- 1 TITLE OF THE | NVENTI ON *(j 00002* METHOD AND
APPARATUS FOR MANUFACTURI NG PATTERNED MEDI A
BACKGROUND OF THE | NVENTI ON One enbodi nent of the
present invention relates 5 to a nethod and apparaﬂwmmu
for manufacturing a patterned nedi
particularly to a nethod and ap aratus for
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recording media. Methods for manufacturing a
patterned media are roughly classified into two types:
a method in which a magnetic layer deposited on a

15 substrate using a conventional method is etched by
reactive ion etchirg (RIE), ion milling and the like;
and a method in which a substrate is etched in advance
and then a magnetic layer is deposited on the
substrate using a conventional method. In any of

20 these methods, dust or local mechanical degradation of
a recording media becomes a problem because of the
additional patterning process of the magnetic layer.

In particular, this problem is serious in the

inner peripheral portion of a disk media. When a

25 resist is spin-coated on the disk for patterning, the
resist is likely to flow over the inner peripheral

portion of the disk. 1In addition, the concentration



of an electric field at the inner peripheral portion

of the disk in RIRE or ion mlling process causes non-

uni formor etching dust. Thus, the inner peripheral
portion of a disk substrate is a |ocation where the 5
above problemis likely to occur. This location is

hard to be cleaned. I n spin-washing process, where a
washing liquid is sprayed on Thezsanning substrat e,
sufficient cleaning effect is hardly obtained because

a Iine%r velqcit¥_is lLow at the inner peripheral 10 ,
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i n prhacidpte. b&dhetetoed, theseppnobkehtngrprepeesfi ehere a
20 to a disk substrate. The sem conductor process has
a |ongshisgotyguafddia garhEey oh tBehAPguesnpavebbEsAte,
devel oped, However, such technical know edge is not
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so-called dry process such as plasma irradiation,
complete cleaning cannot be achieved because of non-

15 uniformity in electric field as described above. In a

semiconductor process, since typical substrate is a
flat plate without a center hole, above mentioned
problems at the inner peripheral portion do not occur
in principle. Therefore, these problems are specific

20 to a disk substrate. The semiconductor process has a

long history, and a variety of techniques have been
developed. However, such technical knowledge is not
so helpful to the problems due to the center hole.
Jpn. Pat. Appln. KOKAI Publication No. 2004-799%2
25 discloses a semiconductor manufacturing process in

which contaminating particles are removed by a

cryogenic cleaning process using COp after chemical



under a pressure of 850 psi (5.8 MPa) at 25C. Since 5
the liquid CO2 is sprayed into an atnospheric
pressure, it is rapidly expanded and cool ed down.
This results in the mxture of gas, liquid and solid
002. The flow of the gaseous and solid 002 is
directed to the wafer surface using the nozzle. 10
Cryogenic particles that reach the wafer surface at a
hi gh speed and collide with contam nating particles

can overcone adhesion of the contam nating particles
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5redeperkt edquiat evhaks kpraysenigepdust 9EmpPEPEEESC
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is generally called Eco-Snow, is used in the
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apparatus for the magnetic recording nmedia is not
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| ayer having protrusions and
can overcome adhesion of the contaminating particles
to the wafer surface through transfer of momentum, and
can remove the contaminating particles directly.

15 However, the technique disclosed in Jpn. Pat. Appln.
KOKAI Publication No. 2004-79992 does not consider the
above problems due to the center hole of a magnetic
recording media.

US Patent No. 5,853,962 discloses a method and

20 apparatus for removing photoresist and redeposited
materials in a semiconductor process using liquid
carbon dioxide snow. However, the apparatus disclosed
in US Patent No. 5,853,962, which is generally called
Eco-Snow, 1is used in the semiconductor manufacturing

25 process, and use of the apparatus for the magnetic
recording media is not considered in the patent.

Therefore, the problems due to the center hole cannot



recesses corresponding to tracks, servo zones or data
zones on a substrate having a center hole; and
sprayi ng gas flow produced by diffusing a liquid gas
10 toward the center hole of the substrate before or
after formng the patterns of the magnetic |ayer.

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
The acconpanyi ng draw ngs, which®are incorporated in
and constitute a part of the specification, is
illustrate_enbodi nents of the invention, and together
with Fﬁes@éﬁ@?awlaésEP?pPPBﬁr@FV§n above and t he
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manuf actured 1'n ac ance W

presenhveAveRhi oeheEbGBthcév@dehae Meewoahew-ng an
exanpl e of a patterned nmedia to be manufactured in

5accordancg€avttihing sephedephetihfepi@sedbmpRYeNhONroZ2bing
FIG 3 is a plan view showi ng anot her exanple of a
patt epatdenedi aft 8 hegnahiutattyeedhbeniagcprdanceionst And
a method of the present invention; FIG 4 is a
secti bpaksyfewcshoarngneipat ter hedckaedsarmanabaesupeddata
in accordance with a nethod of substrate etching type
accorﬂ?ﬂ@stﬁnaﬁ éRQﬁEFétﬁfh?ﬁéngpﬁe§§ﬁFan0@ﬁ?voﬁndS

FI G IS a sectio vi ew sho tterned _nedi
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10ROt LGl AYERoctEHLp HAPE BECOLLURLLP: 300! ekore o
flowchatt r SRQWn NG eXREPHAEYePhQCEESCRe magnetic layer.
BRIEF DESCRIPTION COF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,

15 illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a schematic view showing a patterned

20 media manufactured in accordance with a method of the
present invention;

FIG. 2 is a plan view showing an example of a
patterned media to be manufactured in accordance with
a method of the present invention;

25 FIG. 3 is a plan view showing another example of

a patterned media to be manufactured in accordance

with a method of the present invention;
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10 for manufacturing a patterned nedia using a nethod
of substrate etching type according to the present
invention; FIG 7 is a flowhart showi ng exenpl ary
processes for manufacturing a patterned nedia using a
met hod of 15 magnetic |ayer etching type according to
the present invention; FIG 8 is a sectional view
showi ng an i nner peri pheral bor?idﬁ of a disk
substrate used in a nmanufacturing nmethod according to

the present _20 inyention; and FIG, 9 is a,schematic
vi ew showi hgCa Fi 4Gi 8 §SSt1SprayvappariPindceoPathgrned
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of the.pLesspl LOXRALLOPy oW LECBEAARSCLLDE BELAM o of the
FI G I'S a perspective vPew sEhefm caPIy show ng a

patt eppedeedi avePpibhe surface of the magnetic
recording nmedia (patterned nedia) 11, there exists: a

servo zoneriB8.usedsf ar steackhag @hedabaowadBgesSpatterned

control which includes burst signals, an 5 address, a

preanbédiandathéattkeedand acdatrdazoaewih mhmeehoadepf a

data is witten. These zones on the disk surface are

schend@grally iadetacedhbygl Fries. aFrerd2ngstananother

enl arged plan view show ng an exanple of a data zone

and aS¥@PRbez0het B PRESEDC pab¥erhéd edi a shown in

FIG 1. In Eﬁg ervo zg e 1% shggn in FIG 2, the

patterns of TagRetPc?l §8W§ af by RBAYORIpPEEMRLREHs PoPCesses

the pfgipﬁgﬁgfgggu§¥98tgaﬁgtterned media using a method of
substrate etching type according to the present
invention;

FIG. 7 is a flowchart showing exemplary processes
for manufacturing a patterned media using a method of
magnetic layer etching type according to the present
invention;

FIG. 8 is a sectional view showing an inner
peripheral portion of a disk substrate used in a
manufacturing method according to the present
invention; and

FIG. 9 is a schematic view showing a liquid gas
spray apparatus according to an example of the present
invention.

DETATILED DESCRIPTION OF THE INVENTION

Preferred embodiments of the present invention

will be described below.

