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- 1 *159159* TITLE OF THE | NVENTI ON METHOD FOR
MANUFACTURI NG SUBSTRATE FOR DI SCRETE TRACK RECORDI NG
MEDI A AND METHOD FOR MANUFACTURI NG DI SCRETE

RECORDI NG MEDI A 5 BACKGROUND OF THE INVENTION mmmmmmmmmmm"
enbodi nent of the present invention relates Q 4150159+

met hod for manufacturing a substrate for a dlscrete

track recording nmedia and a nethod for rmanufacturing

a discrete track recording nedia. 10 In inproving

track density of a harg sk Eriye THRRHToN he probl em
of interference with adjacent tracks has becone

obvi ovgTHOD FOR IMANUETACTURTEMUGEURSTRATE WOR & IHARETAUE RACK
to a fringe effect of a wite head magnetic field is

an i npaCoRTI NG ¢l IdalANIr OB THAD ACES MAHNSGEIPEIT RINGC IO ISCRETE
recording nedia (DIR nedia) in which recording tracks

are pMrHCEaRBrCRFAfatEd®dan reduce a side-erase
phenonenon at the tine of r ead

phenonenon t hat |nfgﬁﬁﬁpﬁ8ﬁ%8fOngHEeﬁpeEwiégﬁs are
m xed up atOntehee%n%kgo'Hal én’g ea@ 1{1’9663 dsl rjflce :L%Qrérw(lo relates
rea

Consequent 'y, 1S possi 9V inprove

track (densidtn il %Ma@‘dxﬁ%rﬁ; rgam%tcratreewrdwg
medi a onto which high-density recording is possible.

Vet hods fcafe vl R0E Wd dtg B TR ad®idine2bd for

i nclude a nmethod of nmagnetic filmetching type and a
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. In 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 can reduce a
side-erase phenomenon at the time of writing, and a
side-read phenomenon that information of adjacent
tracks are mixed up at the time of reading, and the
like. Consequently, it 1is 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

25 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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met hod of substrate etching type. The nethod for

manuf acturing a DIR nmedi a of magnetic film etching
*@00002* .t 2 type involves a | arge nunber of
manufacturing steps and is thus expected to increase
costs. On the other hand, a nmethod for manufacturing
a DTR nedia of substrate etching type is suitable for
mass 5 production; the nethod"Ti%st‘nanufactures a
substrate having protrusi ons and recesses and

deposits a netic |layer on the substrate

sputtetrﬁﬁﬁﬁeglrfb‘f KPS @ | U it R 5 B (3teps
However DIR nedi.a nufactured i n_accor

L B i ST bR S T A g (b G ©ther

f f t f {
surf ages of 4 Ot p@ﬂ@g&dﬁ £ 1 £odd dd, rﬁé&aneéé

us d lcult to ormwite and read

oper atd g MG taen 1ead pd hid awfd b ng hedk gldss If a
DIR nedia is directly nanufactured by the nethod of

ssubst r@ateeiuld: edrchidtge tnygrehddnct ek thgnaamu faprurds g substrate
met hod, burrs may be created at the edges of the

pr ot r usivansgy phin tsrureonafdret t resudrsegpientd déposs it o of

a magnetic filmto preclude the tops of recording

t racksndarerhreti@ g heen fikg megsstydte TR melittesing method
manuf actured by the 20 met hod of substrate etching

type, & regridts Car i) thrpositedon a If*%‘“h%‘f‘?ﬁﬂgm a DTR
reS|st t hat ha alled 0, be renmpved ma }peele

of f, S aldﬂoeil%ckor ance w th the me‘g”xod of

10 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 1is
directly manufactured by the method of substrate
15 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
20 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. KOKAI Publication No. 2004-79992
25 discloses a semiconductor manufacturing process in
which contaminating particles are removed by a

cryogenic cleaning process using COp after chemical



interface (HDI). Jpn. Pat. Appln. KOKAlI Publication
No. 2004-79992 25 discloses a sem conduct or

manuf acturi ng process in which contam nating
particles are renoved by a cryogenic cleaning process
using 002 after chemcal i - 3 nechanical polishing
(CVMP) of a sem conductor material. In this nethod,
liquid C02 is jet sprayed through a specially

desi gned nozzle, for exanple, under a pressure of 850

psi (5.8 MPa) at 25C . The 5 |iquid Q02 is jet d
P e & phsue | T s ey fffalye

d d d t :
¥emx't° ﬁnW%%e%nﬁgeX? Peparariieepart o (e gabents Sz ves
for ms aarhon, df el snow s sontalding el | dand sl

gaseous an d 02 is

dir eCtxﬁ@etxO at fgﬁfé@&re S feoaae pisi (g 4 hepnozal @5°C.  The
Cryogenic particles that reach the wafer surface at a

shi gh sdeepd b cald ijde widda yecontrarmattimg perticlpsessure,
can overcone adhesion of the contam nating particles

to t hensaftérussurs aee itdinougipatBiad aet ervagfo radrshtiumo

bet ween the cryogenic particles and contam nating

parti dassoundQoan rlande t/hev i tdontafimiatd mf pﬁﬂﬁ%rraeélrer
directly. In Jpn. Pat. Appln. _KOKAlI Publication
2004- FFFY: th&bé%/éﬁase%tcé%ﬁ ity et %l‘giso%léj%esnow

0S8 A S I T B TS 0T e

lOWEtho%égeéﬂgxgﬂ&n§%lld CO» 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

15 transfer of momentum between the cryogenic particles
and contaminating particles, and can remove the
contaminating particles directly. In Jpn. Pat. Appln.
KOKAI Publication No. 2004-79992, however,
contaminating particles to be removed are at most

20 0.3 um 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

25 same material as that of the substrate. This
precludes the burrs from being removed.

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



etching type are nuch | arger than those to be renoved
in Jpn. Pat. Appln. KOKAI Publication No. 2004-7992.
Further, the burrs to be renoved are conposed of the
25 same material as that of the substrate. This
precludes the burrs from being renoved. US Patent No.
5,853,962 discloses a nethod and | 4 apparatus for
renmovi ng photoresi st and redeposi‘'ted nmaterials on a
sem conductor using liquid carbon dioxide snow.
However, an incanplete result was ohtai ned frg¢1an.
egﬁ§1ted
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OF THENVENH O E0 Accardinid 1@ gRenRedidrmntr 1¢fn the

present invention, there is provided a nethod for

smanuf aciiostimg ea aAtest rat enfparire ditsr etsei rig agdle apparatus
recordi ng nedia, the nethod conprising: formng an

i mpri ke scesikstd |iay ér. Son BetsubistNaat &€, §3%r96R.i nFheorrarse is
the inprint resist layer, a stanper fornmed with

pat t erS¥PSSTE g5t Gt (RSi Srididit et ddsds orthes porfdidigniteae of

recordi ng track zones and servo zones, to transfe
pat t erdiE off §ir-otRRsiTons UK ik 1B MNe ﬁ‘p&r _n7:9r13992'

