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*159159* - 1 TITLE OF THE | NVENTI ON MAGNETI C

RECORDI NG MEDI UM METHOD OF MANUFACTURI NG THE SAME,

AND MAGNETI C RECORDI NG REPRODUCI NG APPARATUs\uwmmu"mm”m”mlm“,
BACKGROUND OF THE | NVENTION 5 The present in ﬂ
relates to a magnetic recording nmediumfor use ki3gsg
e.g., a hard disk drive using a magnetic recording
techni que, a nethod of manufactluring the same, and a
magneti ¢ recordi ng/ reproduci ng apparatus using the

same. 10 As a neans for increasing_ the recording

density of a nagneti%I?%%o@@i%%ﬁr%%Y%%ﬁE@%g

tus, it | i -
bet 2@@%@@%5@%@%3&@%%@%2& M TURING THE
o e, Ui S S SRR OO s
magnetic recor di ngrapradie R aRRARKIIIONN a

flying system which perfornms recording/reproduction
by flying #e pheachfromént obat tadafBgnesdi & dagkette

an ultra-low flying magnetic head system by which the
head decdmiiaty 2Ll wserdo wsli vt aneey of 4 emaodddnak odrive
less to a rotating nmagnetic disk, or a contact system
by whising téhendweekic oomiduoustsclbroupght ¢ method of
contact with a rotating magnetic disk. If this
spacitg i B qtegiiced, thhwvweaes, IRAra dMONSGLeynani ¢
attraction of the head occur. A technique
recording/reproducing apparatus using the same.

As a means for increasing the recording density
of a magnetic recording/reproducing apparatus, it is
possible to narrow the spacing between the head and
disk. To this end, in addition to decreasing the
surface roughness of the disk, it is being attempted
to change the system of the magnetic
recording/reproducing apparatus from a flying system
which performs recording/reproduction by flying the
head from a rotating magnetic disk, to an ultra-low
flying magnetic head system by which the head is moved
close to a distance of ten-odd nm or less to a
rotating magnetic disk, or a contact system by which
the head is continuously brought into contact with a
rotating magnetic disk.

If this spacing is reduced, however, wear and
dynamic attraction of the head occur. A technique

which solves this problem is described in, e.g.,

Jpn. Pat. Appln. KOKAI Publication No. 60-263330. In
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whi ch solves this problemis described in, e.g., Jpn.
Pat. Appln. KOKAlI Publication No. 60-263330. In
*@00002* 2 this technique, in order to stabilize the

| ubricating properties between the head and nedi um
surface for |ong periods, fine projections are forned
on the magnetic disk surface by a patterned

protective film5 to form | ubricdant~ reservoirs between
these projections, thereby alleviating the wear and
dynam c attraction of the head. Unfortunately, these
fine thivdjeethvhgueontni aréctohagtalithzghkhe lubricating
record|ng/rgﬁ%odu0|ng?elenent duri ng cont act recordlngr

10 arkFPRpY ottt PohY e hel BBy gRAe Bt i R heyt Surface £
Especjally when a %netoresigtive effect N@Q c

el ene ?n?spﬁgﬁ%d%’ gﬁ RoREROR-caPT2d® t Rer fa ea383r|?§

in . re u n S [ - -
neat edurse B EE EAAARY T TR R REHESELPE fitn
an objectoah 1herPELSENteOYEHL}ONLE OwePhOVHEE A

magneti ¢ recordi ng nedi um capabl e of stably

r epr oslts] et Deh @, byhé eelbigi APl éhes tbhg asper wéyrcatngedynamic
by the contact between a magnetic head and the surface

of a atagreticom echHr dhagherdi unVnOrPunagedyi cthese fine
recordi ng nedi um of the present invention is

char aeter¢getony conprisiagcansapstvate, tha magnetic

recording |layer formed on the substrate, and a ,
prote%%?%%ﬁ%%@é?e?6?ﬁ%ﬂl%ﬁ ?h%mﬁﬁbn@FFéng contact recording

and reproduction, thereby generating heat. Especially

when a magnetoresistive effect (MR) element is used; a

phenomenon called thermal asperity in which a

reproduced signal is abnormalized by the heat occurs.
BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to
provide a magnetic recording medium capable of stably
reproducing data by reducing thermal asperity caused
by the contact between a magnetic head and the surface
of a magnetic recording medium.

A magnetic recording medium of the present
invention is characterized by comprising a substrate,
a magnetic recording layer formed on the substrate,
and a protective layer formed on the magnetic
recording layer, substantially made of diamond-like
carbon, and having a plurality of projections formed
on its surface,

wherein the projections are formed by forming, on
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recordi ng |layer, substantially nmade of dianond-1ike 25
carbon, and having a plurality of projections forned

on its surface, wherein the projections are forned by
formng, on 3 the protective |ayer, an etching mask
conprising a mask underlayer and a mask pattern | ayer
stacked on the mask underlayer and having an island
structure, and perforning dry etching after that. 5
Anot her magnetic recording medi um of the present
invention is characterized by conprising a substrate,

a maghke i ereeectdvaglagger #br erbah bRO t hes ks upeTpaieing a

and a protective layer formed on the magnetic
r ecor® g F%%%?lagﬁﬁs?%ﬁt?aT??knﬁ@%t%Fndi%ﬁ%ﬁdsFFREeﬁoon

carbo and ural i ro ect for
on 1 e A sk GRe e Pre cand e Bl pPance LFEY fEfCture,
summi £ 54 0fc LS. PLI GELT QDS YEEVEALLD Badl I ect I on

per pendi i um surface’| ~LM2 or | ess.

is A ”agneAhStﬁ@Eoﬁgbﬂgé5@pEQQHEHQH%aﬂgéﬁﬁﬁyéfoﬁhéhEresent
present invention is characterized By conprising a

per pengy 4t 8én nﬁgn@ﬁafza&@é@iQé@gbyres@m}?w@m@i §i B@v8trate,
substrate, a magnetic recording |ayer forned on the

substa ategnandc arpeoteéchyveayayefofoededn onhé hguBdtrate,
magnetic recording | ayer, substantially fornmed by

Di ankuil¢k@r@@¢@bhveah@yﬁavfﬁgmadp@@rbhetwa@metic
projections formed on its surface, and an MR hea

wher ef 9P R&L BF o} BEEF ongURF BARBEARAY bYader A nalaraﬁn@hél ke

carbon, and having a plurality of projections formed
on its surface,

wherein an average plane area of summits of the
projections viewed in a direction perpendicular to a
medium surface is 1 umz or less.

