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a highly integrated sem conductor 15 devi

demamgedeTAS RetoRphacdudbsk drive (HDD), which is a
magneti c device, there is proposed a discrete track
recording nedi a (BERHERH@)D i0F WHE I NVECDIGH ng tracks
are separated physically with a nonnmagnetic materi al
or a grooVeei ambedémehd pAprbewep26sthe hecendibg relates
density. Because phenonena such as the side-erase
pheno?Preh dRe t O ek br 8¢ gl AGidre heeshdeandad mphkadnefion
inre ro%:cin .can be decreased in the DTIR nedia, it

i s FHF et ol Phct AR EFAE kI BeREFE Y9 ERdia- magnetic
recordingDHedLa whi ch enabLesrhigh densi%§ 25, c
recordi ng-¢an"Be® pPovf 4ed" t FiF PREFSSuhBNIEBFEHONS ©

| OL N5 QLB LAOCL 0% 85 BB LELS LOpLne IR
recent years, the amount of information a user deals
with is significantly increasing. 1In Such:a
condition, an information recording and reproducing
device with a remarkably higher informétion density
than before and a highly integrated semiconductor
device are demanded. As for a hard disk drive (HDD),
which is a magnetic device, there is proposed a
discrete track recording media (DTR media) in which
recording tracks are separated physically with a
nonmagnetic material or a groove in order to improve
the recording density. Because phenomena such as the
side-erase phenomenon in recording and the side-read
phenomenon in reproducing can be decreased in the DTR
media, it is possible to increase track density, and a
magnetic reccrding media which enables high density
recording can be provided. Further, when servo
information is formed together as patterns in the DTR

media, there is no need to write in serve signals with
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Frrrrererrrrererrrrrrlt *@0o002* 2 a magneti ¢ head,
which requires a long period of tinme. On the other
hand, when the servo information is not forned as
desi gned patterns, servo tracking becones difficult.
Therefore, a finer and nore accurate 5 fabrication
t echni que becones necessary in order to inprove the
recording density. An exanple of a mcrofabrication
technique is conventional photolithography using an
exposure process which enables mcrofabrication of a
| arge area 10 at once, , However, .it is difficult to .
mancf 40T GTET4C PERG: SEPACLFBobf “RG0SnArGe Pesgod of time.
beca§§eth& Q ﬁérnHLKFha%ﬁeﬁe%REUEEQQOf?Ef%rﬂ%%%%%”g%hnot
of light or less. f hough exanples of the

NPe@home s

m crobabehcati @ast gaBAOLAgY e Ak, askevel 0k 409
| ess include el ectron-beam 15 |ithography and gocused

i on beam it hograpbyefbow, bhreughpuhdi mozephellLerle

and further, there is a problemthat the Iithography

devi Lebbecanesnekpehsiyee aschmprsaherkezakirgn ipr oceeds to

In contrast, nanoinprint |ithography proposed by 20
Chouleprave tseipexpedsngedandisvtractive as a

fabrication technique having a resolution of about 10

nm (Uni t e@"SEXEBBLPaPéNE Né6Croizpsigas)oncheshetqug is

use a stanger ir mgi?h E Eterns have been forned by

el oct7 SIS BBATT It RAGFAphy 4AG-PBACEEVE% BR ErBRFHG® 25
(RIﬁgroggggtwh?cﬁl£H285e90%¥g?5?ghrgggQ%%%y%%tg large area

at once. However, it is difficult to manufacture a

fine structure of 400 nm or less because it does not

have resolution for a wavelength of light or less.
Although examples of the microfabrication technology
of a level of 400 nm or less include electron-beam
lithography and focused ion beam lithography, low
throughput is a problem, and further, there is a
problem that the lithography device becomes expensive
as miniaturization proceeds.

In contrast, nanoimprint lithography proposed by
Chou et al. is inexpensive and attractive as a
fabrication technique having a resolution of about
10 nm (United States Patent No. 5,772,905). Chou et
al. use a stamper in which patterns have been formed
by electron beam lithography and reactive ion etching
(RIE). First, a film of polymethyl methacrylate
(PMMA), which is a thermoplastic resin, is formed on a

silicon substrate as a resist. A thermal cycle
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(PMWA), which is a thernoplastic resin, is forned on a
silicon substrate as a resist. A thermal cycle - 3
nanoi nprint is performed using the above-descri bed
stanper and patterns are transferred onto the resist.
Resi dues remai ning at the bottom of recesses of the
resist patterns are renoved with oxygen R E to expose
5 the surface of silicon. Then, for exanple,

m crof abri cati on of the substra%e is perfornmed by
etching using the resist patterns as a mask, and after

fi i .and.the |i.ke_is forned, . wri is f d
AT S S e P A S SRS
! . s n | 2 erre . . E.si
R L e 7 R vl 4 LT e

usedesadhet eahRessing Lypenkmpeibbn BRthedesand @ e
hi gh pressure type inprint nethod at room

t enpeeat sit epaAt e hosghreheetlyveype: enabkegehi ghky t35expose
preci se patterns to be forned, there is a problemin

the th¢fonnfegeobft heliesist Thecknéss beeapse,

fluidity of the resist before the UV curing is high,

and ToEetabronaeiorheff tAenesbsotatheist napérrand bhe

substrate affect the resist thickness directly. 20
Fur t her T8¢ apefInhhlear pF bbF eRPEREENEheScashaps, hpgH after

becauseg. its,necessit 0, have -transm sivity. Ln
t he o?lg%b%és%gga?ypé?¥d¥§k%rfFohyévegonVFééPﬁo s formed

occups easilygbgeause, ofheptkng, and throughput is

not good due %o heating and cooling steps. Further, 25

the uniforphky1ek bheahhigkness hstabso:acpLAR! gaLLLKS , 4
UV type imprint method (in which an ultraviolet (UV)
curing resin is used), a hot embossing type imprint
method, and a high pressure type imprint method at
room temperature. Although the UV type enables highly
precise patterns to be formed, there is a problem in
the uniformity of the resist thickness because
fluidity of the resist before the UV curing is high,
and fluctuation of the flatness of the stamper and the
substrate affect the resist thickness directly.
Further, stamper has a problem that the cost is high
because of its necessity to have UV-transmisivity. 1In
the hot embossing type, distortion by contraction
occurs easily because of heating, and throughput is
not good due to heating and cooling steps. Further,
the tniformity of the thickness is also a problem like
the UV type because fluidity of the resist is high at

heating.
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the UV type because fluidity of the resist is high at
heating. 4 Accordingly, considering mass-productivity
and uniformty of the resist thickness, the high
pressure type inprint at roomtenperature in which a
pattern formation is perforned at high pressure

W thout 5 heating, so that nonuniformty of thickness
between the substrate and the stanper is cancel ed by
applying a high pressure, is preferable. However, in
the case of using the high pressure typefinﬁrlnt,_
there occyrs _a.problemthat the amount of t I esi st
displacedggéoiglgggyfugpgﬁ§d8FLPﬁem6§ftgfﬁgd %&Ylty and
f'll&ﬁgfégﬁ?§§e§fothetPQSEQEt%E@ék%@%%?stquggghn%rggsure
the area ratio of recesses to protrusions in €ac

pat t aregr ohtt Be r8baAMPehpbdatVae. iRCniFeCANALt ter;
821,@%26(2%%5)). A D%R nediaphag aatalareaé inc:l%éllng‘;srv1

r ecof dimgt t vacks, pandorhbdseevpighegsekBokudisAghant
address portion, a preanble portion and a burst

por theat ing, wapchhéhenaneaifatinotyobrmagnekhessaberivakn
is different in each area. Accordingly, the area ratio

of rdeesse’stoaprotPdsibasstenpeheiparearalied by applying
different in each area of the 20 stanper for

manu? det R i PECASHITR medli BreA8rabiesul foweiAder iphghe case
condition that, the. stanper is pushed. into _the resist

S ITE RIS it P8 BRCESFhet hiBRnéBEORC - | RESF B PEEUTS

resid ré@f&%”%ﬁgtiPhéegfﬁgﬁngE Lhe ES%%% 8288 62ed by

depen I Ng on the area ra recesses
protyusi onsi HhstHe s4@8MPSfrerns and filling recesses of

the patterns varies depending on the area ratio of
recesses to protrusions in each pattern area of the
stamper (J. Vac. Sci. Technol. B21; 98 (2003)). A DTR
media has data areas including recording tracks, and
servo areas including an address portion, a preamble
portion and a burst portion, in which the area ratio
of magnetic material is different in each area.
Accordingly, the area ratio of recesses to protrusions
of the pattern is different in each area of the
stamper foxr mahufacturing a DTR media. As a result,
uhder the condition that the stamper is pushed into
the resist at its maximum, difference in thickness of
the resist residue remaining in recesses of the resist
occurs depending on the ares ratio of recesses to
protrusions of the stamper.