SRR T R T

10 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

15 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

20 resist layer; and diffusing liquefied COp in a process
chamber set at a pressure of 2 to 5 atm, diffusing
liquefied H2O 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,
25 and CoFg in the process chamber set at an arbitrary
pressure, to Jjet spray the liquefied gas onto a

surface of the substrate.




chanber set at a pressure of 2 to 5 atm diffusing
liquefied H2ZO in the process chanber set at a pressure
of 0.01 to 1 atm or diffusing a reactive gas sel ected
froma group consisting of |iquefied CF4, CHF3, SF6,
25 and C2F6 in the process chanber set at an arbitrary
pressure, to jet spray the |iquefied gas onto a
surface of the substrate. t 5 BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng

R A
05 T RIS, (RN A yragporaces
of the enhedidmns Qicen helowor sefye g explAl ot he

principles of the invention. FIGS. 1A, 1B, 1C, 1D, and

1E ar g diagite shdddigereeemt afhe proeassas f aind together
manufacturing a DIR substrate 10 and a DTR nedi a

5usi ng wa tretired oefnear slubtsat i tetahigigrernt yeieo e cordli tige

to an enbodi nent of the present invention;, FIG 2 is

a schetrdtdid ad el sshowitnigora 44 quef issthodiarejtes Firayiirylow,
step used in the present invention; 15 FIGS. 3A, 3B,

3C, 3Derafd BBE skl afitadrisim SHYwWi g S Xenplaripvention.
processes for manufacturi DIR substrate ,and a DT .
medi a usi nd & tretHod Gt sﬁ?fs?]r%'t ea%(ilﬂcflé Y€ Yprorams showing

Ia(r:l\(i g L?e: xge?]r}pt loa ray Spercoocneds seensj‘-o Otdc; rm%rrlgn uog a é tn?r lpr{ge Sg rBT R substrate
10 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 jet spraying step used in the present invention;
15 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;

20 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

25 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.



20 FIGS. 4A, 4B, and 4C are di agrans show ng

exenpl ary processes for manufacturing a DIR substrate
and a DIR nedia using a nmethod of substrate etching
type according to a third enbodi nent of the present
invention; and 25 FIGS. 5A, 5B, 5C, 5D, and 5E are

di agrans show ng exenplary processes for
manufacturing a DTIR nedia if "the present invention is
used for liftoff. DETAILED DESCRI PTI ON OF THE

oo o SRR SRR

the cause of fail ure of conventi.onal niques, t
t
effectlvel y ren%vees%urrsmf%n ors asl'se%% cf tfrotma aﬂt?re o)

processs ﬁﬁqkype QT%. n?ﬂ'@hfﬁﬁ (k#?zles is the

substrate etchl e pres i nventors have

found dahfééig:hf tdei 1y devot edibrﬁié%dile&“lélhaete&gh@ésng:d he

pressure in a process chanber during a jet spray step
510 enald fes-thiuralsy txeembera enmoved ttorte nefyf ectduiad yEddmara

the conventional techniques. Specifically, the

pr esemrodeaperitioms rhefec foumd thalTh hs Inquefiehyase L
is preferably jet sprayed onto a surface of a

subst rsa‘thé‘?tllﬂﬁ%qu‘q}s%% §3Pgn tHe Ry dhaigdosethave
f ol fied f f L
o ocesS R aiEo kit Tt b ek SoEE otrlgatatqﬂnusung the

l'iquefied HO i.s diffused e process chamber_ se
at a pressur’e oft & (ﬁr?cesls ?%rﬁm%orpa edadive nhc Spray step

1036$|L§Cteg%65,lr anéﬁ‘(%{ég 'S 20 dﬁ\%él}ger@a n %épﬁgeeg:g’than the
chanbetorsedn ol Adddd@fdes. 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:

15 liquefied COy is diffused in the process chamber set
at a pressure of 2 to 5 atm, liquefied H»O 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 CFy4, CHF3, SFg, and CpFg is

20 diffused in the process chamber set at an arbitrary
pressure.

FIGs. 1A, 1B, 1C, 1D, and lE show processes for
manufacturing a substrate and a DTR media which have
protrusions and recesses using a method of substrate

25 etching type according to a first embodiment of the
present invention.

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



pressure. FIGS. 1A, 1B, 1C, 1D, and 1E show processes
for manufacturing a substrate and a DTR nedi a whi ch
have protrusions and recesses using a nmethod of
substrate 25 etching type according to a first

enbodi nent of the present invention. As shown in FIG
1A, an inprint resist layer 12 is forned on a
substrate 11. Then, a stanper,” hgviﬁg recordi ng
tracks and servo information by formng patterns of
protrusions and recesses thereon, is ressed onto the

i npri mtS a1y & Sl‘QO%W&ttr?e Kl syt it éa 151 ?J?Fbeel? apavmg

pressure of .2, 000 b n1nute
Phus: B d AR ha T nri hedie r%a e

(1 npri t

spi n- éﬁt 11Eetass (Ogcgréggﬂjétlr%%%]\%c?s into g%ev\]}]eon' 1s
backeqnaéssmcgfbr;l& L el M8y @églaé,ﬂmiw al XQxh den Or
al um num oxi de particul ate-di spersed resist that is

sal um et kite eXpasider tO Preygairdrod 2,000 bar for
hi gh-tenperature firing process, or a ti tani um oxi de

parti cifl atiexdiesper sBtk paEsiesing hate itshus tamed faededyto the
exposure to oxygen or_a 15 high-tenperature backing
procesSP AN HEML St AGT 18 Gfmerinthestieprint step,

the stanper 13 is renoved fromthe inprint resist

layer 12 tO'"ObtENIRA stbstiate’ gt nPe SR PhpdtaEs (SOG)

o T e A e

1ot ranstienred thereon,, e, LG, SIAMRE qd 31 S T ERBYER 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

15 high-temperature backing 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

20 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

25 results from the conventional techniques described in
Jpn. Pat. Appln. KOKAI Publication No. 2004-79992 and

U.S. Patent No. 5,853,962.



burrs may be fornmed on the edges of the patterns of
protrusions on the inprint resist |layer 12. Renoving
the burrs is very difficult, and inconpl ete renoving

25 results fromthe conventional techniques described
in Jpn. Pat. Appln. KOKAI Publication No. 2004-79992
and U. S. Patent No. 5,853,962. The nethod according

to the first enbodi nent of the 6re§ent i nvention
renoves burrs on a substrate having protrusions and
recesses using a liquefied gas jet spray step of jet
sprayi ng a TRt GECiES hdiserf Tett gimipdiment of
predeterm ned pressure as shown in FIG 1C FIG i

B SCRGTA ¢ S o M T FTOaE Sy £ ST Ay 2ot

step r dj t i S £ et [ : rf !
in FI é%%%(?dd %Oltgrd}e%oeds g%gldj et ssps\rlgz;gyﬁ%gl 198 aggpla aét%ged 9as
20 conprd sS85 | diqyetded gassdely Y aYingudwizd 22 in a
connected to a high-pressure cylinder 21." The

g i quefdrechi@as deat SPray Mt 1zl i &b fedis & @&k dhown in
i quefied gas onto burrs on a substrate having
protrusicansdcand recesses at a desired pressure. Wen