A magnetic recording/reproducing apparatus of the
present invention is characterized by comprising a
perpendicular magnetic recording medium comprising a
substrate, a magnetic recording layer formed on the
substrate, and a protective layer formed on the
magnetic recording layer, substantially formed by
Diamond-like carbon, and having a plurality of
projections formed on its surface, and an MR head,
wherein the projections are formed by forming, on the
protective layer, an etching mask comprising a mask
underlayer and a mask pattern layer stacked on the
mask underlayer and having an island structure, and

performing dry etching after that.
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protective |ayer, an etching mask conprising a mask 25
underl ayer and a mask pattern | ayer stacked on the

mask underl ayer and having an island structure, and
performng dry etching after that. 4 Another magnetic
recordi ng/ reproduci ng apparatus of the present

invention is characterized by conprising a

per pendi cul ar magnetic recordi ng* nedi um conprising a
substrate, a magnetic recording |ayer 5 forned on the
substrate, and a protective |ayer forned on the

magnet i ¢ rBeBEBPAgRREDEF 1GndeRAEE 168/ rPaREHGNTk@PParatus

b d MR d, i | it f
oroj oCF i DS BFESFBF nbd SR CaCtul PatBoBRCERAZRRoPECt i ve

'ayerc?ﬁggiangxggsgﬁp§h§98u§§?amggnégiéug?%%?ggkggﬁgdium

proj ections Vi irection ~“pérpeén

J . | .
Pﬁvgg??@gfaiﬁgg'é guSEH?%Qé, §Sﬁagg%§§cpE§§8951ngalayer

It possible to st reproduce data

by reflyshag thernal sasperhty, caHged Byotkhei¢entagkr formed
bet ween the nmagnetic head and the surface is of the

magnedn cthecnadhagioededordAddi Lagsal aabj matis amd
advant ages of the invention will be set forth in the
descripanondwhikd céobbowsandndni MRpheedwi Whebein a
obvious fromthe description, or may be |earned by
practPteratithecforrayenrtions Fre &pFeeflscang surface of
advant ages of the invention ga% be realize

r

obt ai FE8. BySHESNG S LEHEE | AGHy AReAYSF PG ARG 2res of
conbi pathops BATLASULALL Y- RBHD 690U BR"§' B3LEE i on
perpendicular to a medium surface is 1 um2 or less.

The present invention makes it possible to stably
reproduce data by reducing thermal asperity caused by
the contact between the magnetic head and the surface
of the magnetic recording medium.

Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly
pointed out hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,

illustrate embodiments of the invention, and together
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BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
25 The acconpanyi ng draw ngs, which are incorporated
in and constitute a part of the specification,
illustrate enbodi nents of the invention, and together
- 5 wth the general description given above and the
detai |l ed description of the enbodi nents given bel ow,
serve to explain the principles f tThe invention. FIG
1lis aflowhart for explaining an 5 enbodi nent of a
magnetic recordi ng nedium manufacturing nmethod
accor'h iy the tHRNpFRL e SCTHVERR OBl VED @b%% sapd the

sche tlc ectional  view fo xpl ai ni.n
ooboon TS A Patr it £ (OF efE e Su BB, giyen pelow,

ﬂa”“f E&glggcgféfggnagﬁg ffgc légeoprgﬁgnlnve?tion.

I nventi on, sectional view

expl ai ni ngp{ge fn?gdgr@%weﬁa ’aefHPQQ%!LSlB?E@rthg
medi um nenuf acturing method according to the present

15 i nueidd DRent| & 4 h8grRe SCOHERBED£d 58§ hOBRLN VI ew for
expl ai ni ng the enbodi nent of the magnetic recording

medi unameahad act 1id nge tedd odlc accodt Wy Ngo t ohé herpsesent

invention; 20 FIG 5 is a schematic sectional view for

expl aimveryt tdwe; enbodi ment of the nmagnetic recording

medi um manuf act uri ng net hod according to_the present

i nvention; FIG. 2 is a schematic sectional view for
explaining the embodiment of the magnetic recording
medium manufacturing method according to the present
invention;

FIG. 3 is a schematic sectional view for
explaining the embodiment of the magnetic recording
medium manufacturing method according to the present
invention;

FIG. 4 is a schematic sectional view for
explaining the embodiment of the magnetic recording
medium manufacturing method according to the present
invention;

FIG. 5 is a schematic secticnal view for
explaining the embodiment of the magnetic recording
medium manufacturing method according to the present
invention;

FIG. 6 is a schematic sectional view for
explaining the embodiment of the magnetic recording

medium manufacturing method according to the present

invention;
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FIG 6 is a schematic sectional view for 25 expl ai ning
t he enbodi nent of the magnetic recording nedium
manuf act uri ng net hod according to the present
invention; 6 FIG 7 is a schematic sectional view for
expl ai ni ng the enbodi rent of the magnetic recording
medi um manuf acturi ng net hod according to the present
invention; and 5 FIG 8 is a scHenatic view show ng
the arrangenment of an exanple of a magnetic
recordi ng/ reproduci ng apparatus of the present

i nventi on. FBETAY LEPD BESERPPFFEN SRCTHENRRVENFYOKICTO0
The present invention js roughly_classified into ,
| nventABheL Aebr g FRo PSR L BEf FAEHMagPEEEs FBcBEding

descri ped.Ref o, - A Imanet i 6or £c0r di ng, oedLupm, 2ckor giigent
to a first  INVentron conprises a substrate, —a
magnet i s tecohdingq is layer formed on the substrate,

and a protective layer fornmed on the nmagnetic

recording rayers havhngchenhyial bi¥wobknphohgcthans
formed on its surface, and substantially nade of

di anontlednhkemeat bon, anhexenpl éhef propgnétoas are
formed by form ng, on the protective 20 |ayer, an

et chi recomdkngongp i sflnginag naskanates| afethe apdeaentsk
pattern |layer having an island structure, and

per f ok $IY- BPY- et chi ng by using this etching mask

after that.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is roughly classified into
inventions according to first to fifth aspects to be
described below.

