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-1 TITLE OF THE INVENTION METHOD FOR MANUFACTURING
SUBSTRATE FOR DISCRETE TRACK RECORDING MEDIA AND
METHOD FOR MANUFACTURING DISCRETE TRACK RECORDING
MEDIA 5 BACKGROUND OF THE INVENTION One embodiment of the
present invention relates to a method for manufacturing a substrate for a
discrete track recording media and a method for manufacturing a discrete
track recording media. 10 In improving track density of a hard disk drive
(HDD), the problem of interference with adjacent tracks has become
obvious. In particular, a reduEtibh ntwrAteEblUNGEE Ta @Nringe effect of a

e o et Sl an perant sl o, AJe dosee,

track recording media media)

physicallycseparatad-can redycasa sider-erase phanemengn atthe imeg -

writing, and a side-read phenomenon that information of adjacent tracks
are mpiet-lp BEtheimécoffeading, and the 20 like. Consequently, it is

possible to greatly impr density, which can provide a
magnetic recording me%\?é%grggém‘gh%gﬁ gn%iWF&%ng IS possible.

Methods for mmanufastsdings DTHR media masialy, 25 include;a method of -

magnetic film etching type and a method of substrate etching type: The
methé®fot RfdnuPactifng eeDTRemedialofanagnetic file etching

discrete track recording media and a method for
manufacturing a discrete track recording media.

- In improving track density of a hard disk drive
(HDD) , the problem of interference with adjacent
tracks has become obvious. 1In particular, a reduction
in write-blur due to a fringe effect of a write head
magnetic field is an important technical problem. A
discrete track recording media (DTR media) in which
recording tracks are physically separated éan reduce a
side-erase phenomenon at the time of writing, and a
side-read phenomenon that information of adjacent
tfacks are mixed up at the time of reading, and the
like. Consequently, it is possible to greatly improve
the track density, which can provide a magnetic
recording media onto which high-density recording is
possible.

Methods for manufacturing a DTR media mainly
include a method of magnetic film etching type and a
method of substrate etching type. The method for

manufacturing a DTR media of magnetic film etching
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2 type involves a large number of manufacturing steps and is thus
expected to increase costs. On the other hand, a method for
manufacturing a DTR media of substrate etching type is suitable for mass
5 production; the method first manufactures a substrate having
protrusions and recesses and deposits a magnetic layer on the substrate
by a sputtering method as is the case with the prior art. However, in a

DTR media manufactured in accordance with the method of 10 substrate

etching type, the top surfaces of the protrusions are inferior in flatness. It
is thu§ vaifficuitte jperform weiteoand e operations wsing arhead withp s

low flgng hieightt Ifa DTR mtedi is_directly manufactured by the method
of substraté 15 gt%ﬁin%ﬁ%é: includibg ah it iting Héthod, Burfsihag the

- created atithesedges oftheprotiusions-This-may -affect sybseguent

deposition of a magnetic film to preclude the tops of recording tracks from
retainfig flatmess. ¢t DR medig is mapufactired Byothen2@ method of

substratg (gt%tyng ,tl),(pec, a mrglec;tqgélg n%aterlal deposited on a remainin

. ] g
resist that has failed to be Temoved may be paeted 6ff Whfth“degtages ate
head gliski infefface (dBleJpnaRat. Anple. KQKA Publication No,

2004-79992 25 discloses a semiconductor manufacturing process in

whicHésrtamisatiryypartielestdre renwiovedatyea boryegepictalearing method

pmmeggQEyQ£¥?%gE%r%¥%HK%%e prior art. However, in a DTR
media manufactured in accordance with the method of
substrate etching type, the top surfaces of the
protrusions are inferior in flatness. It is thus
difficult to perform write and read operations using a
head with low flying height. If a DTR media is
directly manufactured by the method of substrate
etching type including an imprinting method, burrs may
be created at the edges of the protrusions. This may
affect subsequent deposition of a magnetic film to
preclude the tops of recording tracks from retaining
flatness. If a DTR media is manufactured by the
method of substrate etching type, a magnetic material
deposited on a remaining resist that has failed to be
removed may be peeled off, which degrades a head disk
interface (HDI).

Jpn. Pat. Appln. KOKAT Publication No. 2004-79992

discloses a semiconductor manufacturing process in

which contaminating particles are removed by a

cryogenic cleaning process using CO, after chemical
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3 mechanical polishing (CMP) of a semiconductor material. In this
method, liquid CO2 is jet sprayed through a specially designed nozzle, for
example, under a pressure of 850 psi (5.8 MPa) at 25C. The 5 liquid 002
is jet sprayed in an atmospheric pressure, and thus is rapidly expanded
and evaporated into gaseous C02. Further, with lowering of temperature,
part of the gaseous C02 forms carbon dioxide_.snow containing solid and
liquid C02. The flow of the 10 gaseous and solid C02 is directed to the
wafer surface using the nozzle. Cryogenic particles that reach the wafer
surfacecat a highrspésd-and totlideCkith contamiratingcpaiticles:can

overc mee‘?‘:%'?aePiO”O%W}% fgntammaéing particles to the wafer surface

throug 15 transfer of momientUM between tHE e Sghic partitfess iy €4

contagtinatingpartisies: and cangemeye-the, gontaminating parficles |
directly. In Jpn. Pat. Appin. KOKAI Publication No. 2004-79992, however,

contatif&tin G pariefes tbcheoferfdled ate abmost20 0.3 m irb¥ize. Brrs

that rrie}Lyq{lelsélltg&om J@ge .M ngfarcture of a DTR media using a method of
substrate etching‘type ate mich farger tHantho8& 5 BRYBidvear fF Joe -

Pat. Appin tKOKAI Puklisationy No: 2004-7992, sFurher, the byrrs to be

removed are composed of the 25 same material as that of the substrate.
This PrEdGdes tHeoburrs Wbt Béingrehiovieely €S Patent Nenf;853;962¢ ,

deq§§§éig@ﬂ¥%%aggseous COp forms carbon dioxide snow

containing solid and liquid COs. The flow of the
gaseous and solid COp is directed to the wafer surface
using the nozzle. Cryogenic particles that reach the
wafer surface at a high speed and collide with
contaminating particles can overcome adhesion of the
contaminating particles to the wafer surface through
transfer of momentum between the cryogenic particles
and contaminating particles, and can remove the
contaminating particles directly. 1In Jpn. Pat. Appln.
KOKAI Publication No. 2004-79992, however,
contaminating particles to be removed are at most

0.3 pm in size. Burrs that may result from the
manufacture of a DTR media using a method of substrate
etching type are much larger than those to be removed
in Jpn. Pat. Appln. KOKAI Publication No. 2004-7992.
Further, the burrs to be removed are composed of the
same material as that of the substrate. This
precludes the burrs from being removed.

US Patent No. 5,853,962 discloses a method and
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semiconductor using liquid carbon dioxide snow. However, an incomplete
result was obtained from an attempt to remove burrs from a 5 substrate
after an imprint step using the apparatus described in U.S. Patent No.
5,853,962, The cause is expected to be similar to that of the
disadvantage of Jpn. Pat. Appln. KOKAI Publication No. 2004-79992.
BRIEF SUMMARY OF THE INVENTION 10 According to one
embodiment of the present invention, there is provided a method for
manufaehirirg 8 Substrateefor aldiscete traclk secordingl mediapthei ted

methqrgag%rpgriﬁing: forming an_imprint resist layer on a substrate;
imprinting, on 15 the ?m%rir?t% resist Tayer, & staniperFormet it daterns of

protrusionsiand eecesses gowespending to Jecqrding track zones an
servo zones to transfer the patterns of protrusions and recesses to the

imprirftPresist $ay et fémaving therstamper fremdhe imprint 2@ resistlayer;
and diffusing liquefied CO2 in a process chamber set at a pressure of 2 to
5 atm, diffusing L%iqﬁfﬁéé H20 i the procesS EhAMbBF sé'4t & Predstire s

of 0.0d4e dratme,ridiffusing ateactive gas selegcted Jrom a group. . <o is
consisting of liquefied CF4, CHF3, SF6, 25 and 02F6 in the process
chamB&Psé&t-&an-arbitars/ Pidssuré totjeespray thé tiquefiedigas oateao

surface of the SUbSIAIS ., kokaT Publication No. 2004-7999%.
BRIEF SUMMARY OF THE INVENTION
According to one embodiment of the present