FIG. 1 is a perspective view schematically



correspond to the servo patterns of current magnetic
recordi ng nedia. The servo zone 13 includes burst 15
signals 14 for making tracking control, for exanple.
In the data zone 12 shown in FIG 2, a magnetic |ayer
is separated by recesses to formcontinuous tacks in a
circunferential direction. This type of patterned
media is also referred to as a dPscfete track nedia.
20 FIG 3 is an enlarged plan view show ng anot her

exanple of a data zone and a servo zone in the
pat?EFﬁgglﬂ%dFap§EBﬁﬁnF BFelai. PR the adrhdagenefiphe
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Iineaactes@rdbngrsﬁnﬁthhi§n8@&§é§18§gsgegf€§éﬂg,OQna
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current media. In the patterned media in the narrow
sensevlBapanuser Rigal3ist heitiaear Teeoe diogeslensi tyei disk
5 determned by the fine patterning of data bits. In
generSfrIaFR #ERli aCREBIRLFal Fy Gnelcanedachy evenas.

hi gher recgrding density than that shown in FIG 2.
However , tgtgne%iéssﬂﬁm%n%ﬁr??@ipéaﬁaglﬂWs%HQQHFQg@g

f f ' ' i th Il er feature size and
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=Yool W it f.th ypes sho in FIGS. 2
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by veryowd ﬁ%aﬂﬂmﬁaZ}h@q@erﬂ@V@f‘trﬁ&%&@fh ayers
applied 15 to phase difference servo or” any ot et
servaeysdd®mn protrusions of the pre-patterned substrate
correspond to the servo patterns of current magnetic
recording media. The servo zone 13 includes burst
signals 14 for making tracking control, for example.
In the data zone 12 shown in FIG. 2, a magnetic layer
is separated by recesses to form continuous tacks in a
circumferential direction. This type of patterned
media is also referred to as a discrete track media.
FIG. 3 is an enlarged plan view showing another
example of a data zone and a servo zone in the
patterned media shown in FIG. 1. 1In the data zone 12
shown in FIG. 3, a magnetic layer is separated by
recesses to form data bits. This type of media is
referred to as a patterned media in a narrow sense.
In the discrete track media shown in FIG. 2, the

linear recording density is determined depending on a



wi thout being limted to the ABCD bursts. The present
i nvention has effect of noise reduction of servo
signal s based on protrusions and recesses of

" substrate, as described later. That is, the present 20

i nvention can be applied to a nedia in which servo
signals are provided by the pre-Patterned substrate.
FIG 4 shows a sectional view of’a patterned nedia
manuf actured in accordance with a nmethod of substrate

tching type, Th bstrate 21 i bjected 25 to
pr 0ceSePHG T 82 bt pAEESF hEOBT "bibbr HSFBRS aRda track by

rece orLke Lhg to, a servo_zone and dat a
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recording nedia to be flat. 5 FIG 5 shows a paiterned
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etching type. The magnetic |ayer 23 is etched to have
patt e¥PRSF Dk tHee Sredba zomewn annl HaGa Bragk zoneevéna
this case, the underlayer 22 and the substrate 21 may
furt HeYIher e?%?%ﬁ@l%eg@ﬁ)sh‘iaﬁgn@@@@ thgershayn remal BGi n2.
a recessed gg{tion un] ess sufficient signal can be
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substrate (SI). The material used for the ~TFesist Has

an etedt nge radel 1 anero tharnd had s of h & €§(;££% 008 in FIGS. 2

etched in the later etching step. Afilmhaving a lo
etchimmgd rate (referred to as a hard mask) may be

Although FIG. 2 illustrates ABCD burst signals by
way of example, the present invention can be applied
to phase difference servo or any other servo system
without being limited to the ABCD bursts. The present
invention has effect of noise reduction of servo
signals based on protrusions and recesses of
substrate, as described later. That is, the present
invention can be applied to a media in which servo
signals are provided by the pre-patterned substrate.

FIG. 4 shows a sectional view of a patterned
media manufactured in accordance with a method of
substrate etching type. The substrate 21 is subjected
to processing to form patterns of protrusions and
recesses corresponding to a servo zone and a data

zone. A stack of an underlayer 22, a magnetic layer



deposited under the resist. The resist is forned into

20 desired patterns (S2). Processing techniques

include: an inprinting nethod in which a stanper

havi ng desired patterns is pressed to the resist to

transfer the patterns; a nethod using an exposure

system and electron-beamdirect witing. The

patterning step 25 al so i ncl udes® addi ti onal processi ng

for removing remaining resist at bottons of the

recesses of the resist. The substrate is etched using

t he pgstef‘ﬁgdar8§9§?c5§v3 ¥Rr(§é)?r%ifﬂ6‘8%df8‘ﬁ the

etchipg, the_ ,substrate can use chenmical .interaction, .
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5steps (S4) ribht er kabsswWai phttdensat meanst nbHL€akbb@red by a

patterned nedia such as resist nust be renoved in the

post -pebbegsost mpgndhicpbsyetOeprbtegstypy . | NChadeagnetic

step to renove burr, for exanple. A surface
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showi ng”exenpl ary process tor nmanufacturing a
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etching type. Each process of the 20 nethod of

magnetic | ayer et ebi AgrtypRenhstSkAblahgt 8xelpabriNprocesses
FIG 6. In this method, first, recording
for manufacturing a patterned media using a method of
substrate etching type. First, a resist layer is
15 coated on a substrate (S1). The material used for the
resist has an etching rate lower than that of a film
to be etched in the later etching step. A film having
a low etching rate (referred to as a hard mask) may be
deposited under the resist. The resist is formed into
20 desired patterns (S52). Processing techniques include:
an imprinting method in which a stamper having desired
patterns is pressed to the resist to transfer the
patterns; a method using an exposure system; and
electron-beam direct writing. The patterning step
25 also includes additional processing for removing

remaining resist at bottoms of the recesses of the

resist. The substrate is etched using the patterned




medi a i ncluding a nmagnetic | ayer are deposited on a
substrate (S11). Next, a resist layer is coated on
the nedia (the nmagnetic |ayer or any other |ayer) 25
i nstead of the substrate (S12). Resist patterning
(S13) is carried out as in the case of FIG 6.
Etching the nmagnetic |layer (S14) is also carried out
10 simlar to the step of etching the substrate (S3)
in the nmethod of substrate etching type. A
post-process is applied_after the above ste (S15)
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under | ayer and a perpendi cular recordi ng layer

5et chi agllbe eetteﬂagmﬁglﬁaynﬁerhaéarlHHMhbehpEﬁEeééééerate
because rmgnetl c interacti on between patter ns can

reduces. ivinstepdofndepostthhggasplaotechi veal pyet-process is
(S16) can be further carried out if desired after the

15 et@PPhicdteptertiths ppeferabepst had) bot Mavéreatheshich
portion and un-etched portion be protected by the

pr ot € ?l%%tl%9%?tlFHt?h%hﬁe?ﬁBHeFB?dn@ﬁ@#acﬁuﬁhngsareslst
patterned nedj a ac%ord Qg?to the present invention,

step o?sgp?%y{%%ovﬁ b%s oﬂ?ﬁ?o@ EQ%SBySE?PfusTB% @OSt‘

substrate |s rled ou once

post é&éﬁﬁ@é.Stﬁpsé%fgéeS%§il91&§€io§b9gf EMBSQS&QRQS-
process may be applied. 1In the step of depositing
recording media (S5), an underlayer, a magnetic layer,
and a protective layer are sequentially deposited.
15 Then a lubricant is applied thereto. Each of these
layers may be composed of a plurality of layers.

FIG. 7 is a flowchart showing exemplary process
for manufacturing a patterned media using a method of
magnetic layer etching type. Each process of the

20 method of magnetic layer etching type is similar to
that in FIG. 6. 1In this method, first, recording
media including a magnetic layer are deposited on a
substrate (511). Next, a resist layer is coated on
the media (the magnetic layer or any other layer)

25 instead of the substrate (S12). Resist patterning
(S13) is carried out as in the case of FIG. 6.

Etching the magnetic layer (S14) is also carried out
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However, if the Eco-Snow apparatus, which is used 25
in a conventional sem conductor process, is used in

t he above step, there occurs a problemspecific to the
hard disk drive (HDD) nedia. - 11 FIG 8 shows the

i nner peripheral portion of a disk substrate in a
magneti c recordi ng nedi a accordlng to the present
invention. In this figure, therelare depi cted the
center line 81, the disk substrate 82, 5 the tapered

portion 83 in_the inner peripheral ortion, and th ,
ot o SURBLEA T7 e "BCTRhat vherbne: ERF g b beece %3 in

appl i ed. Th L ape ed portion 83 and the data zone
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nei t her the data zone nor t e tapered portlon

pr ovigech bet weebe £ 181 § aper edr pot t F B8 %héﬂ%sé@elﬁaéﬁe
zone 84. A zone around the tapered portion is used as

a cl angbzonetd osteh thgke gpbdshiatice dJhed bbankt PoLtdon
is provided for preventing the 15 interference of a

r ead- Nr¢¢@6$eadEN¢t¢t¢mEn@|@mpectImayh@epn@@@ssiuslmger
the Eco- Snow apparatus is applied to the process for
manuf @Rt Urehgiay pae tekweal aedlayshowin¢hudi@ Baoraeic

r egi Qﬂ§o be cleaned is . the  data zone 84, and the
t apere ort i Bh @ﬁF%&EP}%ﬁerlﬁot%%r?%ﬁ%r%f %@%edawbie layer

be cl d d h
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Eco Snow process gas

Eco- Snovy, apparid Uso #8 ﬁ@@%é@gczén&@915§gr REPbBDI biEYerable

of spreading dust on th
because magnetic 1nteractlon between patterns can be

reduced. A step of depositing a protective layer
(S16) can be further carried out if desired after the
etching step. It is preferable that both of etched
portion and un-etched portion be protected by the
protective layer.

In the method for manufacturing a patterned media
according to the present invention, a step of spraying
gas flow produced by diffusing a liquid gas toward the
center hole of the disk substrate is carried out at
least once 1in the post-process step S4 or S15 in the
above two methods.