A magnetic recording medium according to a first
invention comprises a substrate, a magnetic recording
layer formed on the substrate, and a protective layer
formed on the magnetic recording layer, having a
plurality of projections formed on its surface, and
substantially made of diamond-like carbon, wherein the
projections are formed by forming, on the protective
layer, an etching mask comprising a mask underlayer
and a mask pattern layer having an island structure,
and performing dry etching by using this etching mask
after that.

A magnetic recording medium according to a second
invention comprises a substrate, a magnetic recording
layer formed on the substrate, and a protective layer

having a plurality of projections formed on its



A magnetic recording nmediumaccording to a second 25
i nvention conprises a substrate, a magnetic recording
| ayer forned on the substrate, and a protective |ayer
having a plurality of projections forned on its 7
surface, and substantially nmade of dianond-I|ike
carbon, wherein the average plane area of the summts
of the projections viewed in-a direction perpendicul ar
to the nmediumsurface is 1 Vn2 or 'Less. 5 A magnetic
recordi ng/ reproduci ng apparatus according to a third
i nvent i bR ednpr @ esUP fieamagnel ¥ cnade cof df hgmeedr ke

to the first invention, and a magnetic ,

@umplts

accordi ng
r ecor%ﬁ”ﬂr@‘)ﬁ‘ eptRtRt gt head AadP RgP AR MR BF2nht th

1
ing to
1 ectl?%c%?a?%ndlcular

magnet i ¢ [ecordinaly eprogiclng appar al s, ageord
a fourth inhvention conprises The magnetic g

medi um ageor gl g, Og § fL, SECPQ; | m@n# Oflessand a

magneti ¢ recordi ng/ reproduci ng head having an MR

element. 15 Madhéthci pYeRLhOAgPEEYE8ScangELPREratus

manuf acturing the above-nenti oned magnetic recording

medi Wi ceodd Stdga stiepsd of nfenbitg eompgneés Cthe magnetic
recording |ayer on a substrate, formng a protective

| ay erreuinsd amg i redd yumealecofd dhgnondthé kéicat bonventibe, and

- 20 magnetic recording layer, form ng a mask underl ayer
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on theNdyrR ekt i VRCIRYEry/ FoP APRYC AN graRRapana BERg | apeMR
havi ng an island structure on the mask underl ayer to
obt ai Tt &FF8t chi ng mask, and performing dry etching by

A magnetic recording/reproducing apparatus
according to a fourth invention comprises the magnetic
recording medium according to the second invention,
and a magnetic recording/reproducing head having an MR
element.

A fifth invention provides a method of
manufacturing the above-mentioned magnetic recording
medium, comprising steps of forming a magnetic
recording layer on a substrate, forming a protective
layer substantially made of diamond-like carbon on the
magnetic recording layer, forming a mask underlayer on
the protective layer, forming a mask pattern layer
having an island structure on the mask underlayer to
obtain an etching mask, and performing dry etching by
using the etching mask to form a plurality of
projections on the surface of the protective layer.

In the first, third, and fifth inventions, the

mask pattern layer is formed on the protective layer
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using the etching mask to forma plurality of 25
projections on the surface of the protective |ayer.

In the first, third, and fifth inventions, the nmask
pattern layer is formed on the protective layer 8 via
t he mask underlayer. This makes it possible to

control the shape of the nask pattern |layer so as to
forma fine island structure,” cdhpared to a case in
whi ch the mask pattern layer is directly fornmed on the
5 protective layer. Since fine projections formon the
surfa%bao¥h$r@ﬁ%¥yu%@%hb@Y%¥ote£b¥%em$b9%r}ti@o$§lble to
possi bl e to reduce the contact area between_ the head

and prfet?t ohe ShaPeuphrls TaeknRRrtheperizycfTy.as to
I'n thﬁ secongiand.ffuréh %nve tions, a groéective 10 i
fil mhailng a"pfutarfty ofpr FETt i SHEPREVT ng®an Case in

aver avgr?iéllr'”{‘?ul,é I{oi’%ﬁgepé'{@grr?fl&yéE”?s ofiiJ:géI?%ﬁi/Sfchrﬁé@don the

on the surfac t he magneti c” recordi ng nedi um

Accorghgdysivd 18yPPSSi Hlgcd or i REUSL-Y ber CONs aLSrRI 688 the
bet ween the head and projections, and suppress thernal

i's asperfdye dhetlp eseptettvedtpoocattivdel &xptai hedis

in nore detail belowwth reference to the

acconpaswyimbe to anedigece R doshaws areaniodaceemi tige head
step flowhart for 20 explaining an enbodi nent of a
magneatd peepedi hons meaidns wepéast uherge headperity (TA).
according to the present invention. FIGS. 2 to 6 .

i | lustratelBchefatfeCBectNdnaPufFnsnventions, a protective

film having a plurality of projections having an
average summit plane area of 1 pmz or less 1s formed
on the surface of the magnetic recording medium.
Accordingly, i1t is possible to reduce the contact area
between the head and projections, and suppress thermal
asperity.