15 an attenpt is nmade to renove burrs using the

convent i ondIG echniguesschsmaiel cdribon af oxielel iguglied gas
sprayed in a process chanber at the atnpspheric,

pressursE (PRI ISTRR ¢ X BVihorates § PR Pigtlese ich
charter, Sddanepuson thihe 4ol SREANIYL TS Boreying
L0 G S I Rl AL S e R ayins
nozzle 22 connected to a high-pressure cylinder 21.
The liquefied gas jet spraying nozzle can jet spray a
ligquefied gas onto burrs on a substrate having
protrusions and recesses at a desired pressure. When
15 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 CO» evaporates in the process
chamber simultaneously with the jet spraying. This
20 allows only gaseous COs and solid COp 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 COp to be jet sprayed onto the
25 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



predeterm ned pressure, specifically at least 2 atm
enables nore liquid C02 to be jet sprayed onto the 25
burrs than the conventional techniques together with a
smal | amount of dry ice. The present inventors have
thus found that the above operation enabl es renoving
the burrs on the substrate having protrusions and
recesses, which cannot be achievéd by the conventiona
techni ques. For exanple, burrs on a substrate having 5

D e e S Y P
Process Crkaggos%r vﬁneitc}pecta\’}‘ﬁ)e&c %ear};\dcéheg{%ge(b% 2tl'g&dcorgieﬁntional

MPa) . Se I'ng the pressure 1n the c r -at atm or
hi gher. d g, oy eferable in terms of the 10 safety of
chanber operations. Instead of carbon di oxide, water

vapor or a pdeastimel gasoumys ben usediast tdes IHapeid ed
gas. Wth its phase diagramtaken into account, each

sl i quefdrett rigaisoriss gret sprepysds iard eachwndferl lsetreatoved by
such a 15 pressure as allows the gas to be jet sprayed

as a Jsdl ispmayiand ilguiwid HO At Wie whisgsuse |4 gere
than that in the prior art. Wth, for_ exanple, water

vapor PrRGesfoVdIE I RcYet KRN tD AHht &t el Vit

carborh & i<l | %% 8L Aot B ke SHL I BBl eroc

;:St’lcle;g a]ttgr% Ooérggéiygtelgeragi s; nl\@ca'pyglﬁenra%zpé i rtee%:cn]ié VS 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 account, each liquefied
gas is Jjet sprayed in the chamber set at such a

15 pressure as allows the gas to be jet sprayed as a
solid or a liguid 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

20 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, 1is Jjet sprayed as a

liquefied gas, a burr removing effect is attained
25 ‘without the need to adjust the pressure in the
chamber. In particular, spray Jjetting SFg is

compatible with SOG used as an imprint resist and



l'iquefied gas, a burr renmoving effect is attained 25
W t hout the need to adjust the pressure in the
chanber. In particular, spray jetting SF6 is
conpatible with SOG used as an inprint resist and 10
enabl ed burrs to be properly renoved. After the burrs
are renoved, the substrate havin t he protrusions and
recesses fromwhich the burrs hals}s ‘been renoved as
shown in FIG 1D is fired at a high 5 tenperature of

at least 450 0 C or subjected to an Xygen exposure
pr oce$330d SFaiELish T8 Jfapd e klve eé"l?ﬁyﬁ%rate havi ng

protrusi onzlbfatnd rt%%% ses. dromwvwhich the b rggogl@laete hav1ng

been renov 1S Usetf as an  dprint Tesist,

R Cor%‘ﬁ%”p%tr@s@m%‘ Zcml?i/ Ad & s LGN G HI AL 8S%e bm}& have

step resulfts 1n a substrate havi ng protru3| ons and

recessRed v toP sHEWAGes rof. Protirdsiions At a hl.gh
appropriately flat. After the above process, as shown

5i N Fl Genberaaunets dthileddd msiACi srdepbsieteddonot he
substrate is having protrusions and recesses from

whi ch cxyeyebureng o shenee theere s oy ech 1 teel et ahags rpf the
film14 is deposited by a comon deposition nethod

for a St rede o g et & (UIroTex @it &5 SRR tigihgrhich
nmet hod). The netal thin film 14 may ealon tumal

or 20 YHEr FAIFRT I [99R TR Bt pe cﬁﬂGarlsf an
ol e g el R e oor o
10t he n%aaékltnra bAdddBl4d Y AlEad 'f’eesdlaé’serlriwa By Perate
having protrusions and recesses in which top surfaces
of protrusions are appropriately flat.
After the above process, as shown in FIG. 1lE, a
metal thin film 14 is deposited on the substrate
15 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
20 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.
25 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



deposited on the netal thin film14. 25 For exanple, a
DTR nmedia with coercivity adjusted to about 4 kCe was
manuf actured by a nethod of substrate etching type in
which a stack of the - 11 followng was fornmed on the
etched substrate: 60 nmof CoZrNb as a soft

underl ayer, 20 nmof Ru as an underl ayer for
controlling orientation, 20 nm ofl CoarPt with the
addition of a small amount of SIQ2 as 5 a
ferromagnetic recording | ayer, and 4 nm of di anond-

Iilée Ear B i ee sad H bR tinge ataped sphstpte: 60 nm of
medi t d by th t hod of bst r at t chi

ype WL Fojae Foc oy KPR G PO Lol &0 Hh

wite sj I |ned jusi - W t

10 desuﬁ'llgo%e afsyleﬁ:%ﬁgg‘ltogt]t 0 M?{Zdj%)nr?er etaagccl\gjr{s't iechhe'ﬁ‘[(Ej &

em ssiQirr (AR H gl s abserored, e 1t kendlik of sioy as
surface. This indicates that the DIR nedi a

smanuf actiyradndynacicorntagtoei wid M a/gmt ol of rsubst rataenond-
etching type according to the first enbodi nent of the
presentikkb damkent | ML.Mas s aggoocbtHDitiwow,awt.h The DTR
reference to FIGS. 3A, 3B, 3C, 3D, and 3E,

descr ingtd ign meiny £ ase wiake bt owgssuts dforsubstrate etching
manufacturing a DIR nedia using a nethod of substrate

et chi HYRS P& R ARHFT 2 HE P Biifoditent Ofedheread and

20 present invention. The nethod, according to,the
second’ cﬁﬁ?é}ﬂlsofweliefweoé}?ae]sré%q 1hvehtd %e%%_%ﬁlrﬁef apead of

1000t hedeféi";q?&ed emnediment; i the s1eps. Pefd ARkt idnission
the stanp i's
(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
15 invention 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 1is 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.