When dispersion in the thickness of the resist

residue occurs, a problem occurs when the resist
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When dispersion in the thickness of the resist

resi due occurs, a problemoccurs when the resist - 5
residue is renoved by RIE. That is, the resist
residue with thin thickness is renoved earlier than
the resist residue with thick thickness is renoved,
and si de-etching occurs excessively at these 5
locations. As a result, variation in size between the
patterns in the stanper and the patterns transferred
onto the resist occurs. The variation in patterns

s reka LI shental PegaBl Ruga, gt dinaly, althouan
ViSCPéé{MquwEPﬁ Eﬁ?hSEhéckHB%gnEstEgﬁbg%gdeggeﬁggtthan
tenperature are perrtorned, these nethods are not

effe@ﬁéV§e§9§Bt§é§?§§9r@§thBRBEEkSQNW%ﬁXegE I@Eremoved,.
I NVENTI ON  According to one enbodi ment of the present

I 5 iavensioaretbriggi scpuovi dededsiethodaef thakai ng
patterns, conprising: formng a resist on an
undeldyangomat erhal & peesstpgvarskanper ihaging between the
patterns of protrusions and recesses, sidewalls of

whi cpe pEdtraisibnshar etamperedndonhe pheteessstroostermed
20 a patterned resist having patterns of protrusions

and °TeRekResresi gewarFersf whihehvproeELSNoAs AReterns

t d; .form a protective filmon the patterned
rggséf?é b%r?g%ﬁgﬁ@ngn?go??ﬁﬁiﬁr%?ching to | eave the

e oo TR Bt BLURIEL! Bt e che

resisds{&si fue: §8IBHPI M¥anging viscosity of the resist,
imprint time, and imprint temperature are performed,
these methods are not effective countermeasures.

BRIEF SUMMARY OF THE INVENTION
According to one embodiment of the present

invention, there is provided a method of forming
patterns, comprising: forming a resist on an
underlying material; pressing a stamper having
patterns of protrusions and recesses, sidewalls of
which protrusions are tapered, onto the resist to form
a patterned resist having patterns of protrusions and
recesses, sidewalls of which protrusions are tapered;
forming a protective film on the patterned resist;
performing anisotropic etching to leave the protective
film on the tapered sidewalls of protrusions of the
patterned resist; etching a resist residue remaining

in recesses of the patterred resist using the

protective film as a mask; and etching the underlying
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in recesses of the patterned resist using the
protective filmas a nmask; and etching the underlying
6 material using the protective filmand the
patterned resist as a mask. BRI EF DESCRI PTI ON OF THE
SEVERAL VIEWS OF THE DRAW NG A general architecture
that inplenments the 5 various feature of the invention
wi |l now be described wth [efgrepce to the draw ngs.
The draw ngs and the associated descriptions are
provided to illustrate enbodinments of the invention

and i mit,the, scope of .the_ invention
5H§£%Tgﬁﬁv eﬁpghoafnﬁrgﬁgceigﬁpfé18f Safpgrﬁ§ 5@rned

datar@§§§§ and, sgggg areas of a DIR nedia; FIGS. 2A
2B, 2C, 2D, 2E, 2F, 2G and 2H are cross-sectional

Vi ewss IO IS G X BfE as Rt K0d vOfws oF THE DRAWING

manuf acturing a DIR nedia according to the present

i nventi onA EeGSral3Azandi3Bcaneecenhatgedplements the
cross-sectional views of the etching mask shown in

FI G v2FioandfefFt Gredofsthegiaphnshoni Rgliheow be described
rel ati onshi p between thickness of a protective film

and Vabiafebprenoeofof bhaedrpatnepns SheedohwthesDERA the

medi a manufactured wth the nmethod of the present
|nveﬁf?%ﬁlafﬁﬁAyfﬁﬁrBEBEPP@TFCN PEOTHECANVENTLONStrate

Vi nb dj di .to th nti
o (2o DR LT e naF ePh U PR 081 58 aBY L Bt pamisthe

accogpanying gﬁgmﬁﬁgéntion.

FIG. 1 is a plan view showing ore example of
patterns of data areas and servo areas of a DTR media;
FIGS. 2A, 2B, 2C, 2D, 2E, 2F, 2G, and 2H are
cross-sectional views showing one example of a method
of manufacturing a DTR media according to the present

invention;

FIGS. 3A and 3B are enlarged cross-sectional
views of the etching mask shown in FIG. 2F; and

FIG. 4 is a graph showing the relationship
between thickness of a protective film and variation
of formed patterns size of the DTR media manufactured
with the method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments according to the invention
will be described hereinafter with reference to the
accompanying drawings.

FIG. 1 is a plan view showing one example of

patterns of servo areas and data areas along the
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FIG 1 is a plan view show ng one exanple of patterns
of servo areas and data areas along the 7
circunferential direction of the DIR nmedia. Wen the
DIR nedia is fitted into a drive, a head noves from
left to right relatively to the nedia. In FIG 1, data
areas 10 includes recording 5 tracks nmade of a
magneti c material and guard bangs made of a
nonmagnetic material. The recording tracks and guard
bands extend in the circunferential direction of the

dia, Eac recordéng track is _separated by a

d“r

bandchﬁﬁ“m CaFTaAg Re§C16"cBAst ﬁtDﬂgrpﬁglétra@Wen the
itc The.ra [ the wdth of a rdin .
?rac@T%p%%ﬁla i % QFgg éﬂgPd band i s sé? { MoVESs) from
Ther%@{etotpgg%e@eﬁéyQe% cgagpet Leqmaterial in the

data areas 10 i's about The servo areas 20 are, as

descri bedrpr ?_YGQU§|,Ycatll5 rr@@ghlm dinviided s @Ie%oa"dlng
preanbl e portion 21, an address portion 22, and

burstr@@ktimadQBOfFﬁrﬁhgaéteb,méh@r1é@|aﬁdoﬁubhasbands
areas Wi ll be explained in details. The preanbl e
por thade 24fi 8 prowédedtiormaperfeini ngha pkasediogkedacks
| oop (PLL) process for 20 synchronizing a servo signa
repr@@@c@@@ﬁdcbéeﬂsaﬁdtaﬂd ant shat Férgamhecentiel

% rocess for keeping the_ signal reproductlon
anpl %Eﬂ%ta%5r8ErF5?eW§d%Fth E?égpééFoFG égtrﬁécﬁags
ar|3|n n1rotat|on % Een erlﬁg and the like of a

medi 3° %ﬁegpreaﬁb?e 938 Borti'Bne3T 1§ Pofﬁﬁgegfln a

patt@éHétéHt“BéEPOQHQQ§EEE pitch Tp). The ratio of the
width of & recording track to the width of a guard
band is set at 2 : 1. Therefore, the area ratio of
magnetic material in the data areas 10 is about 67%.

The servo areas 20 are, as described previously,
roughly divided into a preamble portion 21, an address
portion 22, and a burst portion 23. Eereinafter, the
roles of these areas will be explained in details.