The present invention will be explained in more
detail below with reference to the accompanying
drawing.

FIG. 1 shows a manufacturing step flowchart for
explaining an embodiment of a magnetic recording
medium manufacturing method according to the present
invention.

FIGS. 2 to 6 illustrate schematic sectional views
for explaining the embodiment of the magnetic
recording medium manufacturing method according to the
present invention.

First, a nonmagnetic substrate is prepared. As
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for explaining the enbodi nrent of the magnetic 25
recordi ng nmedi um manuf act uri ng nethod according to the
present invention. First, a nonnagnetic substrate is
prepared. As 9 this nonmagnetic substrate, it can be
use, e.g., a glass substrate, netal substrate,

pl astic substrate, or Si substrate. It is also
possible to use a substrate obtained 5 by forming an
under| ayer such as a netal filmor dielectric filmon
the surface of the nonmagnetic substrate described
abovethiWencanaggaei fcsreebrdrag hbdFam beruse, e.g., a
per pendi cul ar. magnetic recording is to be forned, a

10 softasmghePselahderTayet €aASheaf8r nB42pbiGed8HPEREATE,
under| ayer and nonmagnetic substrate. The shape of the
subst?%tilciﬁbﬁgr%t%rsk, and the dianeter of the disk

is, e.g., 9F8§ %ls%débsgigﬂﬁoEpguégcE?éﬁbgg? Egaggﬁéined

a
of the subStrate’is sira S posSs

Then,;, aSe SARWAG T Bn Flife 212 fe PRENERT GsT SCRAEELNIr 1 hAYBE
2 is fornmed on"a substrate”1 (SI). A ferromagnetic

mat erd a1 éscHs€drasmt bhStABYBELEScer 8€0EHENFohRAYBhetic
The ferromagnetic material contains 20 at |east one
f er r oswlgset 2 ce @t atrSiekechledvérom t he group consi sting
of Co, Fe, and Ni. More specifically, in addition to
this ferrofiagneti vageedlic reherfléngonagnan Eomateri al
further contains at |east ,
perpendicular magnetic recording is to be formed, a
soft magnetic underlayer can be formed between the
underlayer and nonmagnetic substrate.

The shape of the substrate can be a disk, and the
diameter of the disk is, e.g., 0.85, 1, 1.8, 2.5, or
3 inches. The flatness of the substrate is desirably
as high as possible.

Then, as shown in FIG. 2, a magnetic recording
layer 2 is formed on a substrate 1 (S1).

A ferromagnetic material is used as this magnetic
recording layer. The ferromagnetic material contains
at least one ferromagnetic metal selected from the
group consisting of Co, Fe, and Ni. More
specifically, in addition to this ferromagnetic metal,
the ferromagnetic material further contains at least
one metal selected from the group consisting of C, Si,
Cr, Pt, Pd, Ta, Tb, Sm, and Gd. The magnetic

recording layer can be formed on the substrate by

sputtering. Also, a multilayered structure of an
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one netal selected fromthe group consisting of C Si,

25 C, Pt, EId, Ta, Th, Sm and Gd. The nagnetic
recordi ng |layer can be formed on the substrate by
sputtering. Also, a multilayered structure of an 10
arbitrary ferromagnetic material can be used as the
magnetic recording |layer. Furthernore, a netal film

or netal oxide filmexcept for &8, Fe, and Ni can be

i nserted between the ferromagnetic material |ayers of

5 this nultilayered structure. After that, as shown in

FI G 3rbitprby ebeFyenagngeic ghgdeiat aagi haonded ke the
carbon filmis forned on the magnetic recording Ia¥er,

2 (SMa9TRel @i BRI Rkel %P hon FYFRNREEOLR. spaetal film
structure 10 as,its I n_conponent, .and_can_cqntai n
oxygen- m%@%fo%ﬁh?enf??%g%ﬁ?ggﬁdg?ﬁec?fkE?’Tﬁgg b8 8an pe
di amoidsLikeq SREROL, TLLL £20- 08 LRLER PYrefily 1ayers of
sputtering, ., Of ion beam evaporation. et ching

stop {Qyermiay; phoorbe §ornBdues, the 15 protective
| ayer 3. As this etching stop layer, it is possible

to use, e.gfted Phatp asSkkowar ial @oGnas, | ayprotective
Furthernore, as shown in FIG 4, a mask wunderlayer 4

I s folagelr 0B tmiee podt &cdiyechayei k8 ¢&SBpon 2OIm is formed
Desi rabl e characteristics of the mask underl ayer 4 are

that ¢ohethéfhajngtio réeonateyi dbyef a fB8k. pattern

layer to be formed on the surface of the mask .

under | ayer Thej dipnoee-1hka chaPoRofihB® BRENBAISFrkétructure

as i1ts main component, and can contain oxygen,
hydrogen, nitrogen, and the like. The diamond-like
carbon film can be formed by, e.g., sputtering, CVD,
or ion beam evaporation.

An etching stop layer may also be formed on the
protective layer 3. As this etching stop layer, it is
possible to use, e.g., a Pt, Si, SiC, or alumina
layer.

Furthermore, as shown in FIG. 4, a mask
underlayer 4 is formed on the protective layer 3 (S3).