In the method according to the second embodiment

of the present invention, high-temperature backing at



renoved fromthe inprint resist layer. FIG 3A 25
corresponds to the substrate in FIG 1B. In the nethod
according to the second enbodi ment of the present

i nvention, high-tenperature backing at 12 450C or

hi gher or a oxygen exposure process is perforned

W t hout renoving burrs to maintaih a shape of
protrusions and recesses sucﬁ’agj?hé'one shown in

FIG 3A. Subsequently, a netal thin film34 is 5
deposi ted.on the gubstrate havi ng grotru3|ons

reces$e? GsOEhBnA A ?FG? SBY9IThe® HPFErghBﬁﬁce%sFﬁé
?FIE?%% L elrcﬁurf ot & %?1 gg“%énﬁéing%}ﬂ1a shape

us very to renove t

burrs 4 u% %Qﬁara@%&%éc%s%%%crém dd eS.orRataMun in
No. 5 5 fh as shown in FIG 3C, a liquefied

gas | @I@Drﬁyl n%@s%de%tlﬁﬁ,r faornrm;dalusmgu a dlirguef ied

gas jet spraying apparatus 20 shown in FIG 2, as is

st he cas@ositded ke fiHestsardiadi treenta v ity sprenablﬂsans and
removal of not only the 15 burrs but also the netal

t hi n fridomsteposist ethaom tihe FI5r r38B. After the burrs are
renoved, a protective film35 is deposited as, shown

in FIG 3ETHhwtep Shovth ih FH G 3BEF e IR F Sirfaces

d
D ot GRS G SR ) HO Gt drBlt (T {1 b Shus very
formed, of DL | ub t
pr ot eéjﬁ{felcﬁqltm%nA elﬂ‘l‘%%rlet % Issli%gnﬂrfﬁ%act TR g e

joaccordance Mith a . s. patent No. §5,853,962. Thus, as

15

20

25

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



nmet hod of substrate etching type. The DIR nedia 25
manuf actured in accordance with a nethod of substrate
etching type is subjected to R Weval uations using a
read-wite head with a designed flying height of 13
12 nm Then, clear read and wite signals are
obt ai ned. No AE signal is observed over the disk
surface. This indicates that the DIR nedia

manuf actured in accordance with a manufacturing nethod

5 of bstrat e et chi t ype accordi ng.to t.he secan
eﬂbodﬁ%eﬁﬁ“of%?ﬁﬁ“pfg%@ﬁ¥rﬁﬁ%eﬁpﬁoﬁ &s gl(ﬂiéﬁ{ﬁfé
The f. th r t invanti r

ot hod o LSSt r A6 "k CIRELY vioe oL Hna et i pg o

subst rate and arRiR Media wichhave nel QT afddisd ons
and recesses in which ion mlling is used. Wth

ref er epee e thirel. i4AacBrant i tdescrigphiferctudilg method
be given of processes for manufacturing a substrate

5and a JdITRuledira twhietlehiave tyret rarsiconsirand o ridee ssamond
using a nmethod of substrate etching type 15 accordin%{

to a tehibodigmnddioferitheof nesendr dgerentijony dyats en.gorte HDI.
nmet hod according to the third enbodi nent of the

present i nvidrk inREhed Giithe RIEIHE FiTQn o didRne used
in the steps p rifr d yntil the stanper

r emoveéd® T Fomi% iTPTEAE 9 9 I#Eiser}etzogrr esent
o e P WA AL PR SR nave
10 protrusions and 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
15 according to a third embodiment 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

20 removed from the imprint resist layer. In the present
embodiment, a common photo resist (for example, $§1801
manufactured by Shiplay) may be used as an imprint
resist. Reactive ion etching (RIE) is used to remove
the resist residue in the recesses in the imprint

25 resist layer from which the stamper has been removed.

The substrate 41 from which the resist residue

has been removed is dry etched using ion beams of, for



resist. Reactive ion etching (RIE) is used to renove

the resist residue in the recesses in the inprint 25
resist |ayer fromwhich the stanper has been renoved.

The substrate 41 fromwhich the resist residue has

been renoved is dry etched using ion beanms of, for 14
exanple, Ar ions, as shown in FIG 4A In thls st ep,

the renmaining parts of the |npr|%ﬂ resist |ayer 42 are

not etched and remmi n because the resist serves as a

mask. These parts becone protrusions. On this 5
occasiedmilife Par tidiSes a8 SRS dPstiSt-e 4hat erifalthis step,

the etched recesses adhere:%o t he ed es of th resi st

ina s str?mre&@alﬁmqj Pt ROy e G e SR 42 aTe
I f
ngrfoﬂ?e tc%ecl E%%F Ilegnallgja éfcatucfseort e rl%ssfs%p éesfrves as a

Usih gas ] et spraying
appar gfuse 20'T alrncsFlb%cc%ne - d S dderase oM tghltéqe
first enbodlnent thi s occasion, those particles

sof the syt e hdrgdardial1d dtheHecasses s ataterial in
adhere to the resist edges are renpoved together with

the bwheedtddhad Mecddsgeesiesthak® thheHd quisfdedDashg etesist
spraying step results in a substrate having

appropm & edmafll atuargrigty.usi ons as shown in FIG 4C.
Further, a magnetic recordlng media in which t

surfaces ofATret riss oHeY &8 €Clabp opts a?tré?"jfler%th% 2P, a

obt ai ned by performng a step, of deposjitin
Chi ' PG B BrotEe | TR Aok th EeewTRY fpsing the

FIG’ g%éuggle&nég% je{K§p§§¥ﬂn3 ‘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
15 resist 42. The liquefied gas jet spraying step
results in a substrate having appropriately flat
protrusions as shown in FIG. 4C.
Further, a magnetic recording media in which top
surfaces of protrusions are appropriately flat is
20 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
25 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



The nmethod of the present invention is also
applicable to a |ift off process. Wth reference to
25 FIGS. 5A, 5B, 5C, 5D, and 5E, description will be
gi ven bel ow of processes for manufacturing a DIR
magnetic recordi ng nedia using a nethod of substrate -

15 etching type involving a |i flt5 of f process using
the present invention. As showiin FIG 5A a stanper

53 is pressed to a substrate 51 on which an inprint

5! Sh LRIl 92,08 S MRS O TB0.1 0 PR ing ene

Pat t e VIERd % ecessés a

trans E%rS% ttqnt\)gg%tsi%pls.trate. Then, as shown in FIG
5B, RFE W oxygen is perfornmed on the substrate from

whi ch the stanpgiyhas, BREN JemyeftanRRmITH NG Msdsded to a
at the bottons ofwthe 10 recesses of the resistEinSés

r enovedbshti afleG515Bn b Ry inesuint freamsermieng 5 has
the stanper but are not shown. RIE results in the

5subst batea fioomenhifolr tdee tenenmioni nPatasimts nfs dowgrusions
renmoved as shown in FIG 5C. As shown in FIG 5D, a
magneting metcssissls 559 $huss tdeposiaieddria Hd s updtstaia-e -
obt ai ned. The nagnetic material adheres to, the ed(ges is

of the proti@loms oiotheh G nt>Fredtst MHybro%H

0, st o BRSNS VBN U SELE e ne
LS, el SR SRR A0, Tl S e e
lO]et Sgggéggéénéﬁ)ﬂﬁgrﬂbsist 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

15 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.

