%%errat etheTgfaéwns

substrate is found to have circunferenti protru3|ons

Wt h g it ofs 501 Mceds P aMedt 0fs A5 ak & the

hei ght of 10 nm and to have patterns of protrusions 15

and rEcess eseortasPandiRTE tues itdhe aaddress rei-gnaléd agk.  In
servo signals. The HDD substrate is |oaded in a

mul t ithalrarierge s putet eVAnd idppamattus: so-cdsrt=oidrorim aleft
soft underlayer, an orientation control film a

gr andNderesiSsendiliultde ZGxraghed ¢ thec srdistgdtaydrs coated

and carbon rotective film w thout breaking vacuum

t her éﬁufﬂhﬁ%iqDﬂQtQ%ﬂﬁﬁf %&%ﬂﬁiﬁ?:ﬂﬁnHQﬁV%ﬁnyl

i T

magneki gcgga,s%%' neact A 6829190 “f%lfl%%%%s mf’ ABHA AP the

crystdln lratitd ¢8 %nlh&% O MHRN 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 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 1s 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 [Exanple 9] In this Exanple, a surface nodifying
| ayer formed on the surface of the recess is forned
of a substance that can diffuse into a nagnetic
material. 5 Specifically, a polyvinyl alcohol (PVA)
filmis formed in a thickness of 100 nmon a gl ass
substrate having a dianeter_of &.S_inches by

spi n-coating. On the other haﬁ%, prepared is a N

nol d having circunferential protrusions with ahpit?h 0
of 150 nm t width of 10 50 nmand a height of 5
nm and alsg%ﬁgﬁgﬁﬁ éjlprotrusionS corresponding to the

addr ess si - 0 Si e- prot rusi ons :
are for nedﬂg?ﬁleﬁa;%ar%%’ea% It %cger ap @l%ﬁlﬁil%ﬁeng.formeq
The Nn i dus raressed o A VA §iddpmsy sk t0 substance

transfer the patterns 15 of protrusions and recesses

of thevaN aml diigmesd het PVA rfddrist iAf ercdhien NN nol d

is renoved, the recess of the PVAfilmis etched by

Ar i erpearifliigeg lunt id pdieyviswlf adeadfolt heewdetily ng formed
gl ass substrate is exposed. Further, the patterns of

pr ot A idons iEHd assc efs dd Garer 20 tar arisfser e stmed o havirg a

| ass,.substrate RIE using a fluorine-based gas. In
thi s HeggEen ke gi///? finahasm it F& 15 Gtasinen ih§>n| éfe other
. 1n the next step, filmof Cut can ,
i s il e e VA
SpUtb%%%Q%B'%%E|QHﬁQ1%y Gﬁﬂ?ykﬂg]Eﬂﬁ§§¥Aa2§f%%Mqﬁg% of

means of lift-off wt ter, thereb manufacturing a

desi r@d nDRNSURS Healg: EEGBWDQm.%%Qﬁ%ﬁ%%eh%%i%%und to

have circunferential” protrusions
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. 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 5 with a pitch of 150 nm a top width of 90 nm and
a height of 40 nmand to have patterns of protrusions
and recesses corresponding to the address signals and
servo signals. The HDD substrate is |oaded in a

mul ti -chanber sputtering apparatus so as to forma
soft underlayer, an orientatio 7cogtrol film a
magneti c recording |ayer, and carbon protective
filmw thout breaking vacuum thereby manufacturing a

DTR . Acr S 0] ction of the DIR nedia thus
rmnufagcture |sc}b %J\,&g%vﬁﬁp%wﬁ}f h\@trP{Han and a

resulde that dheerieniali Oun%v? BJ]etbtneazg'lu net I %311:8}351 ons

| attice on the recess |s sturbpe

t t Y. t a an
fggpﬁrggrﬂfsﬁ%ngé%fxdgn%élge}%m] g%e £ tk% asa&legsa §igcne £ .