Desirable characteristics of the mask underlayer
4 are that the affinity to the material of a mask
pattern layer to be formed on the surface of the mask
underlayer 4 is lower than that to the diamond-like
carbon film, so a fine island structure readily forms
when the mask pattern layer is formed. The use of the
mask underlayer makes it possible to control the shape

of the mask pattern layer so as to form a fine island
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carbon film so a fine island structure readily forns
25 when the mask pattern |ayer is forned. The use of
the mask underl ayer nmakes it possible to control the
shape of the nmask pattern layer so as to forma fine
i sland structure, conpared to a case in which the mask
pattern layer is directly formed on the protective

| ayer. Exanples of the mask Ondétl ayer material are a
5 netal, netal oxide, netal nitride, and organic

nmol ecul ar material. Exanples of the nmetal are Si, Ti,
and VETTRESUFR, seoBReABdetPhasea it alsWRARNDENBABAFY

renoved Q% drigetching usi n etching gas such_as
I

an .
10 CH2EXahpl 63Yof %ﬁedhé?%glﬁxfaémﬁﬂd fet3f REPFegEive
are fg 2, Si3N4, TiO and A1304, because these
conpounds”™ "are readily renovabl e by the use of a

fl i ne-b ' S i
uori ne-bazeflo18LChENgndaRa 15 HAER1 80X Ok AL RE; B Bl -

met al oxi de, et al nitri SCr | ove IS

used mstd he maskl sRdE] avetaltRecalfEni hyqt rfhgiABSK
pattern | ayer can be controlled by nodifying the

surf aseletutlde maskriabder| ayer by a sil ane coupling
agent or the like. 20 Exanples of the organic

nmol ecul ar Ekbmphee af pbeymerali bpeafd, ofgankod W.

nmol ecul ar deposited film fornmable by coating. .
Exanpl es oftthelpoFgreechilFfh FREERI BPtedpabRe bf easily

form ng the mask underl ayer by coating are a
removed by dry etching using an étching gas such as

Cky.

Examples of the metal oxide and metal nitride are
Si0p, Si3Ng4, TiO, and Al304, because these compounds
are readily removable by the use of a fluorine-based
etching gas.

When any of the metal, metal oxide, and metal
nitride described above is used as the mask
underlayer, the affinity to the mask pattern layer can
be controlled by modifying the surface of the mask
underlayer by a silane coupling agent or the like.

Examples of the organic molecular film are a
polymer film and organic molecular deposited film
formable by cocating.

Examples of the polymer film material capable of
forming the mask underlayer by coating are a
hydrocarbon-based polymer, fluorocarbon-based polymer,
and siloxane-based polymer.

As the hydrocarbon-based polymer, it is possible
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25 hydrocar bon-based pol yner, fl uorocarbon-based

pol yner, and sil oxane-based pol yner. As the

hydr ocar bon- based polyner, it is possible 12 to use,
e.g., polystyrene (PS), polynethyl nethacryl ate

(PMWR), polyimde, novol ak resin, polyethyl ene,

pol ybut adi ene, polyi soprene, or pol yethyl ene oxi de. As
t he sil oxane-based polynmer, 5 péRydrnethyl sil oxane or
the like can be used. It is also possible to use a
pol yneric glass material called spin on glass. Wen

t he stP oxahe-DeSed Polydeyrenet ¢PShe B@éwmebhpémﬁéhﬁcrylate
can be_transferred onto the Protectlve f||ﬁ1b¥ X
etchih@M%%H thehY 5B eet | ¥evylakoreehbveBobyethylene,
etchin

f oo iRt Sad: noTi 8o tthS A8r BS ke ray 1 gagegnide.
pol yor_of e #ed) 75, 8 LUBE LEANEC, 6D Do used

Exanpl es of “known s are and Krytox. 15

I't 'Sp&@§@i@é@h§9591§§9ﬁ¥eo§n¥h9fliﬁ@sgagob¥n§§ed It is
materials in an appropriate solvent, and form a

coat|ags¢ag@fspm1éheopu§ée§tp&eyh@ye& Hyausimgta8rial called
coating nethod such as spin coating or dipping. It is

al so possi dheglassor faesutfiaceilayeneohas2d pbeymaskis to
under | ayer by using a photo setting resin or

t her o et$¢hg @e@@hteamd0¢@rh$ahr@@@ﬁeﬁgeﬁagktpayée on

this surface | ayer, thereby preventing m xing th
mask RAE?Fayer %h%me?ﬁh?ﬁé ﬁ%%RlP%y%?d ?h%“sﬁ?%%ﬁ%lvely

ol aver SRy, &S0, b8, [ oLiedi BY YSiNg, % .g., cry or curj.

As the fluorocarbon-based polymer, a
perfluoroether-based polymer often used as a lubricant
can be used. Examples of known products are Fomblin
and Krytox.

It is possible to dissolve any of these polymer
materials in an appropriate solvent, and form a
coating layer on the protective layer by using a
coating method such as spin coating or dipping.

It is also possible to form a surface layer on
the mask underlayer by using a photo setting resin or
thermosetting resin, and form an etching mask layer on
this surface layer, thereby preventing mixing of the
mask underlayer and etching mask layer.

The surface layer may also be formed by using a
silane coupling agent Such as
octadecyltrichlorosilane, octadecyltriethoxysilane, or

octadecyltrimethoxysilane. Since a monolayer of the



5

10

15

20

25

25 silane coupling agen-1C. such as
octadecyl trichl orosil ane, octadecyltriethoxysilane, or
oct adecyl tri nmet hoxys4Ll ane. Since a nonol ayer of the
13 silane coupling agent can be nodified, a very thin
mask underl ayer can be fornmed. As the
fluorocarbon-based polyner, it is also possible to
use a polymer produced in a plaséda of a 5
fl uorocar bon-based gas such as CF4 or CHF3- Wen this
pl asma pol yner is used, a mask underl ayer can be ,
f or met + A YARLF@nYPeDRhNERHR . PTHRRA] htplasesVERE thin
ef ficiency because the Qe%ic recordi ng | ayer,

u

pr ot €835 K e PASEt 2 Y ShdHas derfayer can be 10

successi ve r consi st ent i a_vacuum . The
ST aoe vobd FOETECLERSL PRERLLY L Bot DR L85 aLso