The preamble portion 21 is provided for
performing a phase-locked loop (PLL) process for
synchronizing a servo signal reproduction clock and an
automatic gain control (AGC) process for keeping the
signal reproduction amplitude appropriately with
respect to a time lag arising from rotation
decentering and the like of a media. The preamble
portion 21 is formed of patterns in which magnetic

materials and nonmagnetic materials are repeatedly

arranged alternately in the circumferential direction,
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materials and nonmagnetic materials are repeatedly
arranged alternately in the circunferential direction,
- 8 and the magnetic materials and the nonmagnetic
materials extend radially in the radial direction so
as to formcircular arcs. Aratio of magnetic

material to the nonmagnetic material in the preanble 5
portion 21 is approximately 1:1, Nanely, the area
rati o of magnetic material in the preanbl e portion 21
I's approximately 50% Meanwhile, the repetition cycle
int cLrcupferential direction varies in proportion
to tRaar BaFaneah P ot RbTEbar Snfk g RO rERBRe 5o
maveﬁﬁ?QEhaQE EQ%gn8V§Qd§%l?P?iRuEﬁEnggéia%.Fire tion so
circunference, and 1t rs difficult to rdentify £fié

servgsargasoby epticakrdhtEtact hongchibkest he fatac
area 10. The address portion 22 has a servo Signha

recogatékonlcodecral heAmsgh¥0iABMKLc$€610RN the preamble
information, cylinder information and the Iike, which

are pornedni Al Manchesterinetdeliynlt he suamepit chhasatba
circunferential pitch of the preanble portion 21. In
partfeblarofthegegriadeetent ot mani ohei sréerhed msr2@on 21
patterns whose information changes per servo track.

For thi3PPEEORLROUe BENnvel'8pBHEaf eBhEr AgPEEdELiON Cycle

wh t h dj tt ks becones m ni nrum .
e T B DR R T hA L Fr e et SSfcusof SaaapoBEoRort ion

2 0oL AR, Sk oper UL RN becores oLl 208

codeyavelength or less even at the outermost
circumference, and it is difficult to identify the
servo areas by optical diffracticon, like the data
area 10.

The address portion 22 has a servo signal
recognition code called servo mark, sector
information, cylinder information and the like, which
are formed in Manchester code in the same pitch as the
circumferential pitch of the preamble portion 21. 1In
particular, the cylinder information is formed as
patterns whose information changes per servo track.
For this reason, code conversion called Gray code
where the change from adjacent tracks becomes minimum
is carried out such that the influence of address
reading mistakes at seek operation becomes small, and
then, the information is recorded in Manchester code.
The occupancy rate of magnetic material of this area

is approximately 50%.
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The occupancy rate of magnetic material of this area
is approximately 50% - 9 The burst portion 23 is an
of f-track detection area for detecting an off-track
anmount froman on- track state of a cylinder address.
Patterns of four marks called A, B, C and D bursts,
anong which there 5 are pattern phases lag in, the
radial direction, are forned. [n the respective
bursts, plural marks are arranged in the
circunferential direction at the same pitch as that

in the Prﬁﬁgbhgr Orh09@¢oxh%30X%|%n0f‘fe%fﬁ tuﬁgbe ion

the radial direc s in propor tion to € CYyC

of t§§e§d§5§5§e9@EE§ﬁB ah- 8ff-wgc§eg}49wtcr%% cxe| %n-
For exanple, a pattern is fornmed in which each bur st

mar ket §ckostetef 0f 10coyehasri AdbRessCi r eurkenent il rour
direction and is repeated at twice the cycle of the

servioatkackatyeltierj ndt he radi al blbsdisr eatoan. whiikee there
the burst marks are fornmed of a nonmagnetic material,
the areapaat¢onopraaghetac inmatéei akdinlt Hé rABEDohur stre
is approximtely 75% Al though the ABCD burst is

expl apFeedas &n taﬁaﬁﬁﬁ@eﬁﬁlVﬁebb@ﬁgﬁ pBAtireR P3riks are

FIG 1 atterns_ 20 ma formed_to perform phase
diff%?%ﬁg%ege?gotgﬁnFFB um$ﬁée8Feﬁ rSFE8CBFoﬁaéﬁeFP€ same

TR S51 Bl 05D PORSERE! LLELASE BELVCCRR(IB1E Locie o
RS oL ALokP PRSDE BLLOL LS BH AR bt <.
the cycle of the address pattern, i.e., the servo
track cycle. For example, a pattern is formed in
which each burst mark is formed for 20 cycles in the
circumferential direction and is repeated at twice the

cycle of the servo track cycle in the radial
direction. Since the burst marks are formed of a
nonmagnetic material, the area ratio of magnetic
material in the ABCD burst is approximately 75%.

Although the ABCD burst is explaired as an
example of the burst portion 23 in FIG. 1, patterns
may be formed to perform phase difference servo
control. The area ratio of magnetic material in the
rhase difference servc patitern is about 5C%.

As described above, the area ratioc of magnetic
maeterial in each area cf the DTR media to be
manufactured is different. Corresponding to the

difference of the area ratio of magnetic material in

each area, the area ratio of recesses to protrusions
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difference of the area ratio of magnetic material in
each area, the area ratio of recesses to protrusions
10 of the stanper for manufacturing the DIR nedia is
also different. The difference of the area ratio of
recesses to protrusions between the pattern areas of
t he stanper produces dispersion of the thickness of 5
the resi st residue dependi ng og the pattern area.
Because of the dispersion, exc dsive side- et chi ng
occurs and size of the patterned resist varies. The
|nven%0£geof t he rgsent |n%ent|on havggdlscovered

t hat °t he 8bdVve H8scr Pheli*BPOBIEHE “E4n © SoFvEgBy 16 also
formyngea, protectiyve tilmhbaving eL%hln? resis tancg on
i fté& résist,

the sidewalls of protrusions 6f “the pa Fné

to preventesi ds- %FGBkBgloggeng@ggkeugg a-rethad g eas of

manuf act ur i ng a nedi a accor Ing to t e presen

i nvenhé ot kBpshopRctNcedSdFkESrs28nt 8 £2HneASHIRQWR SisN o £
FIG 2A, a magnetic film2 is forned on a substrate

1. Bxaeptesisft theidubstieatedinpnehudee bithiwm based
crystallized glass. An exanple of the magnetic film?2
is aBsoaeat| ed peependbeubarndoabbes2@veagéderedichaing
having a perpendi cul ar nagnetic recording |ayer on a
softO%ﬁHé?|%9%rS%F?hOﬁ|ehep@ﬁﬁﬁaﬁrpﬁtyeSlEXaﬁpregsof The
soft, magnetic |aIs i ncl ude CoZr, CoZrNb, and
CbZr%%V %%%Hsa? o§ @ﬁ%ﬁﬁPeslBVePﬁéoqr@éB?dPﬁ@cpﬁﬁé?G

i nclu Fur her an 25 | ernmediate | a de
of a nonnagne PeVRater T ar ﬁ% 18hEEaR" e TvdEY

forming a protective film having etching resistance on
the sidewalls of protrusions of the patterned resist,
to prevent side-etching.

One example.of a metnod of manufacturing a DTR
media according to the present invention is shown in
FIGS. 2A to 2H.

As shown in FIG. 2A, a magnetic film 2 is formed
on a substrate 1. &Examples of the substrate 1 include
lithium based crystallized glass. 2An example of the
magretic film 2 is & so-called perpendicular double-
layer media having a perpendicular magnetic recording
layer on a soft underlayer with high permeability.
Examples of soft magnetic materials include CoZr,
CoZrNb, and CoZrTa based alloys. Examples of the
recording layer include CoCrPt. Further, arnr
intermediate layer made of a nonmagnetic material may
be arranged between the soft underlayer and the

recording layer to cut off the exchange coupling
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be arranged between the soft underlayer and the
recording layer to cut off the exchange coupling - 11

i nteraction between the soft underlayer and the
recording |layer and to control crystallinity of the
recording layer. Ru, Pt, Pd, W Ti, Ta, C, Si,

al l oys including these elenents, and their oxides and

5 nitrides can be used as materials of the

internedi ate |ayer. However, fructure of the

magnetic film2 is not limted to these. Next, a

resis or.imprint is fornmed_on the .nmagnetic film

2. A&é%%?%%?l%ﬁ?%%gygeguﬁ?%bfg*?oPngerlﬁy Fo&@és‘§ﬁch

as Lpg;atte e, Lgprin SS,.,l L ected as

Che Tesi ot > deptnding on the hEgh GoASTRy . Fober drng"e
medi gedOr dEndrarufact ured, FUItpgr, witois prequired;

that the resist is softer than the stanper "'nateri af

SO tdiatopatiet Nsd Diig Priot s&iSé DaBeand, r 86855881 $50QN4gEBeang
surface of the stanper can be transferred certainly

at imprimengsaancke thaedidshaststabisi vy tbe presemn¥@iate
the patterns of protrusions and recesses transferred
af t er2Ydri MewRyv L. rvom clenperaf uklee mIpeeefor &i1nh2 is
glass transjtion tenperature and the 20 nelting point
oft%&rﬁﬁ@@%ﬂ?a ¥eSroom tenperature. To be nore

concrete,, it. is_desired that the resist iis soft
enough toN%étab?er?%lfFa%sg%F tABTL1pht t8r ASTHFC on the