Cross<sect isdngalald .ew showi ng an HDD subst rate

according to anot her enbodi nent of the present

i nvent i on.Ths Kbwubat tdtes dravildied 50fd munderday@ser
22 is formed on a glass substrate 21, and 20 an

or i eFPAtNtET ieentarsiafatun 23 mede coff Ruh jas fadftmechdsrlayer,
the soft underlayer 22. G rcunferential protrusions
corr@%@ﬁdleﬁ]éatt&ot“h§%cr&r]dlfﬁgmt'r &c K oy dfco et sl ng

t he grlentatlon control film23. The regions free

from£H& “or P&t &t i (?ﬁb&?ntplr&teﬁtl%%élflﬁ} MR P rsta king

S?ocb %ﬂﬁ%ﬁr%%%&%%yr%&%%%%ct%%ﬁ%%§%p%gﬁn%é%%ath 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 i1s 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



10

15

20

25

between the recording tracks. FIG 5 is a _
cross-sectional view showing a 28 magnetic recording
medi a (DTR nedia) according to an enbodi ment of the
present invention. As shown in the draw ng, the soft
underlayer 22 is fornmed on the glass substrate 21,
and the orientation control film23 nade 5 of Pd is
formed on the soft underlayer 22°in a manner to form
protrusions. Further, perpendiculardnagnfhlc e

ers 2 re formed on e en
;3??&‘2‘% ?re Ceorre ﬁTﬁfglraal esa%cordl”g to an

per p%&iﬁn@nﬂwe&ﬂ reﬁcsoé’r‘g%nlgnvl &l for gﬁpwn in the

10 orientation contr e Prot

(recardivigd,’ ades)sodth U F188) NS, tihe m qch Jdje glass

orientation is good. Also, the reference nunera
denotse st reperepeidi el He@etd it 4186 UM JAYS i 1m 23 made
formed on the recesses (grooves). In the regions, the

15 negnédtd d sorficemteat icon tike dicstturberbr ITBR@&r 22 in a manner
manuf acturi ng nmet hod of the HDD substrate shown in

FI G ™ dRd™ e abTR sisdisa s owrt hiar , Flp@rcenaiildul e magnetic
described wth reference to FIGS. 6A, 6B, 6C, 6D, ©6E

and BECOFARe LpivesEs <Oép, 28bylrass foupetr are t2e F@tlre
havi iLameter of 0.85 inch is |l oaded in mul ti -
chan%gf§§%utte?ﬁngr§6§§F§F§5n§@eﬁ§lt35@0Pﬁpét§§f@

trol film 23 made
sndcpkayet 22,263 an 0L SLoncon col L 22 e .,

0 as shown

pol yeetiByk siebhactkkabe &waﬁb3fbhﬂk%é botorandan 25

the orientation control by spin-coating’in a
(recording tracks). In 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. 1In the first step, a glass substrate 21
having a diameter of 0.85 inch is loaded in a 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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t hi ckness of 80 nm as shown in FIG 6B. On the other
hand, prepared is a N nold 31 having circunferentia
- 29 protrusions with a pitch of 100 nm a top width
of 35 nmand a height of 30 nm al so having
protrusions corresponding to the address signals and
servo signals. These protrusions are fornmed by

el ectron- 5 bean1|ithography'aﬁﬁaprating. The Ni nold
31 is pressed to the PMWA film24 so as to transfer

t he ppattterns ofépr trusLoniéand recesses of the Ni
mol d P3P FORESTERE PIMR AT AT d90s RSN & R @idsd of

Afte@StEﬁlaNh gDT%i%%ti%fr%ﬁpgggFggﬁé %&H%@ﬁ&rotrusions

protrusions an recesses a

ori epbatiean ¢entLOok S i/ A 1 LLing. At
this st ggeegot he M\/lg 54 fi%ll%r%%sAlrselfg?lgl}n@r gr?gvegrgr? t he

prot&ﬂ%b@ﬂs.|DThB%en%&bt§b%ﬁonstQQePWM@m%El%&i%lectron—
renmoved by using an organic solvent so as to formthe

HDD bebst lateogheawhyi anBl Gla4 iag.15Tskowa e 16l G1 6E.