20 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

25 SOG is used as an imprint resist, Jjet sprayed gas 1is
preferably SFg. This step enables the liftoff of the

magnetic material adhering to the tops and edges of



the liquefied gas jet spraying apparatus 10, shown in
FIG 2, as is the case with the first enbodinment. If
25 SOG is used as an inprint resist, jet sprayed gas
is preferably SF6. This step enables the liftoff of
the magnetic material adhering to the tops and edges
of 16 the inprint as well as the inprint resist. This
step results in a DIR nedia havi g the zones forned
Fff na?Petlc mat eri al separated from each other A

ift o process using_a conv ntlonal resi st

r enovich§ PP&&F&t(Férwg%&nﬁﬁ t ﬁNﬁPpFﬁ95I6§§lgﬁSt This step
generatl attribu to a c h
S|gn|F|8§ﬁFIy Eeﬁrgggsmﬁﬁﬁa % %% %gggr?%gged of
above,, ﬁ%%tq%t%QQe Eaﬁh%e%%Q%%%H EQ%@P%%%& dther

|nulta eously renove dust and thus enables a Ilft of f

10 process i ari ;& B mdicsshivhhas keeivdimessiblesist
in the prior art to be performed. Description will be
50i ven reeloawnef 1MRfdd alfe rusednpiler, NMY®) dysrd vefs dust
magnetic recording nedia as well as the stack

st r ucigene reft ieac a ttayidn tact drodiangretto PrivseEs @mso dilvvsnt

of the present invention. <Substrate> Exanples of a
subst rde lifriclandd va dfigresiesudil-at dlowayeAl - Bds &F S99 Re
substrate, a ceran1c substrate, a carhon s%pstrate

and afPSiVesi g% hé’r‘%/ﬁfaltréeu@ﬁelsﬁné: Ay SR giogs £an

e e R A Y SIS g o
1O|Iﬁe %fg%%égu%or 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
15 embodiment 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-

20 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

25 substrate may be, for example, a sintered body
consisting substantially of aluminum oxide, aluminum

nitride, silicon nitride, or the like, or one obtained



al um nosi |l i cate glass. Exanples of crystallined glass
include lithiumcrystallized glass. A ceramc 25
substrate nmay be, for exanple, a sintered body

consi sting substantially of alum num oxide, alum num
nitride, silicon nitride, or the Iike, or one obtained
17 by fiber-reinforcing those ﬁlntered bodi es. An Si
single-crystal substrate, i.e d silicon wafer may
have an oxide filmon the surface t hereof. Further,

one obtained by f P I :
dFschBeélﬁ§Fa¥e§8%g%E Pogen% ertggd;%%sﬁggrg %ﬁ 51
plating o utterin a d.. <Saof a

When ﬁgﬁgﬁﬁeﬁEV8 F%r%n%g%e??cufgcorgl%g%&g ?§L1?§%%% may

nanuf% bgr %1@% ie§ 1Fo0Led has <& r$Rceakhed ¥, Further,

perpen |cu | ayer nedlun1haV|ng a perpendi cul ar

nmagn eb;l% "o%%%rl@hle@g plyayehndga 230t rundeidrayer ths8Ulapove-
The soft underlayer "of the perpendicular two-Iayer

sedi uReiss rpbevi ded aflors valslitawitrg cx \ar intdnmg trAgrsetds¢ rate by
field froma magnetic pole to pass through, and for 15
mhmmmeKmﬁmwwmmwﬁmﬂﬁQ%QOrawntoa
return yoke arranged in the vicinity of the magnetic

pol e. Nanel$gofitheinsistil ayfder | ayer serves as one part

of functions of a wite h df

of i nprovi ﬂ‘ﬁ‘ea{l\ﬁrlﬁﬁﬁibeer’é?fqugae’hag@ﬁ%% |ons arsdlafﬁg%edlum is
precipito e d| neti ¢ fd

recor AP PAJESAs TS 9o L aeeuayiardso %Jﬂﬁed

loperneablllgblcular 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 magnetic
field from a magnetic pole to pass through, and for

15 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

20 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

25 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,



material including at |east one of Fe, NN and Co is
used. Exanples of the material include an FeCo-based
25 alloy such as FeCo or FeCoV; an FeN -based all oy
such as FeNi, FeNi Mo, FeNiCr, or FeN Si; an
FeAl - based and FeSi-based alloy such as FeAl, FeAl Si,
FeAl SiCr, 18 FeAl SiTiRu, or FeAl G an FeTa-based
all oy such as FeTa, FeTaC, or FTaN, and an
FeZr-based all oy such as FeZrN. As the soft

under| aye a material may be use

5 [ h
nicroE?%éﬁéFPﬁHe ofr tigfdPe §Bcﬁ63§ E@ﬂﬁ%:09&8%§E$Ch as

FeTaN,_ or FeZrN conta t@bo r f :
granuFSFastFﬁgﬁﬁrean%ﬁhﬁgﬁ e cr%é?? -Ba %ggtﬁgfg sheh as
are dg 2% sed in a matri x. Exanples of the material of

the sé6f nderl ayer 10 further include a Co all oy

cont ai ni ng d | R& rOf 2Zfatldfnid¥omakabeliused
and Y. 80 gg&f@% ﬁ%&g g%%%gr%%§ preferably contgﬁned
st her ei,Ri WheRssUChiarEerglaley 1ing fsaredure bach fad meAlo,
by sputtering, an anorphous |layer is easy to form An

anor plrewgosoffe Tamgneti Feztd netepiialinga$On@ts or more of
crystalline magnetic anisotropy, crystalline defect,

or graien bourdampnudrd tsHus cteds Bmtﬁhéﬁhe%FfﬁﬁNHRVStal
excel l ent soft magnetisation. By using an anorphous

sof t wagitécile smarér |dd-ISPeér$edatltnen"‘ptma€ar%xbe made to

make a noi se of a nmedium | ower.

EX
SU|tabIe Ao $of t© 3?%? ?erla
f O%ﬂgﬁjlncrgééberaeHﬂ_%gcéﬂééﬂﬁing Co and at least

one of Zr, Hf, Nb, Ta, Ti and Y. 80 at% or more of Co

es O deerlayer

is preferably contained therein. When such a Co alloy
is formed to be a film by sputtering, an amorpnhous
layer is easy to form. An amorphous soft magnetic
15 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.
20 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
25 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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10

15

Under the soft underlayer, an underlayer may be also
provided in order to inprove the crystallinity of 25
the soft underlayer, or to inprove the adherence of
the soft under |ayer to the substrate. Exanples of a
mat eri al of the underlayer include Ti, Ta, W C and
19 Pt, or an alloy containing thgse, or an oxide or a
nitride thereof. An internedraté9lay9r conposed of a
nonmagnetic material nmay be provided between the soft
underl ayer 5 and the perpendi cul ar magnetic recaording
| ayer PtA P&l @nof iRy CRNERRBANG: £PP8Fer OF s 8o C&atiSoff @
exchange cougkin i_nteraction between the soft

nagnePFErigﬁd EZ7Er *and the recording | ayer, and to
control th crystallj.nit (A ' la -
Exanpl es ognal e eéirﬁ%aey&%%ehﬂg%io:]n?ceb%rﬁgfdira%t eal I)hg{%nragne'tlc

inC'“%%tB%ia _ma@dbe %&d@ideﬁabe@&eeﬁn@hgi50&& afhderlayer
all oy containing'those, or an oxide or a nitride

there@hq kheORdehenQ iRi@WeNmagnepiike riaicselinighd ayefrt. A
underl ayer may be conprising of a plurality of |ayers,