invention, there is provided a method for
manufacturing a substrate for a discrete track
recording media, the method comprising: forming an
imprint resist layer on a substrate; imprinting, on
the imprint resist layer, a stamper formed with
patterns of protrusions and recesses corresponding to
recording track zones and servo zones to transfer the
patterns of protrusions and reéesses to the imprint
resist layer; removing the stamper from the imprint
resist layer; and diffusing liquefied CO5 in a process
chamber set at a pressure of 2 to § atm, diffusing
liquefied Hp0O in the process chamber set at a pressure
of 0.01 to 1 atm, or diffusing a reactive gas selected
from a group consisting of liguefied CFy, CHF3, SFg,
and CpFg in the process chamber set at an arbitrary
pressure, to jet spray the liquefied gas onto a

surface of the substrate.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated in and constitute a
part of the specification, illustrate embodiments of the invention, and
together 5 with the general description given above and the detailed
description of the embodiments given below, serve to explain the
principles of the invention. FIGS. 1A,-1B,51C,-1D, and 1E are diagrams
showing exemplary processes for manufacturing a DTR substrate 10 and
a DTR media using a method of a substrate etching type according to an

embodifment of the Present ihvehtibRE FIBY Bidh SChefatitviBwWrsHOwiig NG

a liquefied %%19558%%9@599@#%%%‘&3%sore%%”lté'n‘l"%”r“eo”inw G atea

3A, 3B, 3C, 3D, and 3E are diagrams showing exemplary proce%gég or

manufactaring @D Risubstrate pand ad¥TR mediadising a metbad of
substrate etching type according to a second embodiment of the present

invention"86 F16S. 2ACABLARA4C Gfe BikyramE shbwing @(éfnﬁl@_@;ﬁthef
procepses fenaguiastying a IR subsirate; and a PTR media uging a

method of substrate etching type accordingto a third embodiment of the
preseit tinvéntiomeandr2p E1GS. 5A, 5Be 5EnSR) anshak a@@ﬂ@gr@mow,
showing exemplary processes for manufacturing a DTR media if the

presetit iventionSéuiseéd ol fiffofP 6l nciples of the invention.

FIGS. 1A, 1B, 1C, 1D, and 1E are diagrams showing
exemplary processes for manufacturing a DTR substrate
and a DTR media using a method of a substrate etching
type according to an embodiment of the present
invention;

FIG. 2 is a schematic view showing a liquefied
gas Jjet spraying step used in the present invention;

FIGS. 3A, 3B, 3C, 3D, and 3E are diagrams showing
exemplary processes for manufacturing a DTR substrate
and a DTR media‘using a method of substrate etching
type according to a second embodiment of the present
invention;

FIGS. 4A, 4B, and 4C are diagrams showing
exemplary processes for manufacturing a DTR substrate
and a DTR media using a method of substrate etching
type according to a third embodiment of the present
invention; and

FIGS. 5A, 5B, 5C, 5D, and 5E are diagrams showing
exemplary processes for manufacturing a. DTR media if

the present invention is used for liftoff.
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DETAILED DESCRIPTION OF THE INVENTION The present inventors
assumed that a failure to effectively jet. spray a liquid through nozzles is
the cause of failure of conventional techniques Lo 5 effectively remove
burrs that may result from a process of manufacturing a DTR using a
method of substrate etching type. The present inventors have found
through their devoted studies that adjustigg the pressure in a process
chamber during a jet spray step 10 enables burrs to be removed more
effectively than the conventional techniques. Specifically, the present

inventors have fotlnd/thatthelictietied JadisOpreférabhjeE 8prayed onto
a surface of  subsiale by iy the progess chambersoizs

follows: 15 liquefied 002 is diffused in the process chamber se

pressufef of 2 10 &latm, diguefied 120 is diffusednindhepracess ehamber 1o
set at a pressure of 0.01 to 1 atm, or a reactive gas seleg:ted from a group
consiStig 6f fqueffet CE4, EHF3'SFEB) G @2F6 ¢ Poidiffased in the

brocess GhAMNASP! ALAB AIDIANY pregsure, IGS, 14, 113, 1€, ID. and

1E show processes for manufacturing a su strate and a media
whictphave protrisioas anedrecesses usingra methed of subsirate 25
etching type according to a first embodiment of the present invention. As

showii 1 YWIG. “EA St idprint 788kt layBra 20Fesent inventors have

found through their devoted studies that adjusting the
pressure in a process chamber during a jet spray -step
enables burrs to be removed more effectively than the
conventional techniques. Specifically, the present
inventors have found that the liquefied gas is
preferably jet sprayed onto a surface of a substrate
by diffusing it in the process chamber set as follows:
liquefied COp is diffused in the process chamber set
at a pressure of 2 to 5 atm, liquefied Hy0 is diffused
in the process chamber set at a pressure of 0.01 to

1 atm, or a reactive gas selected from a group
consisting of liquefied CF4, CHF3, SFg, and CpFg is
diffused in the process chamber set at an arbitrary
pressure.

FIGS. 1A, 1B, 1C, 1D, and 1lE show processes for
manufacturing a substrate and a DTR media which have
protrusions and recesses using a method of substrate
etching type according to a first embodiment of the
present invention.

As shown in FIG. 1A, an imprint resist layer 12



is formed on a substrate 11. Then, a stamper, having recording tracks
and servo information by forming patterns of protrusions and recesses
thereon, is pressed onto the imprint resist layer 12 on the 5 substrate 11
under a pressure of 2,000 bar for 60 minutes. The patterns are thus
transferred to the imprint resist layer 12 (imprint step). The imprint resist
12 may be spin-on-glass (SOG) that conveyts into SiO2 when baked at
high 10 temperature, an aluminum alkoxide or aluminum oxide
particulate-dispersed resist that is aluminized by exposure to oxygen or a

high-teinpefattire firing prosesss oractianium oxiderparicuatengispersadving

resist that is titanialized by exposure to oxygen or a 15 _high-temperatqre
baking Pr66es5t A& showdkin FIGT 182 after tHefipaptint Stap, the ftampey
13is rem%\{eedrfromotpe img{int resist layer 12 to obtain a substrate on

which the imprint resist layer 12 1S FormedC tHe it FediSRaF& Havirig

20 the pattemns-ofdhe protrusionsand recesses ttransferred theygony,
When the stamper 13 is removed, burrs may be formed on the edges of

Sthe patterns of aretrlisions derthe impentresistddyer 120 Remavifg the
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burrs is very difficult, and incomplete removing 25 results from the

conventionai-fethRfues deRchBd fF 3pna Bat. Wb, KORAF PhBRehtion the

No. 2004;79892 and J3- RatgntNgo5.858,95%¢ 85 ep) .

The imprint resist 12 may be spin-on-glass (SOG)
that converts into SiOp when baked at high
temperature, an aluminum alkoxide or aluminum oxide
particulate-dispersed resist that is aluminized by
exposure to oxygen or a high-temperature firing
process, or a titanium oxide particulate-dispersed
resist that is titanialized by exposure to oxygen or a
high-temperature baking process.

As shown in FIG. 1B, after the imprint step, the
stamper 13 is removed from the imprint resist layer 12
to obtain a substrate on which the imprint resist
layer 12 is formed, the imprint resist layer having
the patterns of the protrusions and recesses
transferred thereon. When the stamper 13 is removed,
burrs may be formed on the edges of the patterns of
protrusions on the imprint resist layer 12. Removing
the burrs is very difficult, and incomplete removing
results from the conventional techniques described in
Jpn. Pat. Appln. KCKAI Publication No. 2004-79992 and

U.S. Patent No. 5,853,962.
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The method according to the first embodiment of the present invention
removes burrs on a substrate having protrusions and recesses using a
liquefied gas jet spray step of jet spraying a liquefied gas in a 5 chamber
set at a predetermined pressure as shown in FIG. 1C. FIG. 2is a
schematic view of the liquefied gas jet spraying step according to this
embodiment which is performed in FIG. 1C. A liquefied gas jet spraying
10 apparatus 20 comprises a liquefied gas jet spraying nozzle 22
connected to a high-pressure cylinder 21. The liquefied gas jet spraying
nozzle can jét'spray ahfiquefietbgas. ogtocburrs ena substeate havinght o f
protru pens and recesses at a desired pressure. When 15 an attempt is

made o femova burrs ISR the cdriventivnatethfiigus sifte Earssre
dioxideds jely sprayed in a-process chamber at the %BO%F)'I%F&QE%%%”%S
(1 atm), liquid CO2 evaporates in the process chamber simultaneously

with the fet Spraying LFhis 20 dliows pnbyygaseous1G02: and solid H02ite be
jet sp(r:%%?ndbggto '[g:e baurrs. The Bresent inventors have found that setting
the pressure in the chamberat @ prédetehfmedd pressire, specificay af
least 2 atm, 1enables more liquid CO2 to be jet sprayed onto the 25 burrs
than the conventional techniques together with a small amount of dry ice.
The present iffentersitave sialisfountcthat the alfoveneperation enables: s
remov,ing 9 . i . .