However, 1f the Eco-Snow apparatus, which is used
in a conventional semiconductor process, is used in
the above step, there occurs a problem specific to the

hard disk drive (HDD) media.



substrate and hol der increases, which is not
preferable for the HDD. Further, since contamnating -
12 substances generated in the course of processes
for the HDD nedia have a nuch |arger size than those
of "contam nati ng substances" which can be renoved by
nmeans of the Eco- Show apparatus, such large 5
cont am nati ng substances canfot 1he Fempved by neans of
t he Eco- Snow apparatus. Under the circunstances, the

present inventors  have manufactured an apparatus
schemati caFF§ - sRofA°FA CRPGINBS I TRECABPSFat uBCShoRA PA 2

FIG 9.1 fi d. 10 fl d d_b .
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process chanber 94, the disk substrate 95 for 15 a

5 medi aghantdapetegagoft ovnh 983 Thi shappandtUset Spheral

anal ogous to an Eco- Snow apparatus. However, this
apparatusios, dafifleteatdéromdhe &tp- Snew, appasat ushé e
that: processing gas of water and a reactive gas such
as CRatcicHr3, PoFecandi €2fmerEandbe TiBedtasewnedl| past oR; 83
20 pressure effect at the tip end of the nozzle 93 can
be coRtrbPfed®hd &R3Frét BYSnBhRITLY FRRAPRESyFEOM each
regul ator 92; _and a di sk substrate 95 cap_be de tt
with 3naT he f%tg%EEFa?foﬁl?ia%gn%?%FlﬁaQ?oab%li B PEgL ™
to the_ i L.ph ].O f ' S t

1095 et gar e B F Rt ey Rt O Prdereofofs RUPSLRE! Eapered

pressysigedn Ok dephessyrbeedefy FRANS. 0L LACPEESSHT 63 and
regulator 92 and is liquefied there. For the purpose
of |ienwefyahs zone 84. A zone around the tapered portion
is used as a clamp zone for a disk substrate. The
blank portion is provided for preventing the
15 interference of a read-write head with the clamp.

If the process using the Eco-Snow apparatus is
applied to the process for manufacturing a patterned
media shown in FIG. 8, the region to be cleaned is the
data zone 84, and the tapered portion 83 and inner

20 peripheral edge will not be cleaned. 1In addition, a
holder mechanism of the substrate (which is similar to
the clamping mechanism in the HDD apparatus) is
necessary for the Eco Snow process. If the jet gas
flow by means of Eco-Snow apparatus is applied

25 thereto, probability of spreading dust on the

substrate and holder increases, which is not

preferable for the HDD. Further, since contaminating



5

10

15

20

25

- 13 the gas, the pressure regulator 92 may be
retained below the liquefying tenperature of the gas
enpl oyed. The liquid gas is sprayed in the process
chanber 94 under a regul ated pressure. At this tine,
the gas is 5 made in a solid state or in a liquid
state under a | ower tenperagurg than that in the
pressure regulator 92 because ? rapid
depressurization, and is sprayed toward the disk
In_the docune

bst
Z?sgaééké?a?%%?eg?%ea%%%¥mb%dt%¢n%?%saelaf BoreRges ngor
the r@%hd%ﬁ% Ot i§th95etQ%nué%elgy%gFaQ§zeo{héﬁttﬂéée of

flow hand, in the present Invention,

t he 9'a§oﬁi%$§t§r9{a§@k§ist§9ﬂ\@é§i"F\b‘l@l&lﬁméén Per +phsval by
portion of the disk substrate, in particular toward

t he im@eets pef i pherBto-esigew t oigpepitus L5shohotdeget 0

i nprove an effect of spraying the liquid gas, the

pr essworet amindel py osesst ahaedheca 920 tape beempegd| ay edeans of
in accordance with the type of the liquid gas. The

|i quithgascosSehosaprabrtehe residue to be 20 renoved

which is present on the inner peripheral portion of
t he di sk. Vﬂd?ﬁetﬁﬁs%lﬁﬁ%FétﬁﬁéeFesFHGepF§58PFgFHX?EB°rS
from rote%iﬁve | ayer such_ as, C o

gas BEER BTN 0 SeRar L CanE CHER kY BAOYT 1P
used.p7e 1§ the,g §§%¥@%ﬁgst9ﬁowﬁsi uprhs or gleagfggured

from a metal such e magnetic | ayer, |qu

SUCh t@Ss PR3, g £L1A1 o @NGr LB ESa MBY Q§f9§§gng1§ lkﬁhﬂg gas.

a liquid gas spray apparatus according to
In this figure, there are depicted the jet gas

cylinder 91, the pressure regulator 92 capable of
pressurizing or depressurizing the gas, the jet nozzle
93, the process chamber 94, the disk substrate 95 for
a media, and jet gas flow 96. This apparatus is
analogous to an Eco-Snow apparatus. However, this
apparatus is different from the Eco-Snow apparatus in
that: processing gas of water and a reactive gas such
as CFg, CHF3, SFg and CoFg can be used as well as COp;
pressure effect at the tip end of the nozzle 93 can be
controlled as desired by means of the pressure
regulator 92; and a disk substrate 95 can be dealt
with and the jet gas flow is controlled to be applied
to the inner peripheral portion of the disk substrate.
The gas supplied from the cylinder 91 is pressurized
or depressurized by means of the pressure regulator 92

and is liquefied there. For the purpose of liquefying



the present invention shown in FIG 9, experinents
were carried out in which a variety of gases are
sprayed toward inner peripheral portion of the disk 5
i ncludi ng the edge and tapered portions under

di fferent conditions. Wien the pressure in the process
chanber was set at 2 to 5 atn1&8 2 to 0.5 MPa) and
the pressure of |liquid 002 was-regulated to 10 atm (1
MPa), sufficient 10 effect of cleaning the inner

eri ral portjon of the disk_was attained, It
got Epﬁ?egagregks BEESFHES pFEYLAFET hEtﬂéYcHSnﬁﬁFaﬁﬁed

5 at consi deratian
Saf et Jo P haabaruRer SpPore PR P hEFEage she EfRgeme Loved.
wat er pyapek o um@egaghgslégg 9é§“5ﬁ Eﬂﬁpgﬁ eéggeéﬁam?er 94

chanmber was reduce to O and t ha

the M@haérvapeéam@gté@ggkégsdréo 5A€tﬂh£9 BilBa) the gas is
cleaning effect 'similar to that of carbon di oxi de was

5obsermede Eurtheplidnstheecaseiwhereigutieastbye gadeof a
SF6 20 was used as a liquid gas to be sprayed, a
suf fi ¢pear teipanahygref fbeh wastathathedpevenuwhenethéator
pressure in the chanber was not regul ated. \WWen SF6
was ug%dbeFﬁéSesﬁ?ayﬁﬁgdp?é§§eﬁéuﬁa§a§é9natamé aﬁnﬁpzayed
MPa) t he case where spin-on-g

(S0 tHar 5t biset 8’ 5uPabPers "S5cel Tont ol BaRTAgLoCament,
o och 88y Bh! Bbicd, sYISBebTechL 90 6,903 BREBKY g gecioc
0352, o spadcc gl bl el oL o perdobeial ) meon
slightrageungaof rdust apnd addi bt8Bal hand, in the present

invention, the gas flow is sprayed toward the inner
peripheral portion of the disk substrate, in
particular toward the inner peripheral edge thereof.
15 In order to improve an effect of spraying the liquid
gas, the pressure in the process chamber 92 can be
regulated in accordance with the type of the liquid
gas.
The liquid gas is chosen for the residue to be
20 removed which is present on the inner peripheral
portion of the disk.
In the case where the residue is originated from
a protective layer such as C or Si0Op, a liquid gas
such as COp, Hp»O, Oy, SFg, CF4, and CHF4 may be used.
25 In the case where the residue is originated from

a metal such as the magnetic layer, a liquid gas such

as BCl3, CClyg, and CBrF3 may be used.



cl eani ng process was necessary. However, use of the 5

liquid gas spray apparatus according to the present

i nvention brings about an advantageous effect of

i nprovenent in head flying characteristics because of

decrease in the nunber of abnormal protrusions on the

i nner peripheral portion of the_patterned nedia, which
10 surpasses the inconveni encCe ¢f néed for the

addi tional cleaning process. Wien thin filnms such as

an under | ayer, andni, nagnetic | ayer are de&;sited on a
substrate P8r"d 2nadABtPcIr8c8PdrHg2RBATE WPt Regording to

sputterin at us 5 the substra i s,general |
el o SRCrRESSaNE: harenpeeh oRuPYR"bor FGh PRerapr: ents

ThuszwéP@SgaEPE@dfELGSina%ﬁiE?LQEQaQEeE eokaﬁgésg are

portion and edge portion in e inner periphery.