15 andochavefatRe fiintmadedirge Hiaglemess ¢fo @ud tog f1 exchange
nm i nt er posed t her ebet ween, whereby anti-ferromagnetic
coup! icogpiEyche néameicdd coutoe teead dine ¢ Lt s ic
magneti c | ayer may be exchange coupled to

d
magnetingefiliameraingg e glogiee % darvGdy, a&f@%roag%rol the

CoCr Pt, SntCo,. or, FePt r a pinnj.ng l.ayer comosed of
an antSH&Pordghety @ iraq%ostﬁ‘l:lﬁ‘ SV of Xﬁt“i@;i.es of a

In thimsat%arsl%’l aofnac%neetiin e!r%yee :i.’atfeorlaWneclu% R, ®t, 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. In addition, the soft
magnetic layer may be exchange coupled to a hard

magnetic film having in-plane anisotropy, such as

20 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

25 exchange coupling force.

<Perpendicular magnetic recording layer>

As the perpendicular magnetic recording layer,



nonmagnetic | ayer, for exanple, Pt may be | am nated
above and under an Ru layer in order to control an 25
exchange coupling force. <Perpendicular magnetic
recording layer> As the perpendi cul ar magnetic
recording layer, - 20 for exanple, a material is used
whi ch consists substantially o% Co, contains at | east
Pt, O as needed, and further Acl udes an oxi de (for
exanple, a silicon oxide, a titaniumoxide). In the 5

per pendi cul ar magnetic re di I b ,
erfeFPédefﬁwpﬁﬁgn@tWétgF§g§ahgggF?¥§%3§Ebohﬁgsésgs
columayr structure. Ln.the i gl [

Fecor MRS Ay eF LhEvPRo RucRe B P et ir ot Rer e ©F 2

ori entatlion agfqt Be ERKs! ahLiNkby b bhedeagmetl exkple, a
crystal parficlées are satisfactory, and as a result, a

Sl gnagﬂ%eﬁl sgikati g CcSNBhiswi bablke)f.or Thi ghedensity
recording can be obtained. In order to obtain the
5Struchurgedasenilbedmabave i ca rgeantiiny dkyexidéti §s
inportant. A content of oxide is preferably 3 nol % or
15 nopecd@pdrid MokY%memgneess, canetesr @apitéfdesblty Have a

mol % or nore and 10 nol % of the total nmount of Co .
Pt, arg@lu@narweésucherCont émt t6F SHEEN Ct“ﬁ@r magrnetic

per pendi cul ar nagnetic recording |ayer. | ithin th
aboveI§€§épPH€dlaﬁ?ﬁg@FVPﬁg'5&¥ﬁg '§%ﬁ?%%ﬁ%¥%a?é ate

th i.ph : . _
beei g%:;:é.[% ra%,&Ofn %glé%rg[:glefn?c%g/esttl\iﬂlﬁ iht'éleoefs’thv@'ﬂgbrf@dlc

ne. en t content of

10:))e(:’rgier?i§:§/i8%\ét r é}ar}%ic%%%v%'&e%ca@i%cr@k%' dihe Xideresult, a
signal-to-noise ratio (SNR) suitable for high-density
recording can be obtained. In order to obtain the
structure described above, a quantity of oxide is
important. A content of oxide is preferably 3 mol% or

15 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

20 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.

25 Further, the oxide is precipitated above and under the
magnetic particles, and as a result, preventing the

formation of a columnar structure in which the



magneti c particles, which deteriorates the orientation
and the crystallinity of the magnetic particles. 25
Further, the oxide is precipitated above and under the
magnetic particles, and as a result, preventing the
formati on of a columar structure in which the 21
magnetic particles penetrate through the perpendicul ar
magnetic recording layer in the gerﬁendicular
direction. On the other hand, the content of oxide,

which is less than. t b d d
{he’ nBGRBEFLopBRETLFASS: BOBGLP AL %B?P@%ﬁ??ﬁ o ERaPERcTeutar

db fi
noi sotABNERGL FRECH Eﬁéiégﬂ%%ylnAﬁh@ PheFeases. and

witing eases a
s gnab; £azB9Lae T8k Qh(eSUB%e§Uhhael etE@r cBhabndensi bkide,
recordi ng cannot be obtained. 10 The content of Pt in

the pghpenpdiguhassmegneat icGe E%@Qéddﬁgckabéﬁ ira3nge, causes
preferably 10 at% or nore and 25 at% or |ess. Wen the

scont eRheOhaBhelts cwWoktiticlibe tabbveidesdifilbedntdygescdaated
uni axi al magnetic ani sotropy constant Ku required for

t he penpebdicoumkalrf imegnesiué £isieetdydi ngsl @yeonsggusace, a
obt ai ned, and noreover, the orientation and the
crystapuﬁﬁlﬁy éhetﬁémﬁa@ﬁeﬁ@@d1&@/MFéFé§gaﬁ@cﬁ§@ées' and a

sati sfactor Co tl bl b
a theﬁﬁﬁpaf¥G@f@gﬁsgurgéﬁéréﬁ®§ aﬁ&l% péh% k?hg jrldbnsicy

property mhlch ar i tabl i gh 20 density
r ecor GErg” Whén tﬁ@o%OEEeﬁ%mg nﬁ? i s over the
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cubic (fcc) structure is formed 1 n the 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
15 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-
20 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
25 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



particles, which could l'ead to deteriorations in the
orientation and crystallinity. Wien the content of Pt

25 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 - 22

hi gh-density recording. The content of Cr in the

per pendi cul ar magnetic recoFdi@& | ayer is preferably

O at%or nore and 25 at% or less, and nore preferably

10 at%or nmore and 20 at% 5 or |ess. Wien the content

of CrhighufleRpAtyh&espsdenddescri bed range, high
magnet i sati on can _be maintained_.w thout decr [ :
uni axi al nﬁgﬁeFPEtgﬁFSSFr §ylncgﬁgt§ﬁfpﬁ&glﬁ§ﬂ%% Hhetic
resul 2ad/ Wi .0 hchy L,$eSuit abhe £ %
hi gh- G5R0FEy etey Bng "R acls Sar fi € rant Tt hergar = 23 =8
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content of Cr is over the above- described range, a