Jet sprayilng step according to this embodiment which
is performed in FIG. 1C. A ligquefied gas jet spraying
apparatus 20 comprises a liquefied gas jet spraying
nozzle 22 connected to a high-pressure cylinder 21.
The liquefied gas jet spraying nozzle can jet spray a
liquefied gas onto burrs on a substrate having
protrusions and recesses at a desired pressure. When
an attempt is made to remove burrs using the
conventional techniques, since carbon dioxide is jet
sprayed in a process chamber at the atmospheric
pressure (1 atm), liquid COp evaporates in the process
chamber simultaneously with the Jjet spraying. This
allows only gaseous COp» and solid COo» to be jet
sprayed onto the burrs. The present inventors have
found that setting the pressure in the chamber at a
predetermined pressure, specifically at least 2 atm,
enables more liquid CO» to be jet sprayed onto the
burrs than the conventional techniques together with a

small amount of dry ice. The present inventors have

thus found that the above operation enables removing
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the burrs on the substrate having protrusions and recesses, which cannot
be achieved by the conventional techniques. For example, burrs on a
substrate having 5 protrusions and recesses are successfully removed by
jet spraying liquid CO2 with the pressure in the process chamber set
between 2 and 5 atm (0.2 and 0.5 MPa). Setting the pressure in the
chamber at 5 atm or higher is not preferable in terms of the 10 safety of
chamber operations. Instead of carbon dioxide, water vapor or a reactive
gas may be used as the liquefied gas. With its phase diagram taken into

accountCed&T iGuéfied: tasis jetsprayed: H‘]Vt%gct%’fﬁlﬁéﬂv@ét%f_éuéﬁ% 15
bressite s & lows fe-gas [o.hg Jetaprayed agd, sod or2 laud g o

amount of which is larger than that in the prior art. r example,
waterbaporianemoval effect similar to that achieved with carbon dioxide

is 20 attained by jet spraying a water vapor gas with the pressure in the
process chaniberF8aliEed to B0H1%0°0. EMPE HWheir SHE2 Blredctive

gas, is J6t sprayed.as 3 liquefied.gas, ahurt remoying effect is attained,
25 without the need to adjust the pressure in the ¢ arr]%ﬁer%n partlcu?ar, Y
sprayjettingcSE6 is: comipatible adth SQGhused as apdmprint resistand 10
) process chamber set between 2 and 5 atm (0.2 and

0.5 MPa). Setting the pressure in the chamber at

5 atm or higher is not preferable in terms of the

safety of chamber operations.

Instead of carbon dioxide, water vapor or a
reactive gas may be used as the liquefied gas. With
its phase diagram taken into account, each liquefied
gas 1s jet sprayed in the chamber set at such a
pressure as allows the gas to be jet sprayed as a
solid or a liquid the amount of which is larger than
that in the prior art.

With, for example, water vapor, a removal effect
similar to that achieved with carbon dioxide is
attained by jet spraying a water vapor gas with the
pressure in the process chamber reduced to 0.001 to
0.1 MPa.

When SFg, a reactive gas, is Jjet sprayed as a
liquefied gas, a burr removing effect is attained
without the need to‘adjust the pressure in the
chamber. 1In particular, spray jetting SFg is

compatible with SOG used as an imprint resist and



enabled burrs to be properly removed. After the burrs are removed, the
substrate having the protrusions and recesses from which the burrs have

been removed as shown in FIG. 1D is fired at a high 5 temperature of at

least 450C or subjected to an oxygen exposure process to maintain a

shape of the substrate having protrusions and recesses from vv_hi_ch the

burrs have been removed. If SOG is used as an_imprint resist, |_t is

converted into Si02 by the 10 baking process. This step results in a

substrate having protrusions and recesses in which top surfaces of .
protrusionscarecappropriately fiss. plteribe apovermsoeess, as shown in

FIG. 1E, a metal thin film 14 is deposited on the substrate 15 having
protrusions arftfre@Es$ES BT kRich e bafre Vhave bben Tg@ﬂj&aving
metal thin fil Is . depasited by a common deposition method for a
recordiggemg‘éﬁquiglf geigrr%]spléa,na% sﬁ&t?eerlsnsger%e?n% . éﬁ%etﬁﬁlﬁ]iﬂ?‘ﬁf‘fﬁs have
14 maybe - leagitudinal-0r 20nperpendicalas filmpThe pespengicylar filg,

is preferably used as the metal thin film 14 in order to achieve

5 high-dérsityTaasrairy. After eposition 4F 0k metal thinditrckd, 8o an
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protective layer 15 may be deposited on the metal thin film 14. 25 For
examp?e%%géﬁlRerﬁgai KWith BSETCRMY addfustéd tbabdut 4K Kast the

manufaclyad-ay 8 methed of bisiials siebing iyPedn.bicha slagk of s cn
° the burrs have been removed. If SOG is used as an
imprint resist, it is converted into Si0p by the
baking process. This step results in a substrate
having protrusions and recesses in which top surfaces
of protrusions are appropriately flat.

After the above process, as shown in FIG. 1E, a
metal thin film 14 is deposited on the substrate
having protrusions and recesses from which'the burrs
have been removed. The metal thin film 14 is
deposited by a common deposition method for a HDD
recording media (for example, a sputtering method).
The metal thin film 14 may be a longitudinal or
perpendicular film. The perpendicular film is
preferably used as the metal thin film 14 in order to
achieve high-density recording. After deposition of
the metal thin film 14, a protective layer 15 may be
deposited on the metal thin film 14.

For example, a DTR media with coercivity adjusted
to about 4 kOe was manufactured by a method of

substrate etching type in which a stack of the



following was formed on the etched substrate: 60 nm of CoZrNb_as a soft
underlayer, 20 nm of Ru as an underlayer for controlling orientation, 20
nm of CoCrPt with the addition of a small amount of Si02 as 5 a
ferromagnetic recording layer, and 4 nm of diamond- like carbon (DLC) as
a protective layer. The DTR media manufactured by the method of
substrate etching type was subjected to RAN evaluations. Cle_ar read gnd
write signals were obtained using a read-write head of 10 designed flying
height of 12 nm. No acoustic emission (AE) signal was observgd over the
disk surfa¢é.chhisdndicatescthatthedd TReediadnanufaghedite: 60 nm of
accordance with a method of substrate etching type according to the first
embodimérit'6t tRe presenf inventies LB Ras a2fdodHBE Now asiten

refere 3A,.3B, 3C, 3D d 3E, description will be given of
procegls&e‘?isCE %)Ei% ﬁﬁfa%?urrincéog %"I%?trﬂnle%‘?a aﬁﬁﬁﬁgﬁgﬁ%ﬂ’o J&fatf

etchingtype pecarting to.a seeend embodimentofhe 20BIESEN s s10, as

invention. The method according to the second embodiment of the
S presengintentiomisasimilactorthedirsti embigiment iarthe steps parfarmeatond-

until the stamper is removed from the imprint resist layer. FIG: 3A 25
corresgoln%% tg%ﬁg Qlib<tPits in #1621 B Mthe hathodaesrding ke theTR

i;cmﬂ%%@PQdm%ﬂﬂfgé@ﬁfggsﬁyi@ﬂ%“ﬁ@tﬂiQ4g9“§%%%%%g émgéghing

type was subjected to R/W evaluations. Clear read and

write signals were obtained using a read-write head of
10 designed flying height of 12 nm. No acoustic emission
(AE) signal was observed over the disk surface. This
indicates that the DTR media manufactured in
accordance with a method of substrate etching type
according to the first embodiment of the present invention
15 has a good HDI.

Now, with reference to FIGS. 3A, 3B, 3C, 3D, and
3E, description will be given of processes for
manufacturing a DTR media using a method of substrate
etching type according to a second embodiment of the
20 present invention.

The method according to the second embodiment of
the present invention is similar to the first
embodiment in the steps performed until the stamper is

removed from the imprint resist layer. FIG. 3A

25 corresponds to the substrate in FIG. 1B.