The HDD substrate thus fornmed included

ci r cRiEEpent ital tpeofMdi dndmwicéhsa pist th ofant@@rnmhea

top width of 55 nmand a height of 15 nmand also

i ncl Ba&depact efneret rgedengsprofs rangssesesseshe Ni mold 31

corresponding _to the_ address signals and servo 20

sign%PEP gh% Ekﬁﬁsgbéﬁrgﬁe P FgﬁdélenFéG- 6C. After the

it chafhen SRULLECLNY appRcalus s grolo.forme.

br ea ne sasuuhs o6 an 35°To BEt AFACh BrR et arag! Film 23

showsyi ArFl&n AF11ME§I0SEe 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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section of the DIR nedia thus obtained is observed
with a TEM with the result that the orientation of 30
the perpendicul ar magnetic crystals in the

per pendi cul ar magnetic recording |layer 25b on the
recess is found to be disturbed, conpared with that of
t he perpendi cul ar nmagnetic c[ysggls_ln the 5

per pendi cul ar magnetic recording | ayer 25a on the
protrusion FIG 7 is a perspective view show ng a

ding t
oo e R A e S b 4 S Shakhe i 1 the
aratu ri ses
Sri‘ﬁ“ass.séf{s%l&pﬂg“%ﬂf R P PR B TR A
magnetddes s ecording redi (R Jyedidip) c,Jan dﬂdc:he hat of

motor 51 for rotating the DIR nedia 10,

55, daHeegersusiiensiaon rasserily st%%pqrnt It% the

head slider 55 15 (i.e., conblnatlon of a suspension

54 am¢r@eradtaudor magmmtil) rexroreiice QRive MTOtRr VEWe

56 and a circuit board. The DIR nedia 10 i s nounted

to t REOSEUSdIc8 - nmotor 51 so as to be rotated by the

spi ndl e or 51, with the result that various

digital dat& -are ireCoPSedroFtive e eBTR eeding EOmabetic

ted the head slider 55 is a
o CarIea  ACe P BRed Ppa Prciad: 11§ 4 sEAGPiBeRE Of the

headpaadca: AR ehersnt - Xgeshéggpens gﬁegﬁgggngﬁlggp

one end of the actuator arm and

55 | magHRROE! edcByqthg gépé?é@ﬁgsbgﬂpééseg q mnnet ey,

face the recording
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 353), a volce coil motor (VCM) 56 and a circuit
board. The DTR media 10 is mounted to the spindle
motor 31 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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surface of the DTR nmedia 10. The actuator arm53 is
mounted to a pivot 52. The voice coil notor (VCM 56

31

is nounted as an actuator at the other end of the

actuator arm 53. The head suspension assenbly is
actuated by the voice coil notor (VCM 56 so as to
permt the magnetic head to be positioned over 5
arbitrary radial position of t DIR nedi a 10. The
circuit board conprises a head 1C so as to generate

i vi.ng signals f he voi il_notor (VOM and
cont i TBRENAE S0 A G G b G ANEE  pOrt Grfmsde

by 1 Besmanet ehead. 14.The ATR media manytactyned i

each of the Exanples an

e Conp

descriched taBoys the 6RaLed Wihh ddubrieant shaving.a,
fluorinated al kyl group so as to manufacture the
magneeirnite cordmagneappahatys t8hewn poR 1kl Gned. kBt he
DTR nedi a having 15 circunferential protrusions with a
pi t chréftregynmadinhepaisdthoof offheheeadrmagaeti ¢0. The
sensor is set at 55 nm and the width of the single

pol eChégifsbsardacorprases Bnhehd DTRsmedsathaykngrate
circynferential protrusions forned at a pitch of 150

nm

heVwidt RLeRatRefPEadngovragretpe Lsmasor i(¥CHet and

wdth of th l ole head is set at
100 R TRY BYRCbali &7 s CPoTaL BU°L *8oF0r &t FRgospEeaned
of SbQOthﬁHé@g?tigegg%gwite is performed using a head

slider wt

'ying height of 10 nm Table 1 shows

the SNR ofhtheTR2BcQUEPHENSFIRR1Sed 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. 1In 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