sthermgk flLyet uatthen tokeraneentdetteCi-onat edthécause above-
Ku of the magnetic particles is made little, and the
cryst abbcmiibgdandngke origentrabnen 158 tabnt kenmbgnekiiatained
particles deteriorates. As a result, a read/wite
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recording layer may include_one or nore additive .
el emefRPES§anécEEd f PSmEBIeSTAL M3, 76 /Mg 1% PYEPegky which
Tb, Ru and Re, .in addition 20.to Co, Pt.. Cr and_an
pxide?SS?H&éapﬁgs5O&d@ﬁ@%VgegﬁéﬁghffCﬁFglggnﬁginéﬁ, it
IS possigLe.to Sti t.e tion Jj Si
1Othe n&&ﬁ ﬁf&eagr%Pgﬁé%f gﬁwﬁ?ﬁyﬁion'%oﬂ%ﬂgﬁ%e &5 Ye
obtained. When the content of Cr is over the above-
described range, a thermal fluctuation tolerance
deteriorates because a Ku of the magnetic particles 1is
made little, and the crystallinity and the orientation
15 of the magnetic particles deteriorates. As a result,
a read/write property deteriorates.
The perpendicular 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
20 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
25 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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improve the crystallinity and the orientation thereof,
thereby enabling to obtain a read/ wite property and a
25 thermal fluctuation tol erance which are nore
suitable for high-density recording. The total

content of these addictive elenents is preferably 8
at%or less. - 23 Wen it is over 8 at% a phase
except for a hexagonal closélpgéked (hcp) phase is
formed in the magnetic particles, and thus, the

crystallinity and the orientation of the na%qe%i%e agonal

Eart i BPe8 afeldi SVGFhEdAtE A8 RNESHsEFGERLe IO
econes i npossi bl d/writ t .
( hor MBI oPraBe GAE o EB1 SPARGE vt SREAFE “Eul T SoMEsF S o
hi gh- gggﬁ'i%e%‘?c%@' gy sExamml es %fca%f{%g%y al, Ol ihe
per pendi cul'ar "magneti c (ecordlna ['ayer further

i ncl ude ;a,CQRt vhased  nt0ralhhey i -apEeehihased ral Ikt @bed.
CoPt Cr - based al | oy, CoPtQ, CoPtCrB, CoPt Si, and

CoPt CnSi a2 thascpeeperdi il akcongRetingosedone Ry deayPivrite
may be a nultilayer filmof Co and an all oy which

consi prepestlystant kalkhy roflatf lneast tdoa ttyperselcectwd ch are
fromthe 15 group consisting of Pt, Pd, Rh and Ru.

Fur t heritablegulfoirl &jeh-tenmisyckegerddag/-pPt Cr,

CoB/ PdB, or CoO RhnO having Cr, B or 0 added may be

used as t h&XSHEH SISaypdr & "@%et Imaf ibhey &I ular

The thi ckness of the perpendi cuyl ar magneti.c . 20

r ecor BPAG T ayer S roFelalry 50580 HRCIAE RofePtbased

Pt LAY, ! BB ko RELRONU U B CRUEP ol
CoPt0Q, CoPtCr0O, 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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Is suitable for high-density recording. Wen the

t hi ckness of the perpendi cul ar magnetic recordi ng 25
| ayer is less than 5 nm there is a tendency that a
regenerative output is too low, which is |lower than a
noi se conponent hi gher. Wen the thickness of the 24
per pendi cul ar magnetic recording |ayer is over 40 nm
on the other hand, there is at ency that a readout
output is too high, which distorts a waveform A
coercivity of the perpen neti.c recaqrdin

i.cul
ayer PFEPBRORE ATy T2FTG00 A RCCI000 oM YR oy Erer 10 nm,
When AnCREECLY %% %%Fhes%h%Q%ni%sgoggné%%%&?%%%tcg)Teadout

there i's at endency at a thermal” fluctua

tol eranee deglsi Re3, rAdRer RENDIHCWiak 3hadal LR edhbtde a
per pendi cul ar magneti ¢ recording |ayer is preferably

10 0. gcercmiey Wierhehecpependiqulramaghadald eRdosding
less than 0.8, there is a tendency that a therma

f | uct datyie@n itsolpekdreabdgc 2i3Te9.0 APNot(SONIOv@d)ayer mokee
protective |ayer prevents corrosion of the 15

per pelttiecukarcoragiatity ec dedisndghlaay @B 789 Onwdl/In 8000 Oe),
damage of the surface of the nmedi um when the nmagnetic
head {H8&Red SandGingRCxamgites SheamFdt ErivaItvaft 1oRe

protective |layer include a _material .containing C,
Si 2, FAHGT2PEE. SRAHERNes? GFTPREGENAc e rhjer 56 the

o BRI, AR L BB A s ey
the abogedeseiibed yhandenhes PRGIHAG et MREN fheihedf 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,
Si0p, and ZrOp. A thickness of the protective layer
is preferably made to be 1 to 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 1is superior in the durability and
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and a nedi um can be made | ess, which suitable for

hi gh-density recording. 25 Carbon can be classified

i nto sp2-bonded carbon (graphite) and sp3-bonded
carbon (dianond). The spa-bonded carbon is superior
in the durability and 25 the corrosion resistance to
that of graphite. However, bqpagﬁﬁ t he sp3-bonded
carbon is crystalline, the sno ness on a surface
thereof is inferior to that of graphite. Usually,

b f dt 5 fil b tt
g kB8 e By B RO Couh o L ouh S

whi ch; 32: honded carhon . and ssh3. honded £ALQL &g scaliine,

n xed e r at

sp3- bepded carhon iss Jhi gh ¢i,$ reall @de r%'o%ml%d 1'n'f'%erlor to
carbon (DLC). Since the DLCis excellent 10 in th

dur ablthb"t)/o@”@rtabﬂlf’é%rr0$]'s@1ﬁlfl§/5;| $hanee, 1@ndfolr$ned to be a
excellent in the snoothness on a surface thereof as

wel | liecaubg sbuamerphoussint ias gutiphiized tazxgetsur flacehis
protective filmfor the magnetic recordin%]nedia. Wth

r espevethodf i bmofrpheatsi garonDLGC by ighc s@fi-baindeth carbon
vapor deposijtion (CVD) nmethod, DLC nore rich in

spa- béﬁéeépéabﬁaﬁle@laﬁaﬁé%uaﬁf@dmbngatl@s,ff;ﬂrmjfdt -he Carbon in
condi t because Ci ener exci and
deconﬁb arﬁﬁﬁpggk Sﬁ%p%8§ﬁ§ 5@& 8uel?o%&g%héﬁ(ﬁﬂlled
react i,on th 20 <Lubr| nt | ayer > of a
Iubrlgéﬁ agen anﬁﬁ € p D%f%luor%é‘lmbjglyetﬂg')lrl%S gﬁﬁellent
fluorﬁqeth@nQuE %QEHQ@t%Qd 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



carboxylic acid. Additional advantages and

nodi fications will 25 readily occur to those skilled

in the art. Therefore, the invention in its broader
aspects is not limted to the specific details and
representati ve enbodi nents 26 shown and descri bed

herein. Accordingly, various nudifications may be

made wi t hout departing fron1fhe:2épr?it or scope of

the general inventive concept as defined by the

appended cl ai nd theiy equi,valents. 27 WHAT IS |,

CLAI NEBFE 20 ASREPHEE S TRt G "0 SubsEraeys
for amogi'i%_q_rc%ttq otnrsa% &0 rm%.'d%g m%o%’t td ‘gaaqectil?m%d from the
conprising: formng dn Inprint resist layer on-a