Tw
4L

1 the method according to the second embodiment of

the present invention, high-temperature baking at
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450C or higher or a oxygen exposure process is performed without
removing burrs to maintain a shape of protrusions and recesses such as
the one shown in FIG. 3A. Subsequently, a metal thin film 34 is 5
deposited on the substrate having protrusions and recesses as shown in
FIG. 3B. The burrs shown in FIG. 3B have their surfaces coated with the
metal thin film 34. It is thus very difficult {¢ remove the burrs using the
apparatus 10 described in U.S. Patent No. 5,853,962. Thus, as shown in
FIG. 3C, a liquefied gas jet spraying step is performed using a liquefied
gas jét Eplaying dpparatus® 20sHowiTin FIG: i, aists the case withsthe

first newp?gimen . This_enables removal of not only the 15 burrs but also
the m%()atal thin i r% gé&os?t%a%i orneIt%OeVJbr&?rs%.) Kﬁérsthééobﬁﬁ%,%g tEmovEaaR e

protectivefilat 35 sis cleposited asshownsinsklG, 35 Thestepshawnin 1
FIG. 3E results in a magnetic recording media with 20 appropriately flat
protrusiGins. For exaiipie e protoctiverfirhds forhied 6fDRC34ndsa

lubricgnt is applied to th%‘vprot_ ctive film. A_DTR media is then
manufac%ured in"accor ances\lf(\e/kﬁtﬁ\éar?ﬁ:eeth%a\6%%%bgﬁgfceréltscﬁﬁlrésty%%he
DTR mecdhas 26 snarufastured im accordange with a method of substrate
etching type is subjected to R/W evaluations using a read-write head with

adeggnedﬂWﬁgﬁéEﬁﬁo$@8wn in FIG. 3B have their surfaces

coated with the metal thin film 34. It is thus very
difficult to remove the burrs using the apparatus
described in U.S. Patent No. 5,853,962. Thus, as
shown in FIG. 3C, a liquefied gas jet spraying step is
performed using a liquefied gas jet spraying apparatus
20 shown in FIG. 2, as is the case with the first
embodiment. This enables removal of not only the
burrs but also the metal thin film deposited on the
burrs.

After the burrs are removed, a protective film 35
is deposited as shown in FIG. 3E. The step shown in
FIG. 3E results in a magnetic recording media with
appropriately flat protrusions.

For example, the protective film is formed of DLC
and a lubricant is applied to the protective film. A
DTR media is then manufactured in accordance with a
method of substrate etching type. The DTR media
manufactured in accordance with a method of substrate
etching type is subjected to R/W evaluations using a

read-write head with a designed flying height of



12 nm. Then, clear read and write signals are obtained. No AE signal is
observed over the disk surface. This indicates that the DTR media
manufactured in accordance with a manufacturing method of substrate
etching type 5 according to the second embodiment of the present
invention has a good HDI. The method of the present invention can be
used for a method of substrate etching typgfor manufacturing a _
substrate and a DTR media which have protrusions and 10 recesses in
which ion milling is used. With reference to FIGS. 4A, 4B, and 4C,

descriptidnwill belgiwen of lpracessesi formanufacturinga substate and &ined.
DTR media which have protrusions and recesses using a method of

substralé etéhifig W5 adcoreift’adhird embetimens K softhreqsresefib i s

[ tign. T eth cordin the third embodiment of the present
:mgzt:gﬁ?} %%n%srt t§ t gegfi%tl%m %%di%ee(#t Sin'the us?gf):st B&RGrmB8d AntPEence

stamperiis iesoved droa tthe i mprint ¥esist @Yeédﬁyﬂ‘%eﬁ)ﬁgseemching type
embodiment, a 20 common photo resist (for example, S1801 _

S manuf&&GrtiBy: SSHipley) mayebenbeehddrn imptinbresiste Reastive ion
etching (RIE) is used to remove the resist residue in the recesses in the
imprint redis féLy%IFf AT whidl? it %ﬁ?&mper has been removed. 25 The

substrate 41 frorp which the 5%3@%@%%%@%% bx%e\pe%etni]%\rlle%jasndge used
etched using ion beams of, for - 14

for a method of substrate etching type for manufacturing

a substrate and a DTR media which have protrusions and
10 recesses in which ion milling is used. With reference
to FIGS. 4A, 4B, and 4C, description will be given of
processes for manufacturing a substrate and a DTR media
which have protrusions and recesses using a method of
substrate etching type according to a third embodiment
15 of the present invention.

The method according to the third embodiment of
the present invention is similar to the first embodiment
in the steps performed until the stamper is removed from
the imprint resist layer. 1In the present embodiment, a
20 common photo resist (for example, S1801 manufactured by
Shipley) may be used as an imprint resist. Reactive ion
etching (RIE) is used to remove the resist residue in
the recesses in the imprint resist layer from which the
stamper has been removed.

25 The substrate 41 from which the resist residue has

been removed is dry etched using ion beams of, for
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example, An ions, as shown in FIG. 4A. In this step, the remaining parts

of the imprint resist layer 42 are not etched and remain because the resist
serves as a mask. These parts become protrusions. On this 5 occasion,
the particles of the substrate material in the etched recesses adhere to

the edges of the resist in a small quantity. After the dry etching, as shown
in FIG. 4B, a liquefied gas jet spraying step is_performed using the 10
liquefied gas jet spraying apparatus 20, shown in FIG. 2, as is the case
with the first embodiment. On this occasion, those particles of the
substfatéTmbteridhin irefocessesiwhich adhérecto the resist edges aresp,

remo%%detorgeetger with the bgrred imprint 15 resist 42. The liquefied gas
jet spraying Step resuitsin’a Substrat8havily appropriately flafyer 42 are
protrusionssas sBewn:ia FIGn4C, Rystherna magaetic tecording media in

which top surfaces of protrusions are appropriately flat is 20 obtained by
perfofiifg-a stepesfdepositingea peetal phintfilmsantha protective fikm as is
the case with I;IG.tiLghis step ii not shown). The method of the present
invention is als0’ applicable to & Iiftoff proctss SWAthrefdrenta 15 95 L 1n

FIGS:bA, 5Bchea5beand ks degcaption will be aiven.below @f o o5 ¢
processes for manufacturing a DTR magnetic recording media using a

methdd of sebstiate RNty .

After the dry etching, as shown in FIG. 4B, a
liquefied gas jet spraying step is performed using the
liquefied gas jet spraying apparatus 20, shown in
FIG. 2, as 1is the case with the first embodiment. On
this occasion, those particles of the substrate
material in the recesses which adhere to the resist
edges are removed together with the burred imprint
resist 42. The liquefied gas jet spraying step
results in a substrate having appropriétely flat
protrusions as shown in FIG. 4cC.

Further, a magnetic recording media in which top
surfaces of protrusions are appropriately flat is
obtained by performing a step of depositing a metal
thin film and a protective film as is the case with
FIG. 1E (this step is not shown).

The method of the present invention is also
applicable to a lift off process. With reference to
FIGS. 5A, 5B, 5C, 5D, and 5E, description will be
given below of processes for manufacturing a DTR

magnetic recording media using a method of substrate
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etching type involving a lift off process using the present invention. As
shown in FIG. 5A, a stamper 53 is pressed to a substrate 51 on which an
imprint resist layer 52 has 5 been formed for patterning. Patterns of
protrusions and recesses are thus transferred to the substrate. Then, as
shown in FIG. 5B, RIE with oxygen is performed on the substrate from
which the stamper has been removed. Remaining resist at the bottoms of
the 10 recesses of the resist is removed. In FIG. 5B, burrs may result
from removing of the stamper but are not shown. PIE results in the
substPate Tt WhIER the remainingaresist has beenrenrovedias showndn

FIG. (f:éégnschoi/vrpvien FIG. 5D, a magnetic material 55 is 15 deposited on

t . : .
the stibstrate obtained. The magnetic material adheres to the edges of

the protrusions emdhe imprint resistAayer showpn-FIE3 SR. Thisssed to a
precludes the imprint resist from being removed by oxygen RTE. 20

ThusS&8 héwhdn EﬂGQBEvﬂﬂ'é?éul%trét@@\iwmcheﬂ@ma@ﬁeﬁc nateriab
> hageagen depasiiadis sublegied to.a lauglied gas Jet Shrayng Xl

using the liquefied gas jet%%raylng %1%%aratus Shéwn in , as’Is

the caseiwithdbe disst embodiment: 25306 -isdused as an impsint kasist,
jet sprayed gas is preferably SF6. This step enables the liftoff of the .
magnetic matetial adferfiPte thetopsandb&dgesief Wi h oxygen is

performed on the substrate from which the stamper has
been removed. Remaining resist at the bottoms of the
recesses of the resist is removed. In FIG. 5B, burrs
may result from removing of the stamper but are not
shown. RIE results in the substrate from which the
remaining resist has been removed as shown in FIG. 5C.