Howevepragegutanyraf 18HetageripabEeINppgtigh bREsRe disk
portions 1s poor conpared with 20 the case of the data

5zone. iktltheng the &dhesandepaseted parthenkapraed
portion have poor physical quality because sputtering
partidiéSeract denndiobbnguely to the tapered surface.
Therefore, there has been a problemof flying
i nst abi | it yhep Ahgspreaduwei te KBadrsPeesehehpmher was set

peripheral portion due_ to abpormal protrusions. This
probl%ﬁ1?stgngea§@rﬁ ué t?n0a5p§F?érg89 hBai Rreppure of

additi9§?%$y§82 Qa%6re L?gge n%EOTSdaggog%Z@F%g9gFg ?Ecient

filmqu processés such as resrs

1oaccon@§@é@g Jg%ecﬁggggﬁ ltﬁ@bJS.BRQEe?g%@nggrg?dFE}‘tEBﬁ of the

surfaces 0 _ ortion and [ portion In
the i angk RapestPheh¥a. This fesHbispiBrRear18dRESEAR the

of the
pressure in the chamber to 5 atm (0.5 MPa) or more in
consideration of the safety of chamber operation.
In the case of using water vapor, when the
15 pressure in the process chamber was reduce to 0.001 to
0.1 MPa and that of the water vapor was regulated to
5 atm (0.5 MPa), cleaning effect similar to that of
carbon dioxide was observed.
Further, in the case where a reactive gas of SFg
20 was used as a liquid gas to be sprayed, a sufficient
cleaning effect was attained even when the pressure in
the chamber was not regulated. When SFg was used, the
spraying pressure was set at 10 atm (1 MPa). 1In
particular, in the case where spin-on-glass (S0G) was
25 used as a resist, excellent cleaning effect was

attained.

When the liquid gas spray apparatus according to



deposited | ayers. Since the head does not access the
i nner peripheral portion, degradation of filmaquality
or abnormal protrusions in this portion does not
directly affect flying characteristics. However, 10
since plural of thin filnms which are subjected to
internal stress are deposited on_the tapered surface
of the substrate with poor pFop%Ftyf the filnms are
likely to be cracked. Wien the filns are cracked,
ieces of the filns reach the portion where the

br oke l

15 heg%gc%ﬁe%%%%s%?V?%F%ﬁ%rva?nuf%%'c s@Pof theaning effect
atte d. ' | I crack. may pccur in_the .

o L0 TRk S SLIMLPCL AP, IRGECEME 402k actanea,
char agteristhesqQfeQvelidihe £rﬁ&&1@@39f‘h§&§%t hgqhead: €88na1

access. 20 1n the experinent described above, .

sprayéngawing gesodd O3 t&s thect HHFy Peripheral, PRELI 80 the
may change the property of the layer in the inner

5 peri phitald @ost $enaansopapiove adbesd Dig ofoi the ThiSsent
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reduces abnormal protrusions and further inproves the

flyi ngpeentthean det ergstaksut Ronadhentasets effect of
experiments perfornmed with various types of gases, it

i s coHmR¥IeRmerhatn dicadvahy Beotika eddeerisblienppeesyse of
degradation of 17 the flying characteristic over the

i nner“Perspterat ThortVeRetant PR IRt hatl P efaf dpegson the
of types of gases j.e., . in any case of using 00 :
oo Bl 0P e T bSOy Tk e CORMBT T e T Skt be, which
gas (éﬂ%ﬂk R 4 3 o] -

di ffer enceégé?% g?? g?c%ﬁm%?%s_{n f %}é@adgﬁggi %}g?e?%%ltlonal
advant pgeoUsy eff&edsds also attained with other

reacti ve gas, for exanple,

When thin films such as an underlayer and a
magnetic layer are deposited on a substrate for a
magnetic recording media with a sputtering apparatus,
the substrate is generally held at the external
peripheral portion thereof. Thus, these thin films
are formed on the tapered portion and edge portion in
the inner periphery. However, accuracy of surface
patterning for these portions is poor compared with
the case of the data zone. Further, the films
deposited on the tapered portion have poor physical
quality because sputtering particles incident
obliquely to the tapered surface. Therefore, there
has been a problem of flying instability of a
read-write head over the inner peripheral portion due
to abnormal protrusions. This problem is more serious

in a patterned media. In addition to the



chl orine containing gases (such as BCl13, CCl4, and
CBrF3), which are used in RIE. It is expected that a

10 sim | ar advantageous effect nay be attained with a

car bonyl - based reactive gas. (Exanple 1) Patterned

medi a having a cross sectional structure shown in

FIG 4 or 5 and a planar structyre 15 shown in FIG 2

or 3 are fabricated using a net 8d of manuf acturing a
patterned nedi a according to enbodi nents of the

present invention. Two types_of materials, i.e., (A

Ol aost ERGCTRY E L Aledl a9t SBEF E2reaatt Sarfagba bk en! ng
treat j NLP are.used as.a subs te.,. On the
subot PapeeYrtPratln e 268V Entr AR Ao PR iR SrrpehEed by
typescpaLg; deposibedanta) GRFENDLSAE b, mRgpet| £ th
under?aye% 100 nn?C%% 5 nn%%a @ nn}ﬁd g nﬁygﬁaigs of the

nm Cogaft- 5021 bRCOREI REpe28d! p¥eEidR NAT Enpr ohRELI Ve
| ayer 4 nm where the soft magnetic underl ayer

5i ncl udesianték{erromagnetsaatkyincpdapkedddesbbe- bayened
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soft magnetic |ayers; - 18 (b) FeTaN soft nmagnetic
underfiegesigednhtTerss nftPdelohanhf@ 008snnpPdadcess the
nn 20 recording layer /C protective |layer 4 nm where
the reRbeHi Rgriaheraisrarseceal fedraaghepncoar fifncaaplity
|attice | ayer ? gre ared bg alte nateIE Laninating

0.3 niFt APERTEDT PRYEFYSARAS0IY hit EhPektpPan| 49&FsTPbr

i ol BT - REBPAE nb A9 Rr CBEART B pr bt B2t VEOTEYEF

4 ””‘slhéensﬂhﬁano%hﬁhﬁxp?§1ﬂé &ﬁlcﬁngrébgu858c§ga to
internal stress are deposited on the tapered surface
of the substrate with poor property, the films are
likely to be cracked. When the films are cracked,
broken pieces of the films reach the portion where the
head can access. Further, in the case of the
patterned media, similar crack may occur in the
manufacuturing process. This may degrade flying
characteristicé of over the regions where the head can
access.

In the experiment described above, spraying of
gas flow to the inner peripheral portion may change
the property of the layer in the inner peripheral
portion and improve adhesion of it. This reduces
abnormal protrusions and further improves the flying
characteriétics. From the results of experiments
performed with various types of gases, it is confirmed

that an advantageous effect to suppress degradation of
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10 cal | ed perpendi cul ar magnetic recordi ng nedi a whose
easy axis of nmagnetization is oriented perpendicul ar

to the filmsurface; and the nmedia of the type of (c)

is a longitudinal magnetic recordi ng nedi a whose easy
axi s of magnetization is oriented in in-plane 15
direction. Two nethods, i.e., (?;) a met hod of

substrate etching type (FIG 4) and (P2) a nethod of
magnetic |layer etching type (FIG 5) are used for
processing, a. _patiern nedia. Patterns of discret
Pracktgpe BirferefE S5 EarEo By e bt Ba R af -y g L oneral

magnets £+ [ £5 0k NG FEML 2,05 £Q§a£aps§s(§% apde£Cdf gases,

and patterns of a patterned nedia in a narrow sense
(FIGi33. arenf oniedas@not hgs thgneds ¢ H?@PrghﬁgoﬂEQanell as
of the type (b). In order to inprove flylng

char attest shé cSontr@thAng 2be b ot Whé chat héstuebessedFg, CFy,
portion between the patterns of the magnetic layer is
fill ednahi €HESI Cratohlight epmehadifEaréncest herebfeareare
also fabricated. The S102 is - 19 deposited b¥ bi as
sput tRF$HYLL andI B haddepesnt ebh i egvanfagepys effect is also

et ched- back gy Ar ion mlling to be flattened. The
pat t e# hs? 5% hwbEhs%FQ%rsF@ﬁgF§Yet93€ks?°5n8xample'

addresses). forned, on_the nedia correspon 0 a ack
S e aRESl 0 B L DS JRALE TOLERSRRIECYS, bl g and

case @érﬁaPat&ﬁi@ﬁdaPEd&Qeggiﬁ_ﬁ@éf0“&§GE§G%¥F@%E§&”§hat a

correspond to a recording nsity of 1 nega

inch {Mapidras@viet8Bdohy thecdat @agopeSatihened with a
af orenenti oned various nedia are tested for 10 flying

char acsieivdsyl €sas&achesetiaci gaset to a spin stand
tester and is rotated at 4200 rpmand then a

(Example 1)

Patterned media having a cross sectional
structure shown in FIG. 4 or 5 and a planar structure
shown in FIG. 2 or 3 are fabricated using a method of
manufacturing a patterned media according to
embodiments of the present invention.

Two types of materials, i.e., (A) glass and (B)
Al alloy subjected to surface hardening treatment with
NiP are used as a substrate.