Subst 153481 5 drMRIdJMel G +AR el HRY Bl r@Sh3t JARIpt as
a stanper fornmed with patterns of protrusions an
recessies igedr espend RGPt deRC NdiinG thacknzqnee@ndalents.
servo zones to transfer the patterns of protrusions
and recesses to the inprint resist layer; 10 renoving
the stanper fromthe inprint resist |ayer; and
diffusing liquefied CO2 in a process chanber set at a
pressure of 2 to 5 atm diffusing liquefied H20 in
the process chanber set at a pressure of 0.01 to 15 1
atm or diffusing a reactive gas selected froma

group consisting of liquefied CF4, CHF3, SF6, and C2F6
in the process chanber set at an arbitrary pressure,



to jet spray the liquefied gas onto a surface of the
substrate. 20 2. The nethod according to claiml,
wherein the inprint resist is spin-on-glass, and the
spin-on-glass is baked after the jet spraying step to
formpatterns of protrusions and recesses conprising
Si 02 3. The nethod according to;%L?in11, wherein the
25 inprint resist is selected fr a group consisting
of al um num al koxi de, al um num oxi de di spersed

resist, and titanium oxi IS regist. - 28 4.

A net hod for nanufacturﬁhg%aq§ug§é§§g8 ggr a discrete
track recordin j t tpgﬁ rj sing; .farm.n

an inprint 1r'es%s{$ﬁéézak§?/decjr j{)bﬁr a%su S CEtg{ggl;r{(-]’siangsrtfbn%|r_n‘—’lg,eq for a
on theistieichl th8SiiStrd AWelinA e BlAMEe hURA Wdilbrising:
patterns of protrusions and Trecesses corresponding'to

recordi ng tAcack rzpnes i i rie s ZoNes & tdansfamdteate;
patterns of protrusions and recesses to the inprint

Sresi st | ayempriermpviong drherst amperirfa aradie ilnprdmt a
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resist 10 layer; renoving the inprint resist

r emai AtAGPEE BOrress Wigh reddsses off miretinysrlions and
resist |ayer by reactive ion etching; dry etching the
subst FECESTSPNG ARESPRCENT &9 TP AR Nonpriantk esiegt and
e 8ty Tk 200 100, ] Ui cd 002 L0 8 o
diffu%hﬁgr%E%%%%EGQOH%Qe 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 H3O
in the process chamber set at a pressure of 0.0l to
1 atm, or diffusing a reactive gas selected from a
group consisting of liquefied CFq, 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.

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 SiOj.

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 resist.



in the process chanber set at a pressure of 0.01 to 1

atm or diffusing a reactive gas selected froma 20

group consisting of liquefied CF4, CHF3, SF6, and C2F6

in the process chanber set at an arbitrary pressure,

to jet spray the liquefied gas onto a surface of the
substrate. 5. The net hod accordgﬁg to claim4, wherein

the 25 inprint resist is spin-oit+glass, and the
spin-on-glass is baked after the jet spraying step to
formpatterns _of protrusions and recesses conpri sing

Si@. - 29%6. PTHE RAhFP G didTg Yo g & mupstrate for a
wherein the inprint resist is_sel.ect froma group . . .
consi SLERGESE ARG RGMCATRGS GBS Arut RuMcooge Conprising:
di spersed resi st n | t.ani j.d ' sed )
resist. 5 f%stlﬂa?r]é;t ﬁgldqf@rrtﬁngcn%asg;gl}r ielr?g)ezﬂpg{ns?r gpstrate;
track recarfin MRy dor N6 TBLRNG RO SNG4 & Mg

an inprint résist |layer on a substrate; 1nprinting,

50n t he tiafMpeirntf cirg@®idS tv iltay @t ta rnst aFper G iy tahd
patterns of protrusions and 10 recesses correspondi ng

t 0 rececgissgst cack ezpresiiagd toservo rziongs tiradkr arvsfear and
the patterns of protrusions and recesses to the

i mpri BEIVEsiZeNeSayer L regrdeirng heheastawper offr matiralsions
inprint resist |layer; and 15 depositing_.a plurality

of medid FPCRSSEACIEQUIthG dMPrdghetics IHiH M2 YET a

surface of the substrate, mhere%n after the stanper |,

r emovi ng sﬁ@ﬁ“&ﬁ“@héhe stamper from the 1mprint resist

10 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
15 the imprint resist layer as a mask; and

diffusing liquefied COp 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
20 group consisting of liquefied CFy4, CHF3, SFg, and CpFg
in the process chamber set at an arbitrary preséure,

to Jjet spray the liquefied gas onto a surface of the

substrate.
5. The method according to claim 4, wherein the
25 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 Si0».



depositing step, liquefied 002 is diffused in a
process chanber set at a pressure of 2 to 5 atm 20
liquefied H2O is diffused in the process chanber set
at a pressure of 0.01 to 1 atm or a reactive gas
selected froma group consisting of Iiquefied CF4,
CHF3, SF6, and C2F6 is diffused in the process chanber
set at an arbitrary pressure,'t(?% et” spray the 25
liquefied gas onto a surface of the inprint resist

| ayer. 8. T e thod ccprding t.0 cIa|n17 mhereln t he
30 inprint re3|§i %é(f Qékﬁ E%ifd&ife 4, wherein the

spi n- Q%pgl ?H%S resS_st,alﬁ%d Al tetdhefrjo%t S(%r %W n ﬁta%élf %ﬁng of

patterns o protrusi ons and recesses ¢ n‘prl

9. The 1kt hee %QQ%&qH%g EQdHfﬁdmnéx1%Q§B§' e&%%d %es st,
In”prlnt resist is selected froma group co SlStln

al unm aum alikexiide, oxlide FURKRHsE] diesparsed feSISt
and titanium oxi de dispersed resist. 10. The nethod

Saccordi ng t’o clraimathodwferreina iufe c tivfdrighta IBSicSteteS tarack
photoresist. 10 11. The nethod according to claim?7,
wher eFRCOaf ag el igt aper mies hognoveg riisemot:he i npri nt
resist layer and the plurality of nmedia filns
i ncl udi ng Fﬁém*ﬁﬁgﬁétﬁgpﬁimﬁléﬁ@léépé§ﬂﬁédc@natﬁ@bstrater

substrate surfac t he sprayln is perforned to
lift off theTis reﬁ§|n|ﬁb%| P 1Pes FEE 18 d 1PHE tmredi a

f'lnssggﬂBékt?grmgﬂ RE%hrEQ%%QkE i EE@ r&gio%% and
10 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
15 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 COy is diffused in a
process chamber set at a pressure of 2 to 5 atm,
20 liquefied HpO 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 CFyq,
CHF3, SFg, and CypFg is diffused in the process chamber
set at an arbitrary pressure, to jet spray the
25 liquefied gas onto a surface of the imprint resist
layer.

8. The method according to claim 7, wherein the
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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 SiOj.

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 lift off the
remaining imprint resist and the media films deposited

on the remaining imprint resist.