As shown in FIG. 5D, a magnetic material 55 is
deposited on the substrate obtained. The magnetic
material adheres to the edges of the protrusions on
the imprint resist layer shown in FIG. 5D. This
precludes the imprint resist from being removed by
oxygen RIE.

Thus, as shown in FIG. 5E, the substrate on which
the magnetic material 55 had been deposited is
subjected to a liquefied gas jet spraying step using
the liquefied gas jet spraying apparatus 10, shown in
FIG. 2, as is the case with the first embodiment. If
SOG is used as an imprint resist, jet sprayed gas is
preferably SFg. This step enables the liftoff of the

magnetic material adhering to the tops and edges of
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the imprint as well as the imprint resist. This step results in a DTR media
having the zones formed of magnetic material separated from each other.

A lift off process using a conventional resist 5 removing liquid (for

example, NMP) involves dust generation attributed to a wet process and
thus significantly degrades HD |. However, as described above, the
method of the present invention can simultaneously remove dust and

thus enables a lift off 10 process for a DTR media which has been
impossible in the prior art to be performed. Description will be given

below bf fatBRAIS Useds forahe layersiof magnstitrecording mediaas step

well as. the stack structure.of each layer according to the i5 embodiment
of the present inventi%ngk l%es?% eaﬁ{aél%élrﬁpfél%eofzacgi?ﬁstra?éffﬁ&uﬂé a

glass substrate camAt-based alley substrates ageramig, syubstrate, a
carbon substrate, and an Si single- 20 crystal substrate. As a glass

substrate, an?orfb%ﬁs Sfdlssrorcsingle-crystad ghass candre: dlseIalExmnp)Iéts

of amaqr, s;include soda lime glass and aluminosilicate glass.
Examplg}sa%ﬁ:%f:%ﬁ#]ﬁ&e %Ia@% rlnglﬁae!gﬁiﬁﬂmb}%%taﬁfﬁalg‘fﬁ%. St

ceramip=2% sabstratezmay heu ferexampleya:sintered bady, consisting
substantially of aluminum oxide, aluminum nitride, silicon nitride, or the

like, oF 0AE bbi&inBgL179egrades HDI. However, as described

above, the method of the present invention can
simultaneously remove dust and thus enables a lift off
process for a DTR media which has been impossible in
the prior art to be performed.

Description will be given below of materials used
for the layers of magnetic recording media as well as
the stack structure of each layer according to the
empbodiment of the present invention.

<Substrate>

Examples of a substrate include a glass
substrate, an Al-based alloy substrate, a ceramic
substrate, a carbon substrate, and an Si single-
Crystal substrate. As a glass substrate, amorphous
glass or single-crystal glass can be used. Examples
of amorphous glass include soda lime glass and
aluminosilicate glass. Examples of crystallined glass
include lithium crystallized glass. A ceramic
substrate may be, for example, a sintered body
consisting substantially of aluminum oxide, aluminum

nitride, silicon nitride, or the like, or one obtained
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by fiber-,reinforcing those sintered bodies. An Si single-crystal substrate,
I.e., a silicon wafer may have an oxide film on the surface thereof.
Further, one obtained by forming an NiP layer on the above 5 described
metal substrate or a nonmetal substrate by plating or sputtering can be
used. <Soft underlayer> When a perpendicular magnetic recording_
medium is manufactured, that is formed as a so-called 10 perpendicular
two-layer medium having a perpendicular magnetic recording layer on a
soft underlayer (SUL). The soft underlayer of the perpendicular two-Iaygr
mediupy istprovided:for fatowing atviriting magnetie dietd troasa magnetic
pole tg pass through aTd for i5 allowing the recording magnetic field to
return 1o & Teturn g% & arrahyed in the vicifity ofthé magheticipor: may

Namelys the seftunderlayer sepjes:as.one, part of fupctionscof a write,
head, and functions as a part of improving a writing efficiency by applying

a 20 pre€ipitbus perperdicdlarmagnetic figldrtolthee recondingdayero As—
the soft underlayer, a high permeability material including at least one of
bggin e% Su

Fe, NI ahd Co s USEd ExampiesTst the fratéridGARIEHS Srerécs basedoy

25 allgy such asd1eGo of FECoY; anfreNisbaged;alloy such as FeNi,
FeNiMo, FeNiCr, or FeNiSi; an FeAl-based and FeSi-based alloy such

as FeAl, FeAlSE FeAlSiGr; 1a8er>

When a perpendicular magnetic recording medium is
manufactured, that is formed as a so-called
perpendicular two-layer medium having a perpendicular
magnetic recording layer on a soft underlayer (SUL).
The soft underlayer of the perpendicular two-layer
medium is provided for allowing a writing magnetié
field from a magnetic pole to pass through, and for
allowing the recording magnetic field to return to a
return yoke arranged in the vicinity of the magnetic
pole. Namely, the soft underlayer serves as one part
of functions of a write head, and functions as a part
of improving a writing efficiency by applying a
precipitous perpendicular magnetic field to the
recording layer.

As the soft underlayer, a high permeability
material including at least one of Fe, Ni and Co is
used. Examples of the material include an FeCo-based
alloy such as FeCo or FeCoV; an FeNi-based alloy such
as FeNi, FeNiMo, FeNiCr, or FeNiSi; an FeAl-based and

FeSi-based alloy such as FeAl, FeAlSi, FeAlSiCr,
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FeAlSiTiRu, or FeA10; an Fe'Ta-based alloy such as FeTa, FeTaC, or
FeTaN; and an FeZr-based alloy such as FeZrN. As the soft underlayer,
a material may be used 5 which has a m.icrocryata_li.ne structure such
as FeAlO, FeMgO, FeTaN, or FeZrN containing 60 at% or more of Fe, or
a granular structure in which fine crystal particles are dispersed in a
matrix. Examples of the material of the sgft underlayer 10 further include
a Co alloy containing Co and at least one of Zr, Hf, Nb, Ta, Ti and Y. 80
at% or more of Co is preferably contained therein. When such a Co alloy
is formed t& béidfilm by spektefing2an ambsphous: dayerlis easy do farm.
An ar@%ri)gou]g s?ft magnetic 15 material has no crystalline magnetic

stalline defect or grafi Bodibiary “and #nes! exhitsis aich as

anisotropy,’ crys
extremelyr@xcellent soft magnetisation. By using an amorphous soft

magnetic material, an attempt can be made to make a noise of a medium
lower. 20 Examplés of aSuitablécamerphoussoftmaghnetic maatesial used

includehg%r-hgsoZrNb-_, and CoZrTa-based alloys. Under the soft
underiayer, an Gnderlayer mal - also provited in Gtaer ' iprote Thé 10/
crystafimiycof 25the sofiundsrlayer, or i improyesthe adherence of the

soft under layer to the substrate. Examples of a material the underlayer
indud@?ﬁ,qé,vmqﬁﬁﬁulgr structure in which fine crystal

particles are dispersed in a matrix.

Examples of the material of the soft underlayer
further include a Co alloy containing Co and at least
one of Zr, Hf, Nb, Ta, Ti and Y. 80 at% or more of Co
is preferably contained therein. When such a Co alloy
is formed to be a film by sputtering, an amorphous
layer is easy to form. An amorphous soft magnetic
material has no crystalline magnetic anisotropy,
crystalline defect, or grain boundary, and thus
exhibits an extremely excellent soft magnetisation,

By using an amorphous soft magnetic material, an
attempt can be made to make a noise of a medium lower.
Examples of a suitable amorphous soft magnetic
material include CoZr-, CoZrNb-, and CoZrTa-based
alloys.