On the substrate, films selected from the
following three types are deposited:

(a) CoZrNb soft magnetic underlayer 100 nm/CoB
5 nm/Ta 5 nm/Pd 5 nm/Ru 10 nm/CoCrPt-5i0y recording
layer 15 nm/C protective layer 4 nm, where the soft

magnetic underlayer includes antiferromagnetically

coupled double-layered soft magnetic layers;



slider is | oaded over the nedia, the slider has the
nom nal flying height of 12 nm The slider is
positioned over an inner region within 1/4 of the 15
radi us. After one-hour flying operation, signals from
an acoustic em ssion (AE) sensor nmounted on the slider
are neasured. Fromresults of flélng characteristics
of a conventional nagnetic récort ing nmedia, in order
to provide flying characteristics of a product |evel,
20 it has been found that no head crash occur; durin
I

one- hour fI'P)n§e8p8r 8CEENTGINRELF HERRE2¥RGnELs "B T

oo, R BEL 10 Rk 08g, Badunkupd Bra fETRS ZsROPERed
reoul 5y ln Bablecdoct Ue 19028 Laubstiatel odeugtes tng

substrate type, s eit @Iass or

al | oy1gybj-ec¢ted ge éa&ﬁ@aemagaeeﬁelagtaﬁea&a@n&awkaee layer
Ni P. The term "nedi a" - enot es any one of

5af or epesphesadblypesetarte(h) landnatehg The herFmhick Co
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"process" denotes (Pl1) a nethod of substrate etching
type LBy&rs4pndr O(22hmatimetko@doflayrmagnébirc2Payemes; and
etching type (FIG 5). The term5 "filling" denotes

the presend€)oNiabséRcandfra lfr saESEMooR Of PRY/CRG T8It

to flatten the surface of the nedia. The term

"di amefEPT aéﬁoﬁé§thé5dP§ﬁ€tEFOBFC51V§U%§VP5té an

the case o% t he resen gxa gy pes o%

e A B S P ot YPES Aon (20° BFEk (&t e iSedo
The tSéﬂheépE§¥8eHSQ8 r g H%g ? reB8EdlBE méth Phose
spraylng gas W pro uced fusrng a Fiqu
tomﬁrgagpeaQQQt@E HgbﬁeQEzEH?ondh§ko§§Q§EE6tEerpendlcular
according to the present invention is

to the film surface; and the media of the type of (c¢)
is a longitudinal magnetic recording media whose easy
axis of magnetization is oriented in in-plane
direction.

Two methods, i.e., (Pl) a method of substrate
etching type (FIG. 4) and (P2) a method of magnetic
layer etching type (FIG. 5) are used for processing a
patterned media. Patterns of discrete track type
(FIG. 2) are formed on each of the magnetic recording
‘media of the types (a) and (c); and patterns of a
patterned media in a narrow sense (FIG. 3) are formed
on the magnetic recording media of the type (b).

In order to improve flying characteristics, media
in which the recessed portion between the patterns of

the magnetic layer is filled with Si0p to flatten the

surface thereof are also fabricated. The Si0p is
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carried out. 002 is used as the liquid gas. In the 15
case of the nethod of nagnetic |ayer etching type,
this step is carried out after mask patterning (S13)
or after magnetic |ayer etching (S14) in FIG 7. In
the case of the nethod of substrate etching type, this
step is carried out after substrgte_etching (S3) in 20
FIG 6. In fabricating the sanpl s of nunbers 2, 4,
and 7, a shield plate is placed above the center hole

f the di sk_sybstrat { b
subj ofeBa’t6 B o BT e Loy uihe S Hegg Tees 510,

crashg ﬂ”?s é@bb@&eﬁﬁb§ rﬁ9r§8§”ﬁ i??ﬁ e “EésfléEtened

25 the ornmer Cco enot es the cas ere

head CfaSﬁh@¢5HE§e9Hé'queﬂe Bouk -¢8NLL BHAYS, tracks, and
operation; and " denot es the case where no head

crasha@@§@5§esThe02&edlahtehe0@éama £6Presgpha @opsakrack

intensity of AE signals in a unit of volt .

+ idansDcindBNLOMY) M) ©cbhbks per inch (ktpi). In the
case of a patterned media in a narrow sense, patterns
correspond to a recording density of 1 megabit per
inch (Mbpi) are formed in the data zones.

The aforementioned various media are tested for
flying characteristics. Each media is set to a spin
stand tester and is rotated at 4200 rpm and then a
slider is loaded over the media, the slider has the
nominal flying height of 12 nm. The slider is
positioned over an inner region within 1/4 of the
radius. After one-hour flying operation, signals from
an acoustic emission (AE) sensor mounted on the slider
are measured. From results of flying characteristics
of a conventional magnetic recording media, in order
to provide flying characteristics of a product level,
it has been found that no head crash occurs during
one-hour flying operation as well as the signals of
the AE sensor must be lower than 5V.

Table 1 shows a summary of samples provided for
the tests and test results. 1In Table 1, the term
"substrate" denotes a substrate type, and is either
(A) glass or (B) Al alloy subjected to surface

hardening treatment with NiP. The term "media”
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denotes any one of aforementioned types (a), (b) and
(c). The term "process" denotes (Pl) a method of
substrate etching type (FIG. 4) or (P2) a method of
magnetic layer etching type (FIG. 5). The term
"filling" denotes the presence or absence of a process
of filling SiOp to flatten the surface of the media.
The term "diameter" denotes the diameter of a
substrate. In the case of the present Example, two
types of disk, i.e., a 2.5-inch disk and a 1.8-inch
disk are used. The term "spray" denotes whether or
not "the step of spraying gas flow produced by
diffusing a liquid gas toward the center hole of the
disk substrate" according to the present invention is
carried out. COp is used as the liguid gas. In the
case of the method of magnetic layer etching type,
this step is carried out after mask patterning (S13)
or after magnetic layer etching (3514) in FIG. 7. 1In
the case of the method of substrate etching type, this
step 1s carried out after substrate etching (S3) in
FIG. 6. In fabricating the samples of numbers 2, 4,
and 7, a shield plate is placed above the center ‘hole
of the disk substrate so as to prevent from being
subjected to the gas flow. The columns of "head
crash" ‘and "AE intensity" represent test results. In
the former column, "X" denoctes the case where a head
crash occurs during one-hour continuous operation; and

"O" denotes the case where no head crash occurs. The



Oaaaaadwaaadaadad4a~1~ WO fW -H br~r~AAU0r o( 0Qr 000

U a) 4-)asas Co a) CODNmrIN" )Lnr-wmr | z
v - 23 As shown in Table 1, one-hour flying operation
is not successfully made in the case where no filling
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latter column represents a peak intensity of AE

signals in a unit of volt (V).



carried out on an Al alloy substrate of substrate
etching type. From AE intensity, all the sanples to 5
whi ch the nmethod of the present invention is not
applied are rejected. In contrast, it is found that
all the sanples with gas flow jet process toward the
center hole can achieve flying ?ergtion of acceptable
| evel in the AE test. This resu represents an 10
advant ageous effect of inproving flying
characteristics. Further, wth respect to the sanples
of nunbers 5, 6, and 7 which can not attain
successful flying operation for one hour, the process
of gas flowjet 15 toward the center hole of the disk
subst r at e+s—mappttedrusi-rg—atHgui-d—gas—oef—H2 2,
SF6, CF4, or>ﬁCH¥3. T$es anpl €s are subjectled| td :
tests of |flyilg chiaracterijsticsg with a|nethad simlar
to that |dgscr|ibedijaiovel For | these vsamplesc|an| vt he
peak 20 ijnEeryi by ~of ARSI dnal & |wiif b nf ik St |5 riut es

c

5

a

t

A

AEN
after the heéad is | oadef ils fedsuted. In any caseg, it
is confijrmed'ithat the sjgnal|intel vV qr
| ess, thatisg—the flhyingich ctg
i nproved | regdrdlesss of gag type ol
even in 25Ut%§ Ci using ftluyorine cont
reactive |ggs.c| Al CerO¢onpketed xt|hg | eyabuat
I O
he

nSifti es
terilstilcs

ar e
all
substrate typeg and
ai
On f glhe
flying gharagteristics,|the pidrostriucfure of
edge - 24 surifagce of |[th Dl el i $ opserved with
a scanni ng—eHectron m crogcope (SEM As Hes
all the gl it es are ta&gled as shown | n [FI G

s 5 &
8 but the AR |aKl ey Xubst Xarés *dre| htOcepo | (o] bk

tapered as_@hgwn

e genter

Tale 1

P1
P2
P1
P2
P1
Pl
P2
P1
P2
Pl
P2
Pl
P1
P2

10

11

Number |Substrate|Media{Process|Filling|Diameter
12
13
14




5in FIG 8. In addition, slight burr is observed in

the sanple of nunber 13. The reason why the tapering

is hardly identified or the burr is observed in the Al

all oy substrates is that. the deformati on of the inner

edge portion takes place when a cylinder is passed 10

t hrough the center hole of the substrate in the

al i gnnent procedure in the iﬁpr?ﬁtiﬁg process.