In Exanple 1, the SNRis found to be 15 dB, whereas
the SNR for Conparative Exanple 1 is found to 32 be
only 12 dB. Simlarly, the SNR for Exanple 2 is found
to be 18 dB, whereas the SNR for Conparative Exanple
2 is found to be only 14 dB. The experinental data
support that the SNR is | owered by the magnetic 5
signals fromthe recesses in théConparative Exanpl es.
However, it is p055|ble to overcone the difficulty in
i nvention. Table 1 SNR

th e resent
(dg) %%es : rrpIo %%W@fantpﬁ% B afpragase 2 is

Exanp B F M S s @%%%3“7 Tk e?ffé%aasr.astive

I | ‘
Exarml e%ﬁ@@'ﬂ@ &lhihP Xl G812 RAMIEILE o rimental

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 15.5
Example 6 19
Example 7 14.5
Example 8 14.5
Example 9 16
Example 10 15.5
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- 33 WAT IS CLAIMED IS: 1. A substrate for a
magneti c recordi ng nedia, conprising: circunferenti al
protrusions corresponding to 5 recording tracks and
circunferential recesses corresponding to grooves
between the recording tracks; the substrate satisfying
at |l east one of conditions (a) to (f) given bel ow

(a) a surface of the recess hass3a surface energy 10
smaller than that of a surface of the protrusion; (b)
the surface of the recess is nodified with a

thermal | y deconposabl eWé2Tt her peRI¥ERBeE St mabl e

subst ance;, (c) th% surface of the recess has surface
15 roughnéss SnaPPEEIEhEn IoRaf FRINKE ISurrscs d6n% Redia,
protrgﬁbggé.g ). crystal orientation is nore disturbed
on the fa

sur e of the recess than on the surface of

t he prOt%H%E%ﬁfe%ganklt%%o%%ﬁ%%%%SOEOEQ%skﬁ%%E%gi%oa
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wth a deformable substance. 2. The substrate

accordi ngthe shbbistritewheréisfiying 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) 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
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

substance.

2. The substrate according to claim 1, wherein



34 the surface of the recess is nodified with a
substance containing fluorine. 3. The substrate
according to claim2, wherein the substance
containing fluorine is 5 fluoroal kyl silane. 4. The
substrate according to claim11, wherein the thermally
deconposable material is selected from the group
consi sting of polyethyl ene gTyd%? and poly
(tetramet hyl ene glycol). 10 5. The substrate according
toclaim1, wherein the thermally deformable materi al
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5. The substrate according to claim 1, wherein
the thermally deformable material is selected from the
group consisting of polyvinyl alcohol and polyisobutyl
methacrylate.

6. The substrate according to claim 1, wherein
the substance that causes reaction with a magnetic
material is polyvinyl chloride.

7. The substrate according to claim 1, wherein
the substance that diffuses into the magnetic material
is Cu.

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

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

10. A magnetic recording media, comprising:

the substrate for a magnetic recording media

according to claim 1; and



35 a granular magnetic |layer fornmed on the substrate
for the magnetic recording nedia, the orientation of
the magnetic crystal lattice of the nagnetic |ayer on
the recess being nore 5 disturbed than that of the
magnetic | ayer on the protrusion. 11. A magnetic
recordi ng apparatus, conprising: the magnetic
recordi ng nmedia according to clsat m710; and a nagnetic
head. '

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.

11. A magnetic recording apparatus, comprising:
the magnetic recording media according to claim 10;

and a magnetic head.