Under the soft underlayer, an underlayer may be
also provided in order to improve the crystallinity of
the soft’underlayer, or to improve the adherence of
the soft under layer to the substrate. Examples of a

material of the underlayer include Ti, Ta, W, Cr and
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Pt, or an alloy containing those, or an oxide or a nitride thereof. An
intermediate layer composed of a nonmagnetic material may be provided
between the soft underlayer 5 and the perpendicular magnetic recording
layer. A role of the intermediate layer is to cut off exchange coupling
interaction between the soft magnetic underlayer and the recording layer,
and to control the crystallinity of the recording_layer. Examples of a 10
material of the intermediate layer include Ru, Pt, Pd, W, Ti, Ta, Or, and
Si, or an alloy containing those, or an oxide or a nitride thereof. In order to
prevefta spikenoisé lthe soft tmderlayertmay e camprisingiefa plurality
of layers, 15 an% have a Ru film having thickness of 0.5 to 1.5 nm

. nitride Thereof. ; . -

mterpose& tiere etween, whereby anti-ferromagnetic coupling may be

carried out. Inraddition;{he softe magnetic layer may, b&@%@@%a‘é&’%@'@ﬁa
rPt,

to a hard magnetic film having in-plane anisotropy, such as 20 Co

SMCE B FePtora pifiing fayerdcomposedasfn an antiferfomagnetia a ye r
mater(i_jalguggeas Ierel\flneonrOPtM ._In this case, a magnetic layer, for

example, Co, or'a_nonmagnetic aJet?fot eXanpie “PE AL b Kiinatdd
above-and undet a8 Rulayardn order to controk an 25 exchange caupling .

force. <Perpendicular magnetic recording layer> As the perpendicular
magnefi¢ Fecotding lagsp@oion between the soft magnetic

underlayer and the recording layer, and to control the
crystallinity of the recording layer. Examples of a
material of the intermediate layer include Ru, Pt, Pd,
w, Ti, Ta, Cr, and Si, or an alloy containing those,
or an oxide or a nitride thereof.

In order to prevent a spike noise, the soft
underlayer may be comprising of a plurality of layers,
and have a Ru film having thickness of 0.5 to 1.5 nm
interposed therebetween, whereby anti-ferromagnetic
coupling may be carried out. 1In addition, the soft
magnetic layer may be exchange coupled to a hard
magnetic film having in-plane anisotropy, such as
CoCrPt, SmCo, or FePt, or a pinning layer composed of
an antiferromagnetic material such as IrMn or PtMn.

In this case, a magnetic layer, for example, Co, or a
nonmagnetic layer, for example, Pt may be laminated
above and under an Ru layer in order to control an
exchange coupling force.

<Perpendicular magnetic recording layer>

As the perpendicular magnetic recording layer,
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for example, a material is used which consists substantially of Co,
contains at least Pt, Cr as needed, and further includes an oxide (for
example, a silicon oxide, a titanium oxide). In the 5 perpendicular
magnetic recording layer, it is preferred for magnetic crystal particles to
have a columnar structure. In the perpendicular magnetic recording layer
having such a structure, the orientation and the crystallinity of the
magnetic 10 crystal particles are satisfactory, and as a result, a
signal-to-noise ratio (SNR) suitable for high-density recording can be
obtainéd. iR ‘GrdEr @ obtaifrthe! strlictufe deseribed above e gaarntity of

oxideds ,important., A coptent of oxidetis‘prefer bly 3 moll gr 15 more and
12 mol% or less, and}(r;nore pr%i‘er%%@ 5 Jr’ﬁﬁ%a%r ir/r?(‘jlrrsgtanP 10 Phol%s of

the totalamayntefdCault land CtcWhensthercontentof oxide nthep1e, a
perpendicular magnetic recording layer is within the above-described
range’ the oRIte’ Précipitateti-at theéperiphey of 20 the ffagnetic

particg)eesrg\é%q can be iﬁgl&ll%%ggdrg%%q: e fine., When the_cantent of.

N

oxide is over the above-described range, t éno%(i&ea ?’eerﬁéin%%nltﬁe
magnetie partieles fwhich-deteriorates the-arienfation ;and the-cnystalinity
of the magnetic particles. 25 Further, the oxide is precipitated above and

undercﬁleu’ﬁl?édhe‘ii%%ﬁaég' andas d'festft ' prevehfilig dfie foemation of
aCO“HQQ@E&%W@“TE?@ghwgéyg&nsuch a structure, the

orientation and the crystallinity of the magnetic
crystal particles are satisfactory, and as a result, a
signal-to-noise ratio (SNR) suitable for high-density
recording can be obtained. 1In order to obtain the
structure described above, a quantity of oxide is
important. A content of oxide is preferably 3 mol% or
more and 12 mol% or less, and more preferably 5 mol$%
or more and 10 mol% of the total amount of Co, Pt, and
Cr. When the content of oxide in the perpendicular
magnetic recording layer is within the above-described
range, the oxide is precipitated at the periphery of
the magnetic particles, which can be isolated and
become fine. When the content of oxide is over the
above-described range, the oxide remains in the
magnetic particles, which deteriorates the orientation
and the crystallinity of the magnetic particles.
Further, the oxide is precipitated aboﬁe and under the
magnetic particles, and as a result, preventing the

formation of a columnar structure in which the
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" magnetic particles penetrate through the perpendicular magnetic

recording layer in the perpendicular direction. On the other hand, the
content of oxide, which is less than the above-described range, causes 5
the magnetic particles to be insufficiently isolated and become fine
insufficiently. As a consequence, a noise at the time of reading/writing
increases, and a signal-to-noise ratio (SNR) suitable for high-density
recording cannot be obtained. 10 The content of Pt in the perpendicular
magnetic recording layer is preferably 10 at% or more and 25 at% or less.
Wherthe"€onitentoafPtiis Wwithin theft raljovetdesoribed range camiakialu L a r
magnetic aél'{s.otrojpg/c c%gifrb!{pt ﬁg regui,red for the perpendicular magnetic

15 recording layer can ained; And mbreover tHe "6hiéitafidn and the

crystallinity-efitbe magnetic, pagticles are made satisfactotn: or oxide,
Consequently, it is possible to obtain a thermal fluctuation tolerance and

a readlinrité preperty whichraretsuitabie fortigls 20 densityaegerdinguuses
Whencglee contegi;cof Ptis over }%e above-described range, a layer having

a face-centerdd cubic (foe) Stfucture s f3fmediH the maghetié particidsd
whichegoulddeashto deteriorationsdnthenerientation and crystallinityce o
When the content of Pt 25 is less than the above-described range, on the
other"Rarf® & therfral fllEwation tolerdmsy canriotlbe obtaired#v, and a

rdance with a Ku.suitable for 2 2 -
aCCO9?g%%¥lgoqnéﬁ%éugg%f% (gNR) suitable for high-density

recording cannot be obtained.

The content of Pt in the perpendicular magnetic
recording layer is preferably 10 at$ or more and
25 at% or less. When the content of Pt is within the
above-described range, a uniaxial magnetic anisotropy
constant Ku required for the perpendicular magnetic
recording layer can be obtained, and moreover, the
orientation and the crystallinity of the magnetic
particles are made satisfactory. Consequently, it is
possible to obtain a thermal fluctuation tolerance and
a read/write property which are suitable for high-
density recording. When the content of Pt is over the
above-described range, a layer having a face-centered
cubic (fcc) structure is formed in the magnetic
particles, which could lead to deteriorations in the
orientation and crystallinity. When the content of Pt
is less than the above-described range, on the other
hand, a thermal fluctuation tolerance cannot be

obtained in accordance with a Ku suitable for
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high-density recording. The content of Cr in the perpendicular magnetic
recording layer is preferably O at% or more and 25 at% or less, and more
preferably 10 art or more and 20 at% 5 or less. When the content of Cr is
within the above- described range, high magnetisation can be maintained
without decreasing a uniaxial magnetic anisotropy constant Ku. As a
result, a read/write property which is suitable for high-density recording
and a 10 sufficient thermal fluctuation tolerance can be obtained. When
the content of Cr is over the above- described range, a thermal fluctuation
toleraneehdeteriofdtes ecause moKu of the magnetic particles is made

little, and therﬁré/sgallincit% %nd he orientation 15 of the magnetic particles
deteriorates. AS atesuft a réadiirite property Yetsrvtafes: Thenagnetic

perpenglicularimagnetie recardinglayer.may include gne or more additive, . o
elements selected from B, Ta, Mo, Cu, Nd, W, Nb, Sm, Th, Ru and Re, in
additiol 20e9sCo 2Pt Oroartd an okide:Since theseadditive elements areat s
conta(i)nre itsig posﬂpéla% tq: gtimulate a reduction in the size of the

magnetic particles, 0r to improve the rystalliffty ahdthé bentdtforrPove-
thereetk stherebyenabling to-obfain-a sead/wiite property,and a.25 thermal 4

fluctuation tolerance which are more suitable for high-density recording.
The total 6Htent of thesé addictive letentstispreferablyr8 at6 osdess.
23

constant Ku. As a result, a read/write property which
is suitable for high-density recording and a
sufficient thermal fluctuation tolerance can be
obtained. When the content of Cr is over the above-
described range, a thermal fluctuation tolerance
deteriorates because a Ku of the magnetic particles is
made little, and the crystallinity and the orientation
of the magnetic particles deteriorates. As a result,
a read/write property deteriorates.