D S s ondyi ogesses: oL e SAMEL, oLy BAPRILEL .

trfﬂﬁﬂééégbt§ﬁﬁﬁ”é§L%@%ﬂ§n&OQf§éPrt$§S§mprint process, is
selected as the resist 3 depending on the high density
recording media to be manufactured. further, it is
required that the resist is softer than the stamper
material so that patterns of protrusions and recesses
on the surface of the stamper can be transferred
certainly at imprinting, and that it has stability to
preserve the patterns of protrusions and recesses
transferred after imprinting at room temperature.
Therefore, the glass transition temperature and the
melting point of the resist are above room
temperature. To be more concrete, it 1is desired that
the resist is soft enough to be able to transfer thre
patterns of protrusions and recesses of the stamper at
a load cf 500 bar and more, and it is desired that its
glass transiticn temperature is -00°C or less.

Therefore, although examples of the resist are

photoresists such as a novolac resin used in
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Therefore, although exanples of the resist are

phot oresi sts such as a novolac resin used in 12

sem conduct or processes and a spin glass (SOG, it is
not limted to these. As shown in FIG 2B, patterns
are transferred by pressing a stanper 4 onto the
resist 3. The stanper 4 5 is, for exanple, made of

ni ckel . The stanper 4 has patterns whose protrusions
and recesses are reversed Froﬁr he patterns of
protrusions and recesses to be transferred and has a
dlfferent area _ratio of recess Erotru5|ons in

cach Pt teFoarRh, PPROGFEES £B010 GBEI A 4°G0ad00)s it is
releggtnglﬁrgggrkx ofLthe stanper, the sidewalls of

protrusions 1n the stanper are tapered. Further, the

process tg@si gRrE¥eihherkel easi ngpLOper by« Qf, Qﬁy%erred by
stanmper is normally perforned. By pressing the

st anpessthegshdevahbsrofi WAkehtpEOkEWSKONS ar @ntkapeLager 4
15 onto the resist 3, the sidewalls of protrusions of

t he ipatfernsxtopbe, t naosf err edckelt heThesisstamdedr @ has
tapered. When the stanper is pressed at inprinting,

t he pans¢des ofhpeeepsesriniansared wherestheaareaeversed
ratio of 20 recesses to protrusions of the stanper is

| ow {%% FhghpaSiaEnar el PROFFESioBy PBIf FEFedswst o be
resi st rst nd the protrusions will not be able to

be E¥%§§ g i n aﬁ?de?gh@rdlﬁfeFﬁPE PEFAt Fabefagderecesses

rece D;area where the area ratio of recesse
D5 (R BT T e baaS ot Mt RECLL AAPLF Tl RPGh (tReoIoer to

leftoéfQ?n a good releasing property of the stamper, the

sidewalls of protrusions in the stamper are tapered.
Further, the process to improve the releasing property
of the stamper is normally performed. By pressing the
stamper the sidewalls of which protrusions are tapered
onto the resist 3, the sidewalls of protrusions of the
patterns to be transferred to the resist 3 are
tapered.

When the stamper 1is pressed at imprinting, the
inside of recesses in an area where the area ratio of
recesses to protrusions of the stamper is low (the
right-side area in FIG. 2B) is filled with resist
first and the protrusions will not be able to be
pressed in any farther. At this point, beceuse
recesses in an area where the area ratio of recesses
to protrusions of the stamper is high (the left-side
area in FIG. 2B) are not filled with resist, there :is

room for the protrusions being pressed in. When the
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area in FIG 2B) are not filled with resist, there is
roomfor the protrusions being pressed in. Wen the 13
pressing is continued, the stanper is slightly

di storted, the protrusions are pressed in farther in
an area where the area ratio of recesses to
protrusions of the stanper is high, and the recesses 5
inthis area are also filled m@gh resist. In this
manner, how far the protrusions”are pressed in varies
depending on the area ratio of recesses to protrusions

in each area of sta and differences in
t hi dknessof tﬁec?%gf%&le?esrd%es'b%%? irﬁeséfaf’élylo

after. the st [ . Lepoye s shown in FI

A Shins R Eohs ot S LEEPAED LB POPRRM, O rafrer o0
the fransfery ﬁgr@aﬁﬁéré‘réo"%Tié éf’r%’gegﬁeéh@o
patterned resist 3. materi a havi ng a hi gher

et chh ng: Fesi shanee thanstHepkesi sthBqhedandi pecetehibhges
15 at renoval of the resist residue described |ater),

is usethferatde @f@t@tibVﬁllayﬁrwfk“FbéglsalthDﬂghhlS

the difference in etching resistance is the

di f frexemee, i mowphysi tlad pesistahcestanardresbedngn varies
etc., that is a difference in hardness, and a

di f feeReRBI MY eheRiealr2d Fesiatahceetonard RPEPI@téE—,SlOHS
that is the difference in reactivit i's not

espe%”a???bl?ﬁ??eﬂf 2F ¥ARTHh a%@aﬁbfé%r%?c%snﬁ?eFT%I

f Imb5, | t al

oxarp bP LR EE Y ol i SLal "o o8GR ot FFFRE
(for, £X »f?e J{%QE‘% AL20B) o284 81 DBL AL, GOTROERE .
(for ex [ an 1 norganic

As shown in FIG. 2D, a protective film 5, to
protect the transferred pattern fcrm, is formed on the
patterned resist 3. A material, having a higher
etching resistance than the resist 3 regarding etching
at removal of the resist residue described later, is
used for the protective layer 5. Here, although the
difference in etching resistance is the difference in
physical resistance toward milling, etc., that is a
difference in hardress, and a difference in chemical
resistance toward RIE, etc., that is the cifference in
reactivity, it 1s not especially limited. Although
examples of a material of the protective film 5
include a metal film (for example, Ti, Ta, W, Pt, and
Al), a metal oxide film (for example, TiO, and Al»03),
a metal compound (for example, Ai1Ti), an inorganic
material (for example, SiOp and C), an organic polymer

(for example, & general photoresist), and a
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material (for exanple, SiOQ2 and C), an organic polyner
(for exanple, a general photoresist), and a 14

| ow nol ecul ar organi ¢ conpound, it is not especially
limted as long as it neets the above-descri bed
condition. Further, in the case of fabricating fine
patterns 5 of 400 nmor |ess, the thickness of the
protective filmb5is prefe_rabi 1 nmto 15 nm Wen
it is1nm or less, afilmw good filmaquality
cannot be formed along wth the patterns, and the

.etcrljléj L rl(e?3| tarncoerlasmnéat ooodunén cont gc%t %@(ﬁ&lémy

is o ot 11° becones Wi f |cu

filmalong w tfbwea&alte 4t s R helovdecasise; bog

etching time increases, e process tine Itself gets
Iong-g;ndlm &xanple of a met hod of form ng the

protective film5 is a sputtering nethod. The

sputteri natsh@oodin 15hé NcaBSSe prosivet ¥t iygantineapatcerns
provide a filmwth good quality. Here, in the case of

usi nf & desirstosudsas tle ptiot oressstof whire hpepabtesve
etching with oxygen, as a resist for inprinting,

Si @flmuim%m%r@@kmuhgﬂmvm hl$ | %br i néheased gasl nm
such as CF4 and_SF6, js 20 greferabl y fornmed

sputerisig F‘@hr@h]é‘? W %aJsJelmo@%JsPhﬁ %\a?%%?s?e

such.as a S bl es_ et chi ng fluorine
PSP OTE e LT broT TN CAF bSRC bR ch

enabes atehing with oxygen, 15 corefecabl ynleredibyis nn

sputtering as the prot
and more, it becomes difficult to form a film along

with the patterns. Further, because the etching time
increases, the process time itself gets longer.