Chairbéé$f@feCﬁ&pﬁéégaaﬁ@f%mQEV%PSd§c§§a§ﬁi9”p9£QHQ of a

such “as trinethoxysilane, triethoxysilane, or

trichiprosblapscasplibis 9oL ysREn! ayetr, 16rABHERe when this
organi c deposited filmmterial, it is” possible to

use anlosganpel gaepolndubedrj ng Baskl ecttalayeei ghh be
| ower than that of the polynmer filmmateria
describadedbovea Exanphesnwieonment. This increases the
tetratri phenyl am noet hyl ene, (TTPAE): e.g., 20
t et r ENENC HEPRENDECAL ST Hopheagnyet AyreperdenpgeselieEd
by formula (1) bel ow, TPD: tr%ghenyldianine, e.g.,

-RERE 7URHST bR%RY| F2BeRSi di ne

N, N- REP &S 1l et FgY phens

P esgnLed, DYel o PUL A2 BEl 9N B0 B9F vacuum. e
surface may also be modified by using a fluorocarbon
chain silane coupling agent having a reaction group
such as trimethoxysilane, triethoxysilane, or
trichlorosilane as this polymer layer.

As the organic deposited film material, it is
possible to use an organic compound having a molecular
weight lower than that of the polymer film material
described above. Examples are
tetratriphenylaminoethylene, (TTPAE): e.g.,
tetra (N,N-diphenyl-4-aminophenyl)ethylene represented
by formula (1) below, TPD: triphenyldiamine, e.g.,
N,N-7-bis-(4-methylphenyl)-N,N-7-bis-phenyl)-benzidine
represented by formula (2) below, and Alg3:
trishydroxyquinolincaluminum, e.qg.,

tris(8-hydroxyquiolino)-aluminum represented by

formula (3) below.



25 tris(8-hydroxyquiolino)-alum numrepresented by
formula (3) below. 14 N TT PAE CH3 /0-CH3 (2) TPD N
N'" O N16 ... (3) 5 Alg The mask underl ayer nay al so
be planarized by depositing any of these organic
conpounds on the protective |ayer, and annealing the
conpound. A film can be forned on the protective

| ayer by sublimating any of théde IFfow nol ecul ar

or gani ¢ conpounds by heating at a | ow t enperature of
400 0 C or less. AMen 5 this | ow nol ecylar organic
conpound deposi lilmis used as t ask

under| ayer, the ci ency increases dause the
magneti c recording | ayer, protective JPayer, and nmask

under | ayer beNsuccessively fornmed’_ comrsistently in
nmeynt. Also, the 1 | uo | based
pol ynmer is degArab nce its | urf & ener gy
-1
t ert al

a vacuum e
facilitates formn ropl et sl and structure
by repelling the ma ayer nma formed on it.

C=C

@N\Q (1)

oo,

TPD

+(3)

Alg

The mask underlayer may also be planarized by

depositing any of these organic compounds on the



Then, as shown in FIG 5, a mask pattern layer 5 15

is formed on the mask underlayer 4 (S4). In this

manner, an etching mask 6 having the mask underl ayer 4

and mask pattern layer 5 is obtained. The nask pattern
layer 5 is fornmed by using self- organi zed pattern
formation of an organic nolecular 20 material. Inits
formati on process, an organic mdPecalar film

generally tends to forma droplet-1like island

structure, rather than a filmstructure having a _
uni f OPEPFEFRIYRI ERMEEs, 2BY @RBegbiRgcEhenepyposndt her film

25 material form the film The e i pventjon ,
ises Sah b8l SRGRERr Okt bPe PEHEFL sriaxﬁé i aubﬁ#watlng

fil f
sl sP iy b Rrr O8N G TRL UL S TREERLEL, oofipahhdS By
deV'Cﬁéagiﬂg 9£9§nn8wn9éﬁ§akg£u£g'8EC@60@? ofafééy When

renoved sol vent asma eating aft

Sbelngt@iQCféﬁeﬁolJBﬁigfOéﬁﬁahhé QBQ@BhﬁdegEbggﬁEarfllm is
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filmcan be used as an etchi ng nmask However ,
OrganhﬁeﬁD£§CﬂhérmébknmhaSrY§y¥rhlghe attuaubncyolhbeeases
surface of the dianond-like carbon filmused as the

pr ot eb¢caest ayke, magdebitenetording lélat, f pknthaving

a uniformfilmthickness instead of 10 an i sl and

st ructayrer, Tﬁ@dpmégénvn@ﬁvéﬁY@rschav@eféuﬁ@eﬁﬁéveéy formed

fine island structure easily forns when th
under F2y8+SEPRLL NPt ddVAEY eﬁ“YhéoﬁﬁgRtpatﬁéFH | &h&r

and fluorine-based polymer is desirable since its low

surface energy facilitates forming a droplet-like
island structure by repelling the mask layer material
formed on it.

Then, as shown in FIG. 5, a mask pattern layer 5
is formed on the mask underlayer 4 (S4). In this
manner, an etching mask 6 having the mask underlayer 4
and mask pattern layer 5 1is obtained.

The mask pattern layer 5 is formed by using self-
organized pattern formation of an organic molecular
material.

In its formation process, an organic molecular
film generally tends to form a droplet-like island
structure, rather than a film structure having a
uniform film thickness, by the surface energy ¢of the
material forming the film. The present invention uses
an island structure readily formable in a thin film of

the organic molecular material.
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‘pol ymer