The perpendicuiar magnetic recording layer may
include one or more additive elements selected from B,
Ta, Mo, Cu, Nd, W, Nb, Sm, Tb, Ru and Re, in addition
to Co, Pt, Cr and an oxide. Since these additive
elements are contained, it is possible to stimulate a
reduction in the size of the magnetic particles, or to
improve the crystallinity and the orientation thereof,
‘thereby enabling to obtain a read/write property and a
thermal fluctuation tolerance which are more suitable
for high-density recording. The total content of

these addictive elements is preferably 8 at% or less.
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When it is over 8 at%, a phase except for a hexagonal close-packed

(hop) phase is formed in the magnetic particles, and thus, the crystallinity
and the orientation of the magnetic particles are disturbed. 5 As a
conseqguence, it becomes impossible a read/write property and a thermal
fluctuation tolerance which are suitable for high-density recording.
Examples of a material of the perpendicular magnetic recording layer
further include a CoPt-based 10 alloy, a CoCr-based alloy, a
CoPtCr-based alloy, CoPtO, CoPtCrO, CoP1tSi, and CoPtCrSi. The
perpefidicularrmagnetic recdording, layerrnay desa anpltilayer filmrof:Ceyand 1
an allgyi C\gvshich conkséiats substantially of at least one type selected from the

15 group consiating of Pt Pd, RAARd RS, FuHier“a Tmultitaydrrresuch
as CoGr/RtGr; CoP/RdB, 0hGod/RhQ having Cr.1B 0r Qf%%%ﬂ maybe

used as the each layers of the multilayer thereof. The thickness of the
perpendictiarinaghetid 20 recording tayerrds prefetably Srto 60 am; aindd .
moreA%referaCt))}yS% t%so nm. Atpegpendicular magnetic _recording layer
having a thickness within this range 8" 8tftabie4or RightGeAsityrecording
Whensthep thieknessioftherperpendieular magnetic regording, 25 layerds ¢
less than 5 nm, there is a tendency that a regenerative output is too low,
whichSis16@wer tharPa hoisé ceaiponent higherdMhben the thickness of the

24
Examples of a material of the perpendicular

magnetic recording layer further include a CoPt-based
alloy, a CoCr-based alloy, a CoPtCr-based alloy,
CoPtO, CoPtCrO, CoPtSi, and CoPtCrSi. The
perpendicular magnetic recording layer may be a
multilayer film of Co and an alloy which consists
substantially of at least one type selected from the
group consisting of Pt, Pd, Rh and Ru. Further, a
multilayer film such as CoCr/PtCr, CoB/PdB, or CoO/RhO
having Cr, B or O added may be used as the each layers
of the multilayer thereof.

The thickness of the perpendicular magnetic
recording layer is preferably 5 to 60 nm, and more
preferably 5 to 30 nm. A perpendicular magnetic
recording layer having a thickness within this range
is suitable for high-density recording. When the
thickness of the perpendicular magnetic recording

"layer is less than 5 nm, there is a tendency that a
regenerative output is too low, which is lower than a

noise component higher. When the thickness of the
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perpendicular magnetic recording layer is over 40 nm, on the other hand,
there is a tendency that a readout output is too high, which distorts a
waveform. A coercivity of the perpendicular magnetic recording 5 layer is
preferably 237000 A/m (3000 Oe) or more. When a coercivity is less than
237000 A/m (3000 Oe), there is a tendency that a thermal fluctuation
tolerance declines. A perpendicular gradation.of the perpendicular
magnetic recording layer is preferably 10 0.8 or more. When the
perpendicular gradation is less than 0.8, there is a tendency that a

thermat fRiStation foleranee detlines <Protedivédayer>Fhe protedtiver,
layer prevents corrosion of the  i5 perpendicular magnetic recording layer
ag we Inaste%léfarr?agggee of t}ﬁjenédrfétcneg%fe the medium Whehthe magRetid =dout
head totighes a mediuma Examples ef.admatesiat of the,, pratective laygr
include a material containing C, Si02, and.Zr02. A thickness of the
proteCtRiE-aysr 20 i prefefably Aradetto-be 4 tom@ummt Wheretherding
thick the protective Jayer i e within. the above-described
rangg,P (igg%fin%gb t%vee]g%rt !3 a%l% an atzrg{eh iu&% [2]:%2% g)ee ade 1885 Swhich
suitableder high-density: regordinge 25 Garban candaeclagsifieddnt® oe)
sp2-bonded carbon. (graphite) and sp3-bonded carbon (diamond). The
spa-bohEEd catbén FSSWSEHOF ift tie dardbiftyemt 25 uctuation

tolerance declines. A perpendicular gradation of the
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perpendicular magnetic recording layer is preferably
0.8 or more. When the perpendicular gradation is less
than 0.8, there is a tendency that a thermal
fluctuation tolerance declines.

<Protective layer>

The protective layer prevents corrosion of the
perpendicular magnetic recording layer as well as
damage of the surface of the medium when the magnetic
head touches a medium. Examples of a material of the
protective layer include a material containing C,
S102, and ZrOp. A thickness of the protective layer
is preferably made to bekl fo 10 nm. When the
thickness of the protective layer is made to be within
the above-described range, spacing between the head
and a medium can be made less, which suitable for
high-density recording.

Carbon can be classified into sp2—bonded carbon
(graphite) and sp3—bonded carbon (diamond). The

sp3-bonded carbon is superior in the durability and
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the corrosion resistance to that of graphite. However, because the
spy-bonded carbon is crystalline, the smoothness on a surface thereof is
inferior to that of graphite. Usually, carbon is formed to be a 5 film by
sputtering using a graphite target. In this method, amorphous carbon in
which sp2-bonded carbon and spa-bonded carbon are mixed is formed.
Carbon in which a ratio of spa-bonded cagbon is high is called
diamond-like carbon (DLC). Since the DLC is excellent 1.0 in the durability
and the corrosion resistance, and is excellent in the smoothness on a
surfade'thefesfras well becausesoicambrphous; itds utilizechas a surface
rotective film for the magnetic recording media. With respect to film
?orma%gﬁec)\fedfl_’c by a gr%m%é? 5 \%ﬁ)%rn 56105%%:{3 (VDY niethisd DLene

more tish iBnspa-hesded earbonscart bedormed by satisfyingthe: o +o
conditions because DLC is generated by exciting and decomposing a raw

gas in-plasni, aherdhie ta chirticdl ! reactionithereof. Z®zhabricantbe a

layer>.E les of a lubricant agent include per-fluoro- polyether, alcohol
fluoridfelr?g%nr:}%ug’r?nua%ég “carboxylic acid. Add %%ﬁgfsa&vaag\?aggtés ang this

modifisatinns will 25eadily oecurte-these skilled in fite ae, fherefarg, o
the invention in its broader aspects is not limited to the specific details
andr@ﬁ%séﬁggﬁ%qﬁﬁﬁo&ﬁﬁ?ﬁ§Z%IG mixed is formed. Carbon in

which a ratio of sp3-bonded carbon is high is called
diamond-like carbon (DLC). Since the DLC is excellent
in the durability and the corrosion resistance, and is
excellent in the smoothness on a surface thereof as
well because of amorphous, it is utilized as a surface
protective film for the magnetic recording media.

With respect to film formation of DLC by a chemical
vapor deposition (CVD) method, DLC more rich in
sp3—bonded carbon can be formed by satisfying the
conditions because DLC is generated by exciting and

decomposing a raw gas in plasma, and due to a chemical

reaction thereof.

<Lubricant layer>

Examples of a lubricant agent include per-fluoro-
polyether, alcohol fluoride, and fluorinated
carboxylic acid.