However, even w thout tapering on the edge surface,

the present invention is found to be effective for . .

i mprovi ng e SPPYPngcRakadét éri SPrcdourt filyingt egegtion is

that th resenc taperin be preferable _,. .. .
becauldt ROCTEyrag CHararer st s raRd PErBens Filling is
i mpro . le 2) Patt [ Lm Lar S

| P ousd LEXAD! 8,20 PR 1080 ULR,SLET LA 18 Lhse
char agteni shi €ybest srranengan hi8dsoul,, Ihe sHBstEALees to
is 0.85-inch type, and 002 is used as the liquid gas.
5The reatkhstaeemshavd otnthabbeedentt ihschotind tBatot

t he sanpl es which show good characteristics in Table

1 al seppxhebi krgoedj2btEHyi ngnchanacteri stkcssefennd that

when the size of the substrate is reduced. 25 -P -H
Lbconﬁthﬁhvvsamples with gas flow jet process toward the

center hole can achieve flying operation of acceptable

level in the AE test. This result represents an
10 advantageous effect of improving flying
characteristics.

Further, with respect to the samples of numbers
5, 6, and 7 which can not attain successful flying
operation for one hour, the process of gas flow jet
15 toward the center hole of the disk substrate is
applied using a liquid gas of H»0, O, SFg, CFy4, or
CHF3. These samples are subjected to tests of flying

characteristics with a method similar to that

described above. For these samples, only the peak
20 intensity of AE signals within first 5 minutes after
the head is loaded is measured. 1In any case, 1t 1is

confirmed that the signal intensities are 5V or less,
that is, the flying characteristics are improved
regardless of gas type or substrate type and even in
25 the case of using fluorine containing reactive gas.
After completed the evaluation of the flying

characteristics, the microstructure of the edge
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surface of the center hole is observed with a scanning
electron microscope (SEM). As a result, all the glass
substrates are tapered as shown in FIG. 8 but the Al
alloy substrates are not clear to be tapered as shown
in FIG. 8. 1In addition, slight burr is observed in
the sample of number :13. The reason why the tapering
is hardly identified or the burr is observed in the Al
alloy substrates is that the deformation of the inner
edge portion takes place when a cylinder is passed
through the center hole of the substrate in the
alignment procedure in the imprinting process.
However, even without tapering on the edge surface,
the present invention is found to be effective for
improving the flying characteristics. It is noted
that the presence of tapering may be preferable
because the flying characteristics tend to be
improved.

(Example 2)

Patterned media similar to those in Example 1 are
fabricated, and similar flying characteristic tests
are carried out. The substrate is 0.85-inch type, and
CO» is used as the liquid gas. The results are shown
in Table 2. It is found that the samples which show
good characteristics in Table 1 also exhibit good
flying characteristics even when the size of the

substrate is reduced.
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a2) Qr AZ26 Then, simlar tests are carried out
for the sanples in Table 2 but using chlorine
containing reactive gas of BCl3, CCl4, or CBrF3 as
the liquid gas. It is found that the peak intensity
of AE 5 signals within the first 5 mnutes after head
loading is 5V or less, which represents an
advant ageous effect of inprbviﬁg the flying
characteristics. Hereinafter, a description will be
given with respect to materials used for | ers of
T

megneti o PR ocoriT vt o o iy 10 T O th
enbodi nent fot t in - <<ub .
BT AT Be ek o PRy A SRS

e use exanp a glas

substrate ;an Al haseg-al | ycspbsiy atgsra I O/ A @sid

substrate, a car%on substrate, a Si single- crystal

substgat e and therdike. o ams phodls DlesssDfy & AE
crystallized gl ass can be used for the gl ass

substgiajes 1 Thel et phosist gt s s imochwides af seodahédgreloading
glass, alumno silicate glass and the like. The 20

crystiad |5 enr gless, iwitl clescrréesemi simbazdgpntageous effect
crystallized glass or the like. As the ceramcs

substeat EPEeerRg clte blel Used: CRI R er e Fate¥i al s t hat

Hereinafter, a description will be given with
respect to materials used for layers of a magnetic
recording media according to the embodiments of the
present invention.

<Substrate>

As a substrate, there can be used, for example, a
glass substrate, an Al based alloy substrate, a
ceramics substrate, a carbon substrate, a Si single-
crystal substrate and the like. An amorphous glass or
a crystallized glass can be used for the glass
substrate. The amorphous glass includes a soda lime
glass, alumino silicate glass and the like. The
crystallized glass includes a lithium based
crystallized glass or the like. As the ceramics
substrate, there can be used: sintered materials that
consist essentially of aluminum oxide, aluminum
nitride, silicon nitride and the like or those with
fiber-reinforced treatment. The Si single-crystal
substrate, a so-called silicon wafer, may have an

oxide layer on its surface. Above substrates may have
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consi st essentially of alum num oxide, alum num
nitride, silicon nitride and the |ike or those with 25
fiber-reinforced treatnment. The Si singl e-crystal
substrate, a so-called silicon wafer, may have an

oxi de |l ayer on its surface. Above substrates may have
- 27 NP layer deposited by a Q%atlng nmet hod or a
sputtering nmethod. <Underlayer>""An underl ayer is used
for purposes such as 5 control of a crystallinity of a
magnetic recording Jayer, control, of rticle sjze,
and ﬁ{'ﬁp%o]\/ae\ffeﬂté%ﬁosja‘b%%s?%n? %/tﬁr?%d'ﬁ)%fh%(?]d%rrl%yer
used fo conv [ magneti c recordi ng nmedi a can be
used.Jp E%Ioﬂggﬁé%@ébe conposed of a plurality of
layers in @9 Qcder dp-efficiently achieve the above
purpose. The wunderlayer may be a netal, a dielectric,
or a mxtuke uhderesferAisutitagerot putpysesconshsas
of the underlayer may be nodified in accordance with
ion donathhtéode gagsexpbsuley antl & headnkelic 18e¢prding
addi tion, the underlayer may be a magnetic layer. In
partikayer, ¢onthel caberahietele helragnetd cimpeevedeng of
| ayer is a perpendicular magnetic_|layer, a so-called
per petfth et &t - dolibY ek 12y e? f meuiar L awer enged for

di cul ti di | ' t acked
50 SOTETTRIGMETTGL URIEIT aher - {ERhy - AT rg i ght oo doed.
1] ta) h f . ers in
Cnder | agbr S TR p o e T ol BT Rgne heaf a7
provi gdegef or Passr B Weht i P02 BROBEL T €ndi gb8vETr Y Bose. The

writing nmagnetic pole, and then, return the recording

underlayer may be a metal, a dielectric, or a mixture
thereof. A surface of a layer consists of the
underlayer may be modified in accordance with ion
irradiation, gas exposure and the like.

In addition, the underlayer may be a magnetic
layer. In particular, in the case where the magnetic
recording layer is a perpendicular magnetic layer, a
so-called perpendicular double-layer media, where a
perpendicular magnetic recording layer is stacked on a
soft magnetic underlayer (SUL) having high
permeability can be obtained. The soft magnetic
underlayer of the perpendicular double-layer media is
provided to pass a writing magnetic field from a
writing magnetic pole, and then, return the recording
magnetic field to a return yoke in the vicinity of the
writing magnetic pole. That is, the soft magnetic

underlayer serves as part of a function of a writing



5

25 magnetic field to a return yoke in the vicinity of

the witing magnetic pole. That is, the soft magnetic
under| ayer serves as part of a function of a witing

28 head, and serves to inprove witing efficiency. A
hi gh perneability material including at |east one of

Fe, Ni, and Co is used for the ggft magneit c

under| ayer. Such materials can clude: a FeCo based 5
all oy such as FeCo or FeCoV; a FeN based alloy such

as FeNi, FeNi Mb, FeNiCr, or FeN Si;, K a, FeAl _based and

FeSi had®d 219 oy Cereht as AP Ve FEA'SHY Foar SFEF ey
FeAl Si Ti Ru, or FeAl Q FeTa based allo . T
FeTaC, FeT%hFl%%dp%r?%%?l aséd'a 6§a%u%ﬂé§§8#§§rﬁﬁ ?8a8t
Thin f] ayin fi y L Line r u -

as Fé%?%;ageigthngéﬁﬁ gﬁd§%2%%%ﬁcgﬁ%a?ﬁ%n%@%%5%§/§%%tc
nmore Q&L £98r be ysed hofeSthisAcghamtakdefi &nNFéOo based
which fine crystalline grains are dispersed in matrix
can bglusedsfior &lreds ot heeCouf esi BESidbasthe sblody such
magneti ¢ underl ayer, there can be used a Co all oy

cont aksi RgNCp FeMdMat FeldstronerofeXiSiH 2 RbAlThasqgy, and
and Y. Co is preferably contained in 80 at% or_nore.

| n t hEeghskasefierblauehsSacoaal Fefl haebedh: dEpdsPiel-

by 20 _sputtering, an_anorphous |layer is easily forned.
The Eﬂg}%h%hguso?f Redhetie ﬁﬁ?%r?%?eéhﬁ oyefych as FeTa,

I f [ '
ave EFORTal e ragnat fch AR <Bt By Aok JREAI Frnbe =t

have ha anisotropy, a

o def ect OrT?igr Eﬂmbﬂavgﬁﬁy nnaddi-{,.el) 19QES8t ructure
0 2 Se

15

20

25

reducti on nedi a ca achi eved by using the
amor phous $9f Fenlo, FeMgO, FeTaN, and FeZrN containing

60 at% or more of Fe can be used for SUL. A granular
film in which fine crystalline grains are dispersed in
matrix can be used for SUL.