An example of a method of forming the protective
film 5 is.a sputtering method. The sputtering 1is good
in mass-productivity and can provide a film with good
guality. Here, in the case of using a resist such as
a photoresist, which enables etching with oxygen, as a
resist for imprinting, SiOp, which enables etching
with fluorine based gas such as CFg and SFg, is
preferably formed by sputtering. Further, in the case
of using a resist such as a SOG which enables etching
with fluorine based gas, as a resist for imprinting,
carbon, which enables etching with oxygen, 1is
preferably formed by sputtering as the protective
fiim.

Dipping can be used as another method of forming

the protective film. In dipping, the protective film
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Di ppi ng can be used as another nmethod of formng the
protective film In dipping, the protective film- 15
can be forned along with the patterns for a plurality

of nmedia at once. Here, in the case of using a

phot oresi st, which enables etching with oxygen, as the
resist, a SOG which enables etching with fluorine 5

based gas such as CF4 and S=6, $s preferably dipped as
a protective film Further, inthe case of using a
SOG which enables etching with fluorine based gas, as

[ , in t I st i ch .
S SRS B O S M D sy
é.o ROt eGLI Ve, I gAAEeb.Be%?%&See,_ the protectd v filmd o, be

i pped 1's not adsorbed chenmically into the resist, the

pul lsiip sRaed shopl dibe. dacreasad-f hSUPPH8SSkygen, .as thre
vi bration of the liquid surface. The nhethod of” form ng

t he qutact ivesdd,| mbidis eddpnod didhted ¢ ocit hesgof e

nmet hods and spray coating, inkjet coating, etc. can

be usethd Amnguddieses mEHotsd D g f arsmipuge e prrlot eodiveed as

film dipping is preferable in the mass production

aspecter A athioin finlnml GEFRE hdyy, ani sore opi e et thisgnofa

20 the protective film5, the protective film5 is

| ef tSOGn WHER Here Sitfevial NS it priotiusi hsPdted hezs, as

patterned resist 3. In the anisqtropic etching,. |

bhe Tdee 19t Pt ekas e 91 FAL o 5 50t T oy Eakh

as crystal anisotropy,. .t is preferred to e a nmean _

25 fer%azo lpea h osmamng i%lnt}T oon@.'g e Tretthod of an%ir(ﬁ s(% Ff%%? ¢S @
protective film. Because the protective film to be
dipped is not adsorbed chemically into the resist, the
pull-up speed should be decreased to suppress
vibration of the liguid surface.

The method of forming the protective film 5 is
not limited to these two methods and spray coating,
inkjet coating, etc. can be used. Among these methods
of forming a protective film, dipping 1s preferable in
the mass production aspect.

As shown in FIG. 2E, by anisotropic etching of
the protective film 5, the protective film 5 ié left
on the tapered sidewalls of protrusions of the
patterned resist 3. In the anisotropic etching, in
the case that protective film has no anisotropy such
as crystal anisotropy, it is preferred to make a mean
free path of an ion long. The method of anisotropic

etching may be selected from methods such as ion

milling and RIE depending on difference of the etching
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etching may be selected from nmethods such as ion
mlling and RI B depending on difference of the etching
16 - resistances of the protective -filmsS. As shown
in FIG 2F, resist residue remaining in recesses of
the patterned resist 3 is etched by using the
protective film5 remaining on the sidewalls of 5
protrusions of the resist 3 as mask. Perform ng

ani sotropi ¢ etching using nEthegs such as RIE and

i nductively coupling plasma (1CP) is preferable for
renmovi ng .t he res t residue. Because the sidewalls of

pr ot o S Tﬁﬁt&ﬁ?ﬁ?%ﬁ%??ﬂtﬁ%ﬁn d by the 10
protectlve f| 5 hav % g% ghe£l£$5|g§ nee 9%%é?§£ng in

t he etchlng us %Pln t he~ T esi st

res'r%tce%s%tg]%f té'}?%: ﬁdﬁfﬂ:}e%& he sidewalls Of cneq by using

protrusions is n this step, although the

resitle sl e ive an Bf ea whel & the dihi chkaessddfaihe of

15 resist residue is thin is renoved earlier than the
r esiggto trresd itires i0f athearess Wtere ddes thd cknesBetr Sorming
thick, it is necessary to continue the etching until
t he argsistraresi dueching hesareanatherds ast i ckneSEE | and
thick is removed. Although etchlng usi ng reactive 20
i onstNBieria g 4y sHOUEL i Sotaopy, (Stile-et m%eo%kétﬁ stor
at the tinme when the resist, residue i s renmpve
HowehRdt2 Vg tHE priesietit 15RA6HtS on, R HE $esiiat ?Je%?%lels of

can be renmoved in all patt ern areas haV|n i ff rent
A e RS %%u? er

IUSl ns o e ns re
ar ea{j 10 O pr O%I‘USI ns queSS SYd

et Cm{&%%%ll% §il'g§xvﬂd] Sa or{lcﬂlfég rﬂ“ééf’é@alpéetgéealnst
the etching used in this step than the resist 3, the
resist 3 other than that on the sidewalls of
protrusions is etched. 1In this step, although the
resist residue in an area where the thickness of the
resist residue is thin is removed earlier than the
resist residue in an area where the thickness is
thick, it is necessary to continue the etching until
the resist residue in the area where a thickness is
thick is removed. Although etching using reactive
ions generally shows anisotropy, side-etching occurs
at the time when the resist residue is removed.
However, in the present invention, the resist residue
can be removed in all pattern areas having a different
area ratio of protrusions to recesses without side-
etching because the sidewalls of protrusions of the
pattern are protected by the protective film 5 having

a higher etching resistance than the resist 3.
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pattern are protected by the protective film5 having

a higher etching resistance than the resist 3. 17
Because of this, variation of the pattern size from
the pattern size of the stanper, which is a designed
val ue, can be suppressed i ndependent of the area.
Because the top of the patterned resist 3 is 5 etched
by renoving the resist residue,with anisotropic
etching, the formof protrusions beconmes the form
shown in FIG 3A. FIG 3A is an enlarged view of one

of the protrusions shown. in FIG . 2F. As ' I

3, TR it 15 ol ot (e Lo 6t Theht oractobs Shettfrar
5i ' itdio e LeP-Rfith

resi%:s}?é éﬁ%ﬂ?@s%%ﬁ %foﬁg%t€5§$$%?h1%9ﬁ%§ ﬁ%gﬁ designed

resigiance agaimstsiher &4 soh nonh@dp&eadNE NgrofnEesish.
resi due, and etchi ng does not proceed while the top of

t he prot resionse of hé heopeststhd pstetehed. rd5iAs Shawn

in FIG 2G the magnetic film2 is etched using the

pr otentliav® By | merboaindg t tiee pat ¢ eshedesi@gésviBhagnasotropic

mask. Ar ion mlling, for exanple, is used for

f abrécatimh ofhe hecaghbtPeotTied 2ns ApeEANgs thaeform

etching with ion nilling S gerforped b¥ setting 20 _

t he SV nct dehit- aryl e T6° 30°antS 70" sent ARESthdifl. of one

deposjti.on can be suppressed to L mpate gana e of .

the §er T OhaGHOLT e Cebr GG | Sgct 1C1 ne bt dey ot gHewt i

SUPPE£SS the ez deposi 1i.on, . byy e for gt ngi et cbi.pgcpi L

thepﬁléh %&gl%s? ?ﬁ%léfdema | s of ﬁe pa?ter%s ogcthe

25 npgngtd ¢; { i pberop®, f apesedoat« 8BQUEL 40nE0tdB: of the
resist 3 because the protective film 5 has high
resistance against the etching at removing of resist
residue, and etching does not proceed while the top of
the protrusions of the resist 3 1s etched.

As shown in FIG. 2G, the magnetic film 2 is
etched using the protective film 5 and the patterned
resist 3 as a mask. Ar ion milling, for example, is
used for fabrication of the magnetic film 2. At this
time, etching with ion millirng is performed by setting
the ion incident angle to 30° and 70° so that the re-
deposition can be suppressed to eliminate damage of
the ferromagnetic recording layer. In order to
suppress the re-deposition, by performing etching with
the high angles, the sidewalls of the patterns of the
magnetic film become tapered at about 4C° to 75°.