Additional advantages and modifications will
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. LLOYD
WISE 27 Claims: 1. A method for manufacturing a substrate on which
media films of a discrete track recording media 5 including a magnetic
layer are to be deposited, the method copprising: forming an imprint
resist layer on a substrate; imprinting, on the imprint resist layer, a
stamper formed with patterns of protrusions and 10 recesses
correspopiding: to'retesdingtratkizonesrand serva-zones to, transfesthe
patterlrglg é)f Protr%s,ions and recesses to the imprint resist layer; removing
the stamper from i impPint reSistd&yer” Ahd A5 difftemgliRefiéd €o2in
a proc‘j@sﬁcil’@rggers%e;p@t @pr%r%gﬁlgggﬁ %WS’J@‘%‘Q%'&HSQ%‘% as
H20O in the process chamber set at a pressure of 0.01 to 1 atm, or
diffusifg &l resttive gaseselecteddrom al gioup cansisting of kguefied G4 s .
CHF3, SF6, and C2F6 20 in the process chamber set at an arbitrary
pressure, to jet spray the liquefied gas onto a surface of the substrate. 2.
The method according to claim 1, wherein the



imprint resist is spin-on-glass, and the spin-on-glass 25 is baked afte_r _the
jet spraying step to form patterns of protrusions and recesses comprising
SiO2. LLOYD WISE 28 3, The method according to claim 1, wherein the
imprint resist is selected from a group consisting of aluminum alkoxide,
aluminum oxide dispersed resist, and titanium oxide dispersed r%%%ﬁ,}E
A method for manufacturing a substrate on, which media films of'a

discrete track recording media including a magnetic layer are to be
deposited, the method comprising: forming an imprint resist layer on a
substrate; 10 imprinting, on the imprint kesisidayer, a stamper formed

with patterns of protrusions and recesses corresponding to recording

track zones aqq_ segvq zeResto:ran fg;1 t&lga%act'%rri\% (%)f Qrostrutggotnl%ﬁggd on
recesses to the imprint resist layer; 15 removing the stamper from

imprintfesish layed; eemauving therimprintdesistremaining athottoms, of 41 4

recesses of the imprint resist layer by reactive ion etching; 20 dry etching

5the substrate:dsing thepatieston theympriateesist layerasn maskgand e
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diffusing liquefied 002 in a process chamber set at a pressure of 2to 5
atm, diffasingdiqaefied H2ON g :

forming an imprint resist layer on a substrate;

imprinting, on the imprint resist layer, a
stamper formed with patterns of protrusions and
recesses corresponding to recording track zones and
servo zones to transfer the patterns of protrusions
and recesses to the imprint resist layer;

removing the stamper from the imprint resist
layer; and

diffusing liquefied CO» in a process chamber set

at a pressure of 2 to 5 atm, diffusing liquefied H»0

in the process chamber set at a pressure of 0.01 to
1 atm, or diffusing a reactive gas selected from a
group consisting of liquefied CF4, CHF3, SFg, and CyFg
in the process chamber set at an arbitrary pressure,
to jet spray the liquefied gas onto a surface of the
substrate.

2. The method according to claim 1, wherein the
imprint resist is spin-on-glass, and the spin-on-glass
is baked after the jet spraying step to form patterns

of protrusions and recesses comprising SiOs.



in the process chamber set at a pressure of 0.01 to 25 1 atm, or diffusing

a reactive gas selected from a group consisting of liquefied CF4, CHF3,

SF6, and C2F6 in the process chamber set at an arbitrary pressure,

LLOYD WISE 29 to jet spray the liquefied gas onto a surface of the _

substrate. 5. The method according to claim 4, wherein the imp[jm/[;wﬁgg.

is spin-on-glass, and the spin-on-glass_5 iszgake_d after t_h(_e jet spraying

step to form patterns of protrusions and recesses comprising Si02. 6. The

method according to claim 4, wherein the imprint resist is selected from a

group consisting of Tiemitiih edkaxide alumipuanoxide dispersemhiasist, the

10 and titanium oxide dispersed resist. 7. A method for manufacturing a

discreté filaEk ecERIAG Mekiia, 1hé erdthdd f;@mpri@ingrw?ingaﬂigpﬂng of
' r on a substrate;. imprinting, on the imprint resist layer, a ‘

e, I@ﬁfeu g L Srehiss ﬂo‘f?ﬁ%fb‘h@ a%f%ce%§ég%6ﬁ%§p6rﬁﬁﬁ@t '

stamper ormed with pa?terns of

to recording track zones and 4serye Z9nes toytrapsfer the patterns of
protrusions and recesses to the imprint resist layer; removing the stamper

Sfrom the impriAt reskstn20 layeér;fand depasiting-a plutglity of meedia fites  on
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includin%a magnetic film, on a surface of the substrate, ‘
which media films of a discrete track recording media

including a magnetic layer are to be deposited, the
method comprising:

forming an imprint resist layer on a substrate;

imprinting, on the imprint resist layer, a
stamper formed with patterns of protrusions and
recesses corresponding to recording track zones and
servo zones to transfer the patterns of protrusions
and recesses to the imprint resist layer;

removing the stamper from the imprint resist
layer;

removing the imprint resist remaining at bottoms
of recesses of the imprint resist layer by reactive
ion etching;

dry etching the substrate using the pattern on
the imprint resist layer as a mask; and

diffusing liquefied COj in a process chamber set
at a pressure of 2 to 5 atm, diffusing liquefied H»O
in the process chamber set at a pressure of 0.01 to
1 atm, or diffusing a reactive gas selected from a
group consisting of liquefied CF4q, CHF3, SFg, and CoFg

in the process chamber set at an arbitrary pressure,



wherein after the stamper removing step or the depositing step, liquefied
C02 is diffused in a 25 process chamber set at a pressure of 2 to 5 atm,
liquefied H20O is diffused in the process chamber set at a pressure of 0.01
to 1 atm, or a reactive gas LLOYD WISE 30 selected from a grOLﬁp,D WISE
consisting of liquefied CF4, CHF3, SFg, and C2F6 is diffused in'thé"
process chamber set at an arbitrary pressurg, to jet spray the Ilqueflt_ad
gas onto a surface of the imprint resist 5 layer. 8. The method according
to claim 7, wherein the imprint resist is spin-on-glass, and the
spin-or:glass tis hakeg affee thei jot sprayingtosfopnRatterns:oface of the
protrusions and recesses comprising Si02. 10 9. The method according to
claim 75 Wher&iAtRe imprint resist is selected from a group consisting of
aluminum alk%xide,qahlLuminu ogide dispersed resist, and titanium oxide

dispersed resisf. 10. The method atcording 1 ciafin 7~ WHRrédin th@epsin the

O
e metho

imprintiggist ista @@@Q%iﬁsl%pﬂa&mﬁi@%%‘;orgm tef%aigbZn—on—glass
wherein after the stamper is removed from the imprint resist layer and

Sthe pluidlitpekeditfilms inbledingtthep maghetic filve are: defgositeden terns
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the substrate surface, 20 the jet spraying is performed to lift off the

remaining IApHNt PESISTEh PN MBdRSMRS deyeRkégding S107.

6. The method according to claim 4, wherein the
imprint resist is selected from a group consisting of
aluminum alkoxide, aluminum oxide dispersed resist,
and titanium oxide dispersed resist.

7. A method for manufacturing a discrete track
recording media, the method comprising:

forming an imprint resist layer on a substrate;

imprinting, on the imprint resist layer, a
stamper formed with patterns of protrusions and
recesses corresponding to recording track zones and
servo zones to transfer the patterns of protrusions
and recesses to the imprint resist layer;

removing the stamper from the imprint resist
layer; and

depositing a plurality of media films including a
magnetic film, on a surface of the substrate,

wherein after the stamper removing step or the
depositing step, liquefied COp is diffused in a
process chamber set at a pressure of 2 to 5 atm,
liquefied HO is diffused in the process chamber set

at a pressure of 0.0l to 1 atm, or a reactive gas
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on the remaining imprint resist.

LLOYD WISE
- 30 -

selected from a group consisting of liquefied CFy,
CHF3, SFg, and CpFg is diffused in the process chamber
set at an arbitrary pressure, to jet spray the
liquefied gas onto a surface of the imprint resist
layer.

8. The method according to claim 7, wherein the
imprint resist is spin-on-glass, and the spin-on-glass
is baked after the jet spraying to form patterns of
protrusions and recesses comprising Si0s.

9. The method according to claim 7, wherein the
imprint resist is selected from a group consisting of
aluminum alkoxide, aluminum oxide dispersed resist,
and titanium oxide dispersed resist.

10. The method according to claim 7, wherein the
imprint resist is a photoresist.

11. The method according to claim 7, wherein
after the stamper is removed from the imprint resist
layer and the plurality of media films including the
magnetic film are deposited on the substrate surface,
the jet spraying is performed to 1lift off the
remaining imprint resist and the media films deposited

on the remaining imprint resist.