As other materials of the soft magnetic
underlayer, there can be used a Co alloy containing Co
and at least one of Zr, Hf, Nb, Ta, Ti, and Y. Co is
preferably contained in 80 at% or more. In the case
where such a Co alloy has been deposited by
sputtering, an amorphous layer is easily formed. The
amorphous soft magnetic material shows very excellent
soft magnetic property because it does not have
crystalline magnetic anisotropy, a crystalline defect
or a grain boundary. In addition, noise reduction of
media can be achieved by using the amorphous soft
magnetic material. The preferable amorphous soft

magnetic materials can include CoZr, CoZrNb, CoZrTa



10

15

20

25

magnetic material. The preferabl e anorphous soft
magnetic materials can include CoZr, CoZrNb, CoZrTa 29
based alloy or the like, for exanple. Under the soft
magnet i c underl ayer, an underlayer rmay be further
provi ded for the purpose of inprovenent of a
crystallinity of the soft magnefjc underlayer or 5

i nprovenent of adhesion to a substrate. As a materia
for the underl ayer, there can be used Ti, Ta, W Cr,

Pt or an allo containinﬁ#thes el ement

al t erAFtSV A YoM W T MG ot h%faé?ﬁféAgr

i nt di | d f - ' teri

my be. pr VTR HeT veeht LS SoF {C ndanet e Enaeh | Bydpriaves

and tr{%ey p;ﬁé Rendi,cul Zgr 51 £of 8G0L 4b NS0 d &YSF - i rfovement
of? the 1 nternedi ate

role ayer is to interrupt

exchange, 4 A0 4 A ©f ast | e bed Meefadher isafdderlayer or
magneti c underl|l ayer and the recording |ayer and 15 to

cont riohpsyatalt i of tadlods tdre tecorsimgctayer. Ms @ material
material for the internediate |ayer, there can be used

Ru, PFigr Pthe Wnderldwer Crthésre oandpe absey TontBanithg Cr/
these el ements, or alternatively, oxide and nitride

t her & .01 2 brelercent pelent CRPFRee hMRES t hel sof t

magneti c underl ayer may be conprised of a urality of
| ayera! temep by %!F&ﬁ+%?e?rhgﬁFﬁbg?hF%?ﬁ%gt'of 0.5 to

1,2, grPosedy et et vegn MIELEBY B Lipane i
ﬁgﬁglﬂ%gQ§%££ +§%e£eEEYOQfdgé?Q?QQQeQOHHéegoﬁétﬂaénetic
gnetic Tayer ving in-plane ani sotropy such as

CoCr Rty g PRy e AT aFEPENOT p@r PERAL BAL L AYREgABEEC Ofecording
layer. The role of the intermediate layer is to
interrupt exchange coupling interaction between the
soft magnetic underlayer and the recording layer and
to control crystallinity of the recording layer. As a
material for the intermediate layer, there can be used
Ru, Pt, Pd, W, Ti, Ta, Cr, Si, or an alloy containing
these elements, or alternatively, oxide and nitride
thereof.

In order to prevent spike noise, the soft
magnetic underlayer may be comprised of a plurality of
layers, and have a Ru layer having thickness of 0.5 to
1.5 nm interposed therebetween, whereby anti-
ferromagnetic coupling is exerted. In addition, the
soft magnetic layer may be exchange coupled with a

hard magnetic layer having in-plane anisotropy such as

CoCrPt, SmCo, or FePt or a pinning layer made of
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30 anti-ferromagnetic material such as Irvh or PtM.

In this case, in order to control an exchange

coupling force, a magnetic |layer, for exanple, Co, or
alternatively, a non-magnetic |ayer, for exanple, Pt

5 may be lam nated at the top and bottom of the Ru

film <Magnetic recording Lgye§5 The magnetic

recordi ng |l ayer can be used as ~either a perpendicul ar
magneti c | ayer in which an easy axis of magnetization
iIs muinly oriented in a1 er pendi cul ar di.fect]j

an i i'pitar ﬁﬁﬁﬂﬁQQ%ﬁﬁQ(ﬂé%%%ﬁ iﬁPéﬁn%ﬁ1é§ﬁ%é§§q§¥ﬁ§' In
of ef i jon js..ori ' n i.n-Hlang, ;
directi o%.ga\a%é’i ;}Lr{proe‘jfage{fagclr%% {aktcglt ha{erpn%lgnet T coupling

recorglng. | aay%a&r%ﬂwelacyeﬁn A} WkarkoNs] sdd Nor
essentially of , for exanple, a CoPt 15 all oy,

because: dvirgHt ani 59t rombroath e tatd dines:, Ther awgneléc Pt,

recording | ayer may contain oxide materials. As the

oxi denawatles i ladrsinat &b oxitdey wosidnddrooxdrdegf athe Ru film.

titanium oxi de can be used. Metal oxide, where the

met al consfdagnefia pegredied reye® ng | ayer can be 20

used. The magnetic recording | ayer may be so-cal l ed
g

granul ar nEF SFH R Eht YRt ie tREFhs fetfed as
crystalline grains re dispersed in film |

par t i Tut it ?grP?IH:é %Cg]s%“]o?r A" ST Y efW%%k”rlrewila?ht%ré casy
25 |inear recording density i s, gdefermped.byqa, o
mechatii sm°simdtar 10 %ha d# a coﬁ&entlond¥ nmedi a.

oAl RGeS Sl oo on

convepf i RN WBOER. an easy axis of magnetization is
oriented in an in-plane direction. It is preferable
that the magnetic recording layer is made of an alloy
consisting essentially of Co, for example, a CoPt
alloy, because high anisotropy can be attained. The
magnetic recording layer may contain oxide materials.
As the oxide materials, a Co oxide, a silicon oxide, a
titanium oxide can be used. Metal oxide, where the
metal consists of a magnetic recording layer can be
used.

The magnetic recording layer may be a so-called
granular media in which magnetic grains (magnetic
crystalline grains) are dispersed in a film. In
particular, in the case of a discrete track media, the
linear recording density is determined by a mechanism

similar to that of a conventional media. Thus, it is

preferable to use a granular media known to improve
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In the case of the patterned nedia shown in FIG 3,
the linear recording density is determ ned by
processi ng accuracy, that is, a magnetic |ayer other
5 than the granular filmcan be used. The magnetic
recording | ayer can include one or nore elenents
selected fromB, Ta, M, Cu Nd,.W Nb, Sm Tb, Ru,

and Re as well as Co, Cr, and oxide of them By
usi ng the above el enents, reductlon in the 10 size of

t he netlc raéns can be. ronntekgeocgonventlonal med A
crystattF T t 5T and ¢ ??é%?ailo% of Thent¥arbe T Hpr oVe
This {eads. to,1he, Lhes andread, pr
characterlitg%s andm?ﬁgr %dw$ty Suitable to hlgh

densidye I eLoL £ nﬁec&épngaééﬁglwgﬂgta@t@mirﬁé@l@L 15
|attice film where Co and noble netals such as Pt,

and Rsretes simgkaecedpicypnyhdt nes, @HWa@@eUS@dlaﬁeﬁ other

magnetic recording |ayer. An ordered all oy of

magnethan et leeregt an ¢ Sac hf abm Feamrb<€o)samd nobl e

el ements (such as Pt and Pd) can be used. 20 The :

magneti c reeerdpaget dyereraydbedalalieri canajegbgde one or

structure. Higher denS|t% recording can be achieyed

by usTHEF o€ +¥EHR Uf nfe 1 aye? nakiem of - t Wy dfOr e N, W, Nb,

magne ayers having different_magnetic

charaIFer*%tlég’e%%% %?h%? v ﬁ F2coTdi Py | Aferdndyoxide of

25 be y ec yers
ﬁrm WL ALY 08, O p&héﬁtg Fgéa*ueeléﬁa £ Sthe

and a on- mag ne ayers r exa

I n th&f@S@fo{héo{ﬂ%ﬁygw%rg@ggacamh@@ ﬁPorﬁ@té@ygf ks
32 inserted into a plurality of magnetic |ayers, the

anti -&epsoaBONeit ¢ exghangeneatpbh ngst exesmSchet weefmproved.

them and the |inear recording density can be inproved.
This leads to the improvement of write and read
characteristics and thermal stability suitable to high
density recording. A so-called magnetic artificial
lattice film, where Co and noble metals such as Pt,
and Pd are stacked for many times, may be used as a
magnetic recording layer. An ordered alloy of
magnetic elements (such as Fe or Co) and noble
elements (such as Pt and Pd) can be used.