protective film 15 As the mask pattern layer, a
polymer filmor organic nol ecul ar deposited film
formed by coating can be used. A case in which an
i solation structure of a polynmer material is used as
the island structure of 20 the polymer filmwll be
expl ai ned bel ow. As the pol yner organic conmpound, it
is possible to use, e.g., polysfyrene,
pol ymet hyl net hacryl ate (PMMA), polyimde, novol ak
resin, polyethylene, polybutadiene, polyisoprene, or
polyethyleﬁék%xﬁdé?SFFti§aEG§éﬁ%Iészg £8 Bressrvéngngt
of these polypers in an appropriate solvent, and form
o e P B st SBn PR CREGRN Canbor Fay &R Ty L fen be
coat i oy .dipping. Jo for n 17 _i nd_structur
Che 15t thi cRRele 2 A DB Elsa S F5Ra7 R BFREno
degr I il ' S r -
e T o RN g Toarat 1 Tyt o Ehe. nae dante
underhayesu sl f BB ScAQr P asdyopkesn! tkeniggl mhkRN
structure. It is effective to anneal the forned
pol yrieswdvém | thos detgahocfasethisri sO0l@thes very high
structure. It is also possible to control the area
occup Efimity heo i shansubfacanntathegdiAnoedt L hgecaarbon
further pronote the 10 isolation of the polynmer film
and deefedseed hes afled PHetapt éWebyayne, i andnaftan forms a
isolatjion structure of a polyner blend fornmed by
bl end‘%{%@tt%lfﬁy%ae%lw PoryHEPE™ HhjMaF8bCkReESedSTRRA Of

this pol yrer, bignd 15 yged. a

The present inventors have found that a fine

island structure easily forms when the mask underlayer

is inserted between the mask pattern layer and
protective film.

As the mask pattern layer, a polymer film or

organic molecular deposited film formed by coating can

be used.

A case in which an isolation structure of a

polymer material is used as the island structure of
the polymer film will be explained below. As the
polymer organic compound, it is possible to use, e.g.,
polystyrene, polymethylmethacrylate (PMMA), polyimide,
novolak resin, polyethylene, polybutadiene,
polyisoprene, or polyethylene oxide. It is possible
to dissolve any of these polymers in an appropriate
solvent, and form a film of the polymer on the mask

underlayer by spin coating or dipping. To form an



phase isolation structure is fornmed by annealing a 15
coating filmof the polyner blend. A nethod of using
an island grown structure of a polyner nmaterial as
the island structure of the organic nol ecul ar
deposited filmw Il be explained below As the
materi al of the organic nol ecul ar 20 deposited film
it is possible to use any of "thé7 materials descri bed
inrelation to the organic nolecular deposited film
of the mask underlayer. |If the affinity between the
Iom#nb?é%@¢a$téﬂgbﬁrér EbApéLAE AhdckaSRSundet| Rpedecreased
surface is |low, ,island 250g gmmh can readily occur

dur|nbov%c%%ﬁ?%%ﬁpg?ﬁfﬁﬁn ©FS-al so desirable to
seceese el Lo bicknese . 4e Sapgilied. LimAa, cuso

a certaln egree or ess

'50|aﬂ§91h§|989 §EFEHEUPetoT9hLOﬁQEE Paék%QQer surface

structure, Is also effective substrate

5 when §o§ﬁ§0§|&§Q iétﬂlhﬁef958@gt15ﬁa§tegcth9@ c It is

substrate after a deposited filmis forned
S|n1IaffyceiﬁectbvennéhlhEhenEbhmddl§oepﬁeetfyemt@n order
control the area occupied by island projections. It

is also possibhést bscbatioh sheustzeeandIbccapeédcapeasible
of the island projections by the formati on speed of

t he d*é%o@@lﬂ*éHOf ﬂw FRaE PSCuURked bheth@r et pofd Bieed

10 is low, _the denS|t%Fof the nucl ej roj ecti ons

whi ch2PBFSW Pt 0 ARANFST R FﬁErEBgEQer BBBmﬁﬁ§kt he

Opattern?%% %%nnggghggpﬁlggéghfgfﬂ§lng 35209, 5¢ the area
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proj ett

occupied by the island. An isolation structure of a
polymer blend formed by blending two types of polymers
may also be used. When this polymer blend is used, a
phase isolation structure is formed by annealing a
coating film of the polymer blend.

A method of using an island grown strﬁcture of a
polymer material as the island structure of the
organic molecular deposited film will be explained
below. As the material of the organic molecular
deposited film, it is possible to use any of the
materials described in relation to the organic
molecular deposited film of the mask underlayer. If
the affinity between the low-molecular organic
compound and mask underlayer surface is low, island
growth can readily occur during vacuum evaporation.

It is also desirable to decrease the film thickness of

the deposited film to a certain degree or less in
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After that, as shown in FIG 6, the nmask pattern 15

| ayer 6 and protective |layer 3 are etched (S5) to
renove, e.g., exposed portions of the etching

under| ayer 4 and the surface of the protective |ayer
to a desired depth, thereby form ng projections
corresponding to the mask pattern layer. 20 In the
present invention, dry etching 1§ used to etch the
protective |ayer. Exanples of dry etching wused in the
present invention are plasnma etching and ions beam
etchi%@@e(xygeﬂbéﬁlﬂh@nlFﬁ@lébﬁdbésgééé asrughusechi hg form
gas of plasma etchin An i nert gas such 25 as argon

Jon c3h bel 8RS BEGRUER Chi hg-GadieP FOACBEANE O Aeat the
t chi ng. _Wen th ive | is. _
etc Iggbstrgge wg%grgtggéév$teg¥ﬁélﬁzlggFgg?Qéoceﬁégglng

by 19” "USIng ion beam e ?ng, g he

projeEﬁé°ﬁ§bs9£a£QeaF§é§ Laye oé§gggfkgﬁﬁ|¥si?8£§géegs

because t sputter etching sSpee I anond- |

carbog; hs1 ¥y eFP¥et DvAOt et PRErt HELREENE BUcBBECESVe to
not limted to oxygen or argon. Finally, as shown in

FI G Jdontheletrbi agefBskclpitsd benbyeandSbrotecobbasn It

a magnetic recording nmedium 8 having the protective

| ayeri8 abst¢ hpossibheetof cdbftwhichha plmeabntlycofupied area

projections 7 are formed. Since the residue of the

et chi »f waskishyed Psoanctagueehdt ehef forganien speed of

nol ecul es, it can be,easil¥ renmoved by usin% an .