The etching mask, the structure of which is shown

in FIG. 327, manufactured with the method cf forming
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The etching mask, the structure of which is shown in
FIG 3A, manufactured with the nethod of formng - 18
patterns of the present invention, causes a favorable
effect at fabrication by etching with high angl es.
Normal |y, the resist form ng the protrusions of the
patterns, which beconmes an etching mask, is renoved 5
partially when the resist resigdue is renoved and

et chi ng resi stance decreases. wever, because the
position at the top of the protective film5

protecting the sidewalls of protrusions e -
pat thet & Liq‘sS hi fg ﬁtehre than 1 he %E)Vsel r[éljloénrp’at c Eﬁ;seé :Th oab fo Ve haéb Le

10 Q§§%€é§:%ttﬂg%fﬁéggfghrﬁ%”é%éﬂ%?%}ag@émsﬁiﬁﬂcﬁﬁ@ges.

from hi gh angl es does not decrease even when the

top \frmdie, Fesistrdsist etehethg Hes ef seruasosonn the
FIG 3B, the etching resistance agai nst etching from

hi ghpaangd @ss ofwh hen esdonac| ardi exgettheg pradlect i verémbdwed
15 5 and protrusions of the resist can be inproved. As
showriti Al G Wen tihee ress st reasedbast anrerecdd ngnd
mask is removed together with the protective filmb5.
Renoiiath 079 thees Feisiste 3§ &r 9erdor netPWE T a P¢enveF nghe
met hod suitable for the material of the 20_resist 3.
Al t R 261 eXanphe Of° the Famovd D ret Hod™ * 18 T enoval
by SF6 gas_using an | et chi ng machine. in. the case
; ' P protrusions.
et S TEE T e R St e
Ehi S5 A% BECa5S O JRBNGS. n & L 06888 1 LRMBYI B cop of the
impurities on the surface of the magnetic 25 film
processeg: stich1@s Mashing Wihsvates fBYibec etching from
the high angles does not decrease even when the top of
the resist 3 is etched. Therefore, as shown in
FIG. 3B, the etching resistance against etching from
high angles of the mask including the protective film
5 and protrusions of the resist can be improved.

As shown in FIG. 2H, the resist 3 used as an
etching mask is removed together with the protective
film 5. Removal of the resist 3 is performed with a
removing method suitable for the material of the
resist 3. Although an example of the removing method
is removal by SFg gas using an ICP etching machine in
the case of using SOG as the resist 3, it is not
limited to this. As occasion demands, a process
removing impurities on the surface of the magnetic
film processed such as washing with water may be

performed.

Furthermore, steps included iIn the normal method



performed. Furthernore, steps included in the nornal
nmet hod 19 of manufacturing a DTR nedia such as
formation of a flattening filmnade of a nonmagnetic
material, an etch-back process for flattening,
formation of a protective film and coating with a

| ubricant |layer 5 are perforned for manufacturing a
magneti c recording nedia (not. shown). As described
above, when a DIR nedia is ~ factured using the
nmet hod of the present invention, excessive
side-etching at renoval of the 10 r sistééesidue can

be SdpPrédséd -aid\Far atitom st & K hatt et d 76 after?
nan%ﬁ%%t%khn iQ% WEdkgsE&O@iﬂg%mégﬁééﬁé;ﬁ% é%fglthQ1
e

X I nd
st anpér Which i's a HES|gned value, “ can ecrease

! nd%Q%ﬁd%%tckOfortol?:%s%r &dr ’%Iltal'{‘%llégﬂvﬁdg,e AL on of a

invention is éxplai ned above h a met hod of
mangfactwtiing & DR Bl adas iy wxa e,udhe-dmt hod/er
of formng patterns in the present invention is not

| i matred plea fidtine carfd d tmdrs: falntuishg tdhatadriecian decording
applied to other mcrofabrication methods using the

hi gimepiiessurcg tsyyevri)npri nt met hod. 20 Exanpl es of

ot her m crofabrication nethods include a nethod of

f abri cat iffg e ssitikash st r atheusedTh Bedia is

sem conduct or device. EXAMPLES The_ present invention

i s SPidTSd I§sedFincaliie MR Rf SOPES BE ow,

invention, excessive side-etching at removal of the
resist residue can be suppressed and variation of the
pattern size after manufacturing the media from the
pattern size of the stamper which is a designed value,
can be decreased independent of the area.

Although the present invention is explained above
with a method of manufacturing a DTR media as an
example, the method of forming patterns in the present
invention is not limited to this and it 1is obvious
that it can be applied to other microfabrication
methods using the high pressure type imprint method.
Examples of other microfabrication methods include a
method of fabricating a silicon substrate used in a
semiconductor device.

EXAMPLES

The present invention is explained specifically
using examples below.
(Example 1)

A DTR media was manufactured using the method of
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(Exampl e 1) A GIR nedi a was manufactured using the

nmet hod of - 20 the present invention shown in FIG 2.
A lithium based crystalline glass substrate of 2.5
inches in dianmeter was used as the substrate 1. After
washi ng the substrate 1, it was introduced into 5 a
sputtering machi ne and the magnetic |ayer 2 was
formed by depositing a soft ug? rlayer, an
internedi ate layer, and a rec ing layer in this
order. The above-described materials were used for

the soft underlayer and the internediate |ayer. 10
CoOrPE A AFb e STSPl g e 20 Noxt | 506

trad i T-7. 8000T fact by .T. -
(trade n%ﬁ%ﬁﬁﬁ¥%ﬁm “aseé)c?%sggﬁﬁﬁ &E%%Q%d%gogyygke of

Ohka Kogyo 'd.) " was spin-"coate rpm on

the ;magnelde d ayery:2-as 46 d 68l a3 -Meybstrate 1.
pre-baki ng was performed at 100C for 15 20 m nutes and

t he A3Q6 Mas: JHRGR; t:0have s slid abl e+ Rhargdnessrddiced into
inmprinting. On the other hand, the stanper 4 to

t r arsfsgrut teatitrey ne dro e sirst {(SOE)t i3 iasy qar eparaeg.
The stanper 4 to be used : WAs stanper patterns 20

cor fespaddiay depadia igar vo mrfdas:(dawclaydng an addr ess

portion and a preanble portion (the area ratio of

r ecéSSEs e imrtst rigsicons ans! BORS At e burstr pdr tiford

(1he ien 1 9hLo 9L tecesses Lo, potiuslons 1.8 190) o,

pr OttrhlileSis% iusn e7r0/i)a' ye-I;:h ea ndoe IClcthhe Of n tr e(:‘}:crr(\:‘\es’dS ieast eOflaF yheer .
CoCrPt was used Zor the recording layer.

Next, SOG (trade name: OCD T-7 8000T,
manufactured by Tokyo Ohka Kogyc Co. Ltd.) was spin-
coated at 6000rpm on the magnetic layer 2 as the
resist 3. Then, pre-paking was performed at 100C for
20 minutes ana the SOG was made toc have a suitable
hardness for imprinting.

Cn the other hand, the stamper 4 to transfer
patterns to the resist (50G) 3 was prepared. The
stamper 4 to be used has stamper patterns
corresponding to the servo areas (including an address
pcrtiorn and a preamble portion (the area ratio of
recesses to protrusions is 50%), and a burst pcrtion
(the area ratio of recesses to protrusions is 75%))
and data areas (the arez ratio of recesses to
protrusicons is 67%). The depth of recesses of the

stamper is 90 nm.