The magnetic recording layer may be a multi-
layered structure. Higher density recording can be
achieved by using a recording layer made of two or
more magnetic layers having different magnetic
characteristics each other. The recording layer may
be made of a plurality of magnetic recording layers
and a plurality of non-magnetic layers. For example,

in the case of longitudinal media, when an Ru layer is
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This structure can be al so used for the present 5

i nvention. The thickness of the magnetic recording

|l ayer is preferably 2 nmto 60 nmor nore preferably
5 nmto 30 nm In this range, a magnetic recording
and reproduci ng apparatus suitable to high recording
10 density can be operated. If e thickness of the
magnetic recording layer is Tess“than 2 nm a read
out put becones | ow and a noi se beconmes high. If the

o oL TR G S COrR 1% 5 (b WG o Vet G nrre
15 i istorted 001 i
coor V1 1y ST et B E L B 10y o o e

Alm ( | r sV i ihan d.
23700%932‘?@%% 05 %%eeart h]ﬁeeét%%%gf iﬂ%ﬁ/ﬁft%ljﬁ o fgfove

degr aglets s<RIOLEES | v 1By ed1 50 Aiss @t £61 | ige | pyeseras
a function of preventing corrosion of a magnetic

recorthwgnhtiesth a and al so has a function of preventing
damage of a nedia surface when a nagnetic head cones ,

i nto cont aEtewibhchneedi af Phoonaarerial reeprehey layer 1s
protective |layer can include a material contajning C

Si - Npraigra B[inm £ 169 M iR ED| REEREfakhe ° o to
thi ckness of the protective nger 33.is_in the range

of 0.3 110 HintHR IR RN TINThe" Provedtived

b Gl 8 ARSI LS B0 £l B aaing,

a neqégngfgyb@aﬁe@gcggerated. If the thickness of the
magnetic recording layer is less than 2 nm, a read
output becomes low and a noise becomes high. If the
thickness of the magnetic recording layer exceeds
60 nm, a read output tends to be too high and waveform
is distorted.

It is preferable that the coercivity of the
magnetic recording layer is 237000 A/m (3000 Oe) or
more. If the coersivity is less than 237000 A/m
(3000 Oe), the thermal stability is degraded.

<Protective layer >

A protective layer has a function of preventing
corrosion of a magnetic recording media and also has a
function of preventing damage of a media surface when
a magnetic head comes into contact with a media. A
material for the protective layer can include a
material containing C, Si-N, Zr-0, and Si-N. It is

preferable that the thickness of the protective layer
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5 <Lubricant |ayer> As a |lubricant, for exanple, there
can be used a perfluoro polyether, a fluoro al cohol,
or a fluoro carboxylic acid and the |like. Additiona
advant ages and nodifications will 10 readily occur to
those skilled in the art. Therefore, the invention in
its broader aspects is not ILniésd to the specific
details and representati ve enbodinments shown and
descri bed herein. Accordingly, various nodifications

b d i thout d ti f th By
Scope Bf P nE GeRBPAF Thebnt| U8 bonkbpt 8o BEITRAG BT M
th ' . ' . . 4i s J e to
L, BESPLEE| LI P S g UL

medi ay, ; £ONRRESEPIrEQEAL RY, PALLEENS Qf sBaRBENBEEfieen a
| ayer h%V|ng 5 protrusionS and recesses correspondi ng

to treeks, an8ehVRe@0neEaAr bdatadgesas on a substrate
having a center hole; and spraying gas fl ow produced
by diffusi rguarlicgutdlagas>t oward the center hol e of
the substrate before or 10 after forning the patterns
of the maghet bclbhyeran?, The meemsdeacEbedengapobe used a
claim1, wherein an edge of the substrate of the

cent ePERBLEOFS PapERERST, 32 THEOKRL ROARRLor 8Fng fUCT°
claim1, wherein the liquid gas,is CO2, and is sprayed
into S2pPBEESLC i%lghﬁ e%gge?lg?'z to 5 atm 4. The
nmet hod accqrdi.ng to.claim1, er.eiyn 1-.quisd 9as 11
IS selectegd%ﬁ3ﬁppﬁé 6?336 ggﬁsié?ﬁngkgﬁflca%qo °

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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H2O, 02, SF6, CF4, and CHF3. 5. The net hod according
to claiml, wherein the 20 liquid gas is selected
fromthe group consisting of BCl3, CCl4, and CBrF3.

6. The met hod according to claim1, conprising:
coating a resist layer on a substrate having a center
hol e; 25 patterning the resist; etching the substrate
using the patterned resist as a*mask so as to form
patterns of protrusions and - 35 recesses; spraying
gas flow produced by diffusing a liquid gas toward the
center hole of the subdtidt &S §ﬁ@INg§b i‘ting a

recordi ng media incl udi a magpetic .5 layer,on th .
substrate.!7. ATE@B%?Eogg%d%%?%F%@{?Bl%?a?n?%?t%ﬁ%?gi%edla’
an %9 e of fhe_substrate of the center hole is

t apere PLg e nethod according to claim®6, wherein

the |iqui degas; e PRY L8 SPRAYSE: 1 Bt 02 fe PTRESS
10 chanberfggﬁl% éQtOeS atm 9. %%e netho%ﬁgccordin%

to cl@idm Bs e ediy theced s88li €o BBSspSnEEh@Ctedt s OR
the group consisting of H20, 02, SF6, CF4, and CHF3.

10. Thervethetkacsordhtng toned abm £, suber edve thevidd a
liquid gas is selected fromthe group consisting of
BC13,c&30lel; tamde CBx8. 11. The net hod according to
claim1, conprising: depositing a recording nedia L

i ncl udi ng arraghedi eas| ayer BRC ugﬁﬁsPya?éfga§ﬂﬂ@ g liquid

center hol e;
gas toward the center hole of the substrate before or

after forming the patterns of the magnetic layer.

2. The method according to claim 1, wherein an
edge of the substrate of the center hole is tapered.

3. The method according to claim 1, wherein the
liquid gas is COp, and is sprayed into a process
chamber set at 2 to 5 atm.

4., The method according to claim 1, wherein the
liquid gas is selected from the group consisting of
HyO, Oy, SFg, CF4, and CHF3.

5. The method according to claim 1, wherein the
liquid gas is selected from the group consisting of
BCly, CCly, and CBrF3.

6. The method according to claim 1, comprising:

coating a resist layer on a substrate having a
center hole;

patterning the resist;

etching the substrate using the patterned resist

as a mask so as to form patterns of protrusions and
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20 coating a resist layer on the recordi ng nedi a;
patterning the resist |ayer; etching the nedia using
the patterned resist as a mask; and spraying gas flow
produced by diffusing a liquid 25 gas toward the
center hole of the substrate. 12. The nmethod according
to claim11l, wherein an edge og the substrate of the
center hole is tapered. 36 13. Fhe net hod accordi ng
to claim1l, wherein the liquid gas is 002, and is

sprayed into a process chanber set at 2 to 5 atm 14.
The nMetfHotf Gtcording to claim 11, wherein 5 the

liquid gas c 0 f 1
26 02 cefe AT ARG HER PG ShRIPEPRELERETEy 2 iquid
to cl Qqé&waﬂ@e{ﬁénceﬁ@@r|H&Pédoﬁa§héss§§£€§£€Q f5Q87

the group consisting of BCl3, CCl4, and CBrF3 10 .

An appar at 4sp6 91 t PRYUS apt b L AIng RAEL er Dﬁdluﬂﬁdgaa magnetlc
conprising: a chanber whose internal pressure is

adj usiap e omnché nswhschatde patterned substrate or a
substrate having a patterned nmagnetic |ayer thereon

is placed,715 The @ﬁbﬁ@da@@Cﬁadlﬁg hoceheeh Rel ghegein an
cylinder which stores a lig press

r egul 249 ?%g@W%t?%@S%ﬁ%?%s%ﬁr%h%fc?%EerIPaﬁ?dlﬁagapered

and a nozzé iOVIded the ¢ con

20 to spra h?l%ﬁFB?gdﬁﬁgara§nal uggﬁémt%ég%ﬁareén the
gas tfmarddtggscfgtgézhogngf thSr§998t5§£8 a process

chamber set at 2 to 5 atm.

9. The method according to claim 6, wherein the
liquid gas is selected from the group consisting of
H»0, Op, SFg, CFg, and CHF3.

10. The method according to claim 6, wherein the
liquid gas is selected from the group consisting of
BCl3, CClyg, and CBrFg3.

11. The method according to claim 1, comprising:

depositing a recording media including a magnetic
layer on a substrate having a center hole;

coating a resist layer on the recording media;

patterning the resist layer;

etching the media using the patterned resist as a
mask; and

spraying gas flow produced by diffusing a liquid
gas toward the center hole of the substrate.

12. The method according to claim 11, wherein an

edge of the substrate of the center hole is tapered.
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13. The method according to claim 11, wherein
the liquid gas is COp, and is sprayed into a process
chamber set at 2 to 5 atm.

14. The method according to claim 11, wherein
the liquid gas is selected from the group consisting
of Hp0, Oy, SFg, CF4q, and CHF3.

15. The method according to claim 11, wherein
the liquid gas is selected from the group consisting
of BClz, CClyg, and CBrFj3.

16. An apparatus for manufacturing a patterned
media, comprising:

a chamber whose internal pressure is adjustable
and in which a patterned substrate or a substrate
having a patterned magnetic layer thereon is placed,
the substrate having a center hole;

a cylinder which stores a liquid gas;

a pressure regulator regulating a pressure of the
liquid gas; and

a nozzle provided in the chamber and configured
to spray gas flow produced by diffusing the liquid

gas toward the center hole of the substrate.