To perform the imprintirg, the stamper 4 was
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stanper is 90 nm To performthe inprinting, the
stanper 4 was 21 dipped in a perfluoroal kyl
derivative which is a fluorine based parting agent
and the releasing property at inprinting was
enhanced. First, in order to increase adhesiveness
bet ween the perfluoroal kyl 5 derivative and the

st anper nmade of nickel, the stfpper was oxi dized in
an asher at 40C and nore for 5 m nutes. Then, the
stanper was coated with the perfluoroal kyl derivative
using a |l ouver containing a sqlutjon obtaLn,edhbyS 5

di | GEYRE et 1Fudt ol Yetdrer g derivative whic

( - CF2- 0- (CF2- CF2- O.m ( CF2- Q) n- 2- as. a

o TR R S RS e TR i Lo 281

( manuf act ¥: p0l vaY; 20l exi s, Genpany) - v id h®rder
st a ‘e?ng%ggmgﬁﬁggie J§?9f§§%§?or f%g%inu%€§§%¥ a{ Brde

ni t regemn ed SOt s i dendBYs WEssddlg the e ocrsseshikyl
stanper 4 onto the resist 3 (SOG5 at 2000 bar for 1

M Nued; ids patdrer nthe warangaansfds retl A ockde, reseé s¢tamper
3. The depth of recesses of the resist 3 after the

pat tvers dxiatisfest imeasn abdutr 80 A Bndrichecrs dkness of

the resist 20 residue was about 50 nm After

t r arks fEmU RS + hel st t érlves, stdPsubst s at @t e@isy bt acke

in a sputtering machi ne and carbon of 10 nm thickness

as tHﬁ?erfplrLb%réiﬁli% I%V%t% Yor'ed® é%%bervﬁ?%t%h%l“g a

transferred patterns, 25 After. formng the protective
|ayép%ﬁb%qﬁeéhtalned by é§lut1ng per%ﬁuoroﬁof@et er

(HOOC-CF»-0- (CF2-CF2~0) n= (CFp-0) n- (CF»-COOH) as a
perfluoroalkyl derivative with GALDEN-HT70
(manufactured by Solvay Solexis company). Lastly, the
stamper 4 was annealed at 150%: for 10 minutes in a
nitrogen environment.

By pressing the processed stamper 4 onto the
resist 3 (SOG) at 2000 bar for 1 minute, its patterns
were transferred to the resist 3. The depth of
recesses of the resist 3 after the pattern transfer
was about 80 nm and the thickness of the resist
residue was about 5C nm.

After transferring the patterns, the substrate
was placed in a sputtering machine and carben of 10 nm
thickness as the protective layer 5 was formed along
with the transferred patterns.

After fcrming the protective layer 5, the
protective layer 5 was left on the sidewalls of

protrusions of the resist 3 by RIE using oxygen gas.
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protective layer 5 was left on the sidewalls of
protrusions of the resist 3 by R E using oxygen gas.
22 Then, the resist residue was renoved by RIE using
SF6 gas. The RIE was performed by using an | C?
etching machine at etching pressure of about 2 niforr.
After renoving the resist residue, the magnetic 5
filmwas etched by Ar ion .mlling. At this tine, the
etching by Ar ion milling was perfornmed by setting the
ion incident angle to 30 and 70 so that re-deposition
can be suppressed to elimnate damage of .th .
f er MOPEGneti TEcorditig Y r‘”.asAs:eaT"g Sty elﬂ}% 1Hin9 SFe
si dewal | s . of rusi Qns_of_th et | ilm2 £,
t apered atTonaenglrfltE 4616 .Orﬁietogrgry?ggsﬁﬁc t%%gf%heé@%mg
magnetl, g fd 10 SOG; whioh o dis-d her resist B.n¥as: .

& éﬁby JB 16@% Tts D mWeSy

renpove FfIEusmg gas. At this tine, the ICP

et chi ng el ner sy Use 18 #dsist Lo tis@ble f OFhéhBagnetic
renmoval of the resist residue. It was confirned that

car Fann nvdhe quraieddy ver fidm:-o Maisng | i fatedclof§ time, the
together with the SOG of the resist 3. Then, washing

Wi t letwatierg was Aperfar med 1iong emovere ffamoredeont tachedy the
to the surface. 20 Variation of the pattern size in a

t radieon dmcididrtessPlor tion 0%addda 'Bir 8¢ pBREi 6F~68FPPRé&tION

manuf actured DTR, nedia fromthe pattern size of the
st a8 P BIPI S S£UES dhed Ve ,Gi‘/{%\%g%o%%a'f’é%l and
it vges confirmed that téw.

25 i d:erpo&?c%\n%t]ocf’]rt Ceorarl:nrag. l\l\alafep?r d?L%’ e‘?‘n]yeg@f‘lc?t{k%]
sidewalls of protrusions of the magnetic film 2 were
tapered at about 40° to 75°.

After fabriceting the magnetic fiim, SOG, which
is the resist 3, was removed by RIE using SFg gas. At
this time, the ICP etching machine was used as 1t 1is
used for the removal of the resist residue. It was
confirmed that carbon in the protective film 5 was
lifted off together with the SOG of the resist 3.
Then, washing with water was performed to remove
fluoride attached to the surface.

Variation cf the pattern size in a track, an
address portion, and a burst portion of the
manufactured DTR media from the pattern size of the
stamper, which is a designed value, was compared and
it was confirmed that there was hardly any variation
incepenrdent on the area.

Next, a DTR media was manufactured using the same

method as described above except changing the
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Next, a DTR nmedi a was manufactured using the sane

met hod as descri bed above except changi ng the 23

t hi ckness of carbon of the protective film5 to 0.5
nm 1 nm 2 nm 5 nm 15 nm and 20 nm Further, as a
conparative exanple, a DIR nedia was manufactured by
usi ng the sane nethod as descri bed above except not 5
formng the protective filmb5. VYariation of the
pattern size of each nanufacttUred DIR nedia fromthe
pattern size of the stanper was exam ned. The

rel acthiiocmSheisps boef:tr Weerrb“-nt hcj-tCk*nfleeSSDPétéJLe‘f \P% ortle r% i é/eté Hm
and variation of thHe 10 patterm size of the burst

portd' .@_’nﬁ(\,’helr %vji,hez q{n?,a 5 rrﬁ'&,i 0 fnr{,ec§r§§e250 trgn. Further,

protrusions of the stanper 1's argest, is shown in

FI Gad.z Helnpavali el io@f1d hes mat teddh $1%8s dhadbactured
burst portion is the absolute value of the deviation
amowit fdio0m thre paddemesiae of ddSscifteestanpes awespt not
the renoval of the resist residue was perforned in

t he fourstngporhe arrdtogethier Wt $he track. An atomic
force mcroscope (AFV) was used for the nmeasurenent.

In the conparative exanpt eehiehis-2¢ hef cadeht hat

there is no protective fil variation 20 of the _

pat T H AT RS IR ri?ﬁma’hggm tihe Parigest . s1ze of the
Variation of the pattern size was observed in some

degrat G VI THCTHE TH kil of -1 B ottt & a7 | m

was o NI A €58  HONRKSTacd 114 NE: TIRAL R, T W b4 NEe e
protective 35 1M was forned 1 nm an nore, variation of

25 the pattern size was Motsohbserved,, where the area

ratio of recesses to protrusions of the stamper is
largest, is shown in FIG. 4. Here, variation of the
pattern size of the burst portion is the absolute
value of the deviation amount from the pattern size of
the stamper when the removal of the resist residue was
performed in the burst portion together with the
track. An atomic force microscope (AFM) was used for
the measurement. In the comparative example which is
the case that there is no protective £film, variation
of the pattern size was 10 nm, and was the largest.
Variation of the pattern size was observed in some
degree, in which the thickness of the protective film
was 1 nm or less. Hecwever, in the media in which the
protective film was formed 1 nm and more, variation of
the paitern size was not cbserved.

Next, the depths of recesses were compared with

respect to the DTR media of Example 1 manufactured
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Next, the depths of recesses were conpared with
respect to the DTR nedia of Exanple 1 manufactured 24
using a protective filmwth a thickness of 10 nm and
the DTR nedi a of Conparative Exanple 1 manufactured
wi thout the protective film An AFM was used for the
nmeasurenent. The depth of recesses in the DIR nedia 5
manufactured in Conparative le 1 was 25 nm In
contrast, the depth of recesses in the DIR nedia
manufactured in Exanple 1 was 40 nm and recesses with

a significant depth coul.d be .qobtai ngd. expl Ai an
abov%l&? L?sifrfgotflpcélvf, tl%ims W|lst%beacgl]cuséc@?}eesgr(eésjﬁs ag%né nd
10 | Nty efehin ey Igh; End % TTEAMe DY red
fm%@ba%ﬁ%&n%ﬂfﬂ%ﬁ%%gﬁﬁﬁ%%m%Dﬂ?mmaea

was Janactyred, Using ithe same  met hods ass £xased efdr cre
except using a novol ac photoresist 15 (trade nane:

S18Qika gBufeant ur edh by dRahimand ddsass &3 et rome CDTR media
Materials) as the protective filmS. By reducing the
pul Imarm fspead-eaf irhe guirstatatee (Bxangig n) wahesd tie. In
novol ac photoresist was fornmed by dipping, the
substardtma stas drratdad il thf tIRC ot rigsi Gte ab ohgnedi a

with the formof the patterns to fqén1a protective h
fil Mot B TR ahi ik e P Aard 13 onf O h%“%aﬁ%?%s%? 74 S

0,8 RS PO O or 80 S0 PSR PALLL A0, 81,8 B e
pat Lag{o”vm%isggo% A8 22 o3 AMRYs W Gl Y8Se 3 4251 80PMcance
against etching from a high angle is improved by
forming a protective Iilm.
(Example 2)

The DTR media was manufactured using the same
method as Example 1 except using a novolac photoresist
(trade name: S1801, manufactured by Rchm and Haas
Electronic Materials) as the protective f£ilm 5. By
reducing the pull-up speed of the substrate (1 mm/min)
when the novolac photoresist was formed by dipping,
the substrate was coated with the photoresist along
with the form of the patterns to form a protective
film of 10 nm thickness.

Variation of the pattern size 1in a track porticn,
an address portion, and a burst portion of the
manufactured DTR media from “he pattern size of the
stamper, wnich was & designed value, was compared and
it was confirmed that there is hardly any variation,

independent on the patterned area.
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it was confirnmed that there is hardly any variation,

i ndependent on the patterned area. 25 Wile certain

enbodi nents of the inventions have been descri bed,

t hese enbodi nents have been presented by way of

exanpl e only, and are not intended to limt the scope

of the inventions. |Indeed, the novel 5 nethods and

systens described herein may bg enbodied in a variety

of other corms; furthernore, v Pi ous om Ssi ons,

substitutions and changes in the formof the nethods

and syst . descri bed herein. my, be de w thout

depar {1 ng T+ b tHE" Sb7 rTECGH I TRECT nvbnt 1ok v 100 TRES have

accqim ycﬁé"sgcrcllk?écms 9ﬂ ?é h@rhkﬁo@% X‘?% el'%\% & Een pres?nted
o d woul d

i ntended t0 cover ‘su orns or H% Ifications as

fal lpyifhin, £ he, st and, spifht-0f the | entionss 1imit
26 - WHAT IS CLAIMED IS: 1. A nethod of form ng

pat tEHdSs c SO § SE G inF T AGs & r'BsESEa PNt idd rovel
underlying material; pressing a stanper having

pat tresttsodd Pprdtspsions e andi becassesin shaewat | smiobdied
whi ch protrusions are tapered, onto the resist to

f or mra pataerned ¢esitsher havimg: patterasnefe, various
protrusions and recesses, sidewalls of which

pr otd st DHE Br eSilapleredt 197 nihg @ pretecthvenei fogmnof
the patterned, 10 resist; perform ni sot ropi c

i n
ot CHTY T 1o @ hesY S St b et /et Fr i LT He Taperadnade

si dewal.l s_of . o . . .
WA H S departing from the spirit of the inventions.
The accompanying claims and their equivalents are
intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.



protrusions of the patterned resist; etching a resist
residue remaining in recesses of 15 the patterned
resist using the protective filmas a mask; and
etching the underlying material using the protective
filmand the patterned resist as a mask. 2. The

nmet hod according to claim1, mherein the 20 protective
filmis fornmed by sputtering. 3. The nethod according
to claim1l1, wherein the protecélve filmis fornmed by
di pping. 4. The nethod according to claim1, wherein

the protective film fn0|cr 8 Bray.coating. 25 S.
The nmet hod accordi ng kg cl agee% Xwﬁerel)én t he

protective f 34 rﬁétsrgcprgipdfcb% AKj &1 £ coatd ngcor@pr Theng:

nmet hod accor ng to claim1, vvhereln the 2

protecti vg, friidg has-as 1 ckness Oiddr i@ raé'r@maf
The nmet hod according to claim1l, wherein the

protecti erddd Md s madkanmir ehaetad seteetes ¢6f oproheusions
group consisting of Ti, Ta, W Pt, and Al. 5 8. The

met kot acoordiary tolddva M sl, o wheriein phetrpsiotestd ye
filmconprises a netal oxide selected from the group
consiasts iRyl oforTh O henof SR1Z03 1 TThen ret Bt Jicedst off %@15t

to claim1l1, wherein the rotective filmis made o 11
met é}avdo?ﬁJdiPrFoterﬂF ”F I HOY BCOrfingS 1o ¢l %Jr(flr?wa s

n .the CH%lrotectlve fllmcongg)rlses a materi al

|
sel e%te@*?%rﬁﬁ “HrBUp EonsiETHY" of an i norganic
naterlal’f@ﬂmfﬁ@aylﬁrotec;lwe film on the patterned

resist;

performing anisotropic etching to leave the
protective film on the tapered sidewalls of
protrusiocns of the patterned resist;

etching a resist residue remaining in recesses of
the patterned resist using the protective film as a
mask; and

etching the underlying material using the
protective film and the patterned resist as a mask.

2. The method according to claim 1, wherein the
protective film is formed by sputtering.

3. The method according to claim 1, wherein the
protective film is formed by dippirg.

4. The method according to claim 1, wherein the
protective film is fecrmed by spray coating.

5. The method according to claim 1, wherein the
protective film is formed by inkjet coating.

6. The method according to claim 1, wherein the
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pol ynmer conpound, and a | ow nol ecul ar organic
conpound. 15 11. The nethod according to claim1,
wherein a position of a top of the protective filmis
made to be higher than a position of a top of the
patterned resist when the resist residue is etched.
12. A nethod of manufacturing a magnetic 20 recording
nmedi a, conprising: formng a qunejic filmand a
resist in this order on a substrate; pressing a
stanper having patterns of protrusions and recesses
Si devval I S tolfvevM}J clh rotr usclh% e 23t aggedo

t he Fr&SiS§T 46 forn1a paf?erne reS|st aV|ng patterns

of protrUﬁ' O%sea%ﬂwsa%‘éor&q Jespanding 1o @@éy@m the

areas including an address 28 portion, a preanb

por i and @ unst ipomtdden.ofand mdadia @Jl@@cémCﬁm Nghe
a recording track, sidewalls of which protrusions are

t apered;p fmsing iagraft acit,i i ,f il mion tdred patterned 5
resist; performng anisotropic etching to | eave the
protective film oretthwed tapeyedisd dewatlsinfl, wherein the
protrusions of the patterned resist; etching a resist

r esifpe acdriaiani fig M 1F arrdsiees Zofine i t%@%@at%%%%foed from

resi st using the protective filmas mask; and
et cHilfy IS RGeSt M9 Miudi Ty e rﬁ‘]oﬁ%%t ive
9. The method according to claim 1, wherein the

protective film is made of a metal compound.

10. The method according to claim 1, wherein the
protective film comprises a material selected from the
group consisting of an inorganic material, an organic
polymer compound, and a low-molecular organic
compound.

11. The method according to cleim 1, wherein a
position of a top of the protective film is made to be
higher than a position of a top of the patterned
resist when the resist residue 1is etched.

12. A method of manufacturing a magnetic
recording media, comprising:

forming a magnetic film and a resist in this
order on a substrate;

pressing a stamper having patterns of protrusions
and recesses, sidewalls of which protrusions are
tapered, onto the resist to form a patterned resist
having patterns of protrusions and recesses

corresponding to servo areas including an address
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filmand the patterned resist as a mask.

- 28 -

portion, a preamble portion and a burst portion, and
date areas including a recording track, sidewalls of
which protrusions are tapered;

forming a protective film on the patterned
resist;

performing anisctropic etching to leave the
protective film on the tapered sicdewalls of
protrusions of the patterned resist;

etching a resist residue remaining in recesses of
the patterned resist using the protective film as a
mask; and

etching the magnetic film using the protective

film and the patterned resist as a mask.