Organ?%esg?Q%ﬁ%FEd film. hat 1s, wheh the formation speed
is low, the density of the nuclei of projections which
grow into an island increases, so a mask pattern layer
made up of high~-density island projections can be
formed.

After that, as shown in FIG. 6, the mask pattern
layer 6 and protective layer 3 are etched (S5) to
remove, e.g., exposed portions of the etching
underlayer 4 and the surface of the protective layer
to a desired depth, thereby forming projections
corresponding to the mask pattern layer.

In the present invention, dry etching is used to
etch the protective layer. Examples of dry etching
used in the present invention are plasma etching and
ions beam etching. Oxygen or the like can be used as
an etching gas of plasma etching. An inert gas such
as argon ion can be used as an etching gas of ion beam

etching.

When the protective layer is to be processed by
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Exanpl es of the organic solvent are al cohols such 15

as et hanol, nethanol, and propanol, acetone, toluene,

xyl ene, benzene, chloroform nmethylene chloride,

propyl ene glycol nethyl ethyl acetate (PGVEA), and

et hyl cellosol ve acetate. Wen an isolation structure

of a filmsuch as a 20 photoresist is used as the

mask | ayer, the solubility to &% alkaline solution

rises by ultraviolet irradiation or electron beam
irradiation, and this facilitates renoval of the _
filmushes hehtPeaBcBRPBIABI etBEgBARILENFDPECTNEs PaPgections
used, it js 25 effective to deconpose the organic

ol ec%Fe%hﬁymaﬁéa%ﬁﬁaraf-tseiﬂeéhréP Hi ng“prace sPegayse the
t hen renpye th E api.g %cg es b Tskng a o vent
When EOHATEFi FCB0"Iha0FRY 811 SweRElt o RECSP ow LY
subl i ion point is used as the nask Iayer |t i's

possi ble to volatilize organic nolecules by heating
after an efehkngnhpE0€8SS ctcWARR gasliba&@;gnqwated to
structure of an organic deposited 5 filmis used as

t he naskgeat ber arfayer, nolecules formng the mask
pattern | ayer sublimate and evaporate at a |ow

t enper at ur Eioh1l490 B@sCsbpwhesgs. FIG.a7reshguetchemgyimagk 6
step, therefore, the residue is readily renovable by
substtatéeﬁ@ﬁ?ﬁng5610tgbﬁbFﬁaﬂlén@a@ﬂethé weskrding medium
under ] ayer ~and mask attern |ayer used in the present

i nventi bAvare tefoBEP eFEPHFeéatf@rt Re©8i $Beafdrdénsi Cy

of Tsiand, prohectiops gk thg ! 3LaLlen siryclyteeornea.

Since the residue of the etching mask layer is an
aggregate of organic molecules, it can be easily
removed by using an organic solvent.

Examples of the organic solvent are alcohols such
as ethanol, methanol, and propanol, acetone, tocluene,
xylene, benzene, chloroform, methylene chloride,
propylene glycol methyl ethyl acetate (PGMEA), and
ethyl cellosolve acetate.

When an isolation structure of a film such as a
photoresist is used as the mask layer, the solubility
to an alkaline solution rises by ultraviolet
irradiation or electron beam irradiation, and this
facilitates removal of the film. When heat
decomposable organic molecules are used, it 1is
effective to decompose the organic molecules by
heating after an etching process, and then remove the

organic molecules by using a solvent. When a material



As described above, the mask underlayer used in 1is

the present invention is a thin filmof an inorganic
material such as a netal film netal oxide film or

metal nitride film or an organic nolecular filmsuch

as a polymer filmor organic nol ecul ar deposited film
formabl e by coating. Also, the mask pattern layer is

20 an organi ¢ nol ecul ar filnmsuel as a pol ynmer film or
organi ¢ nol ecul ar deposited film Wen a netal film

metal oxide film or_netal nitride filmis to be used

as t hB2VdRK @nder| BgeEing PR&NyneF {PrnPBPlémgasre point is

I | ted 25
P retag e Shongask baverer or LRnbrelilps G MaThgittze

the ng§§ ﬂgge&g Sﬁl?gebﬁagggE§ngng%?89|Qﬁag%eﬂi#hegrocess.

il mca e use érn

Is soyResayse: 51aRgl ¥PBlin- Etkaétuééeoyssg 8%g Qa&é hQEOSlted
mask underl ayer and nmask pattern |ayer, the sol vent

5in a eoahi Dg §9kUt heNtRE hAsknpsktepat LgyBar| ayBlehBYes
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destroy the mask underl ayer when the 5 mask pattern

| ayer fosming mede byaskapangeriheaypol yobi ifhbkasaateetraporate
be used as both the mask underlayer and mask pattern

| ayerc,atthele\ﬁfote'nperatusepgﬁsﬂbDé/t@ usess e. gln & residue
fluorine-based polynmer as _the nmask underl ayer
forna??@ﬁvhﬁgeﬁgﬁprahﬁeﬁeierﬂdeB@aFﬁéhdbﬁséé BERGARY

as the nask attern #F% formati on material, thereby

decr eA&PRGEP % BYPHPEyT2b8t RBBhIPRe nmask under! ayer

surface ang Bsk,Rabhe" Be LAYChaLYr TRHLERTRLCLHA mask

pattern layer used in the present invention are
closely related to the size and density of island
projections of the isclation structure.

As described above, the mask underlayer used in
the present invention is a thin film of an inorganic
material such as a metal film, metal oxide film, or
metal nitride film, or an organic molecular film such
as a polymer film or organic molecular deposited film
formable by coating. Also, the mask pattern layer is
an organic molecular film such as a polymer film or
organic molecular deposited film.

When a metal film, metal oxide film, or metal
nitride film is to be used as the mask underlayer, a
polymer film or organic molecular deposited film can
be used as the mask pattern layer. When a polymer
film is to be used as the mask underlayer, an organic

molecular deposited film can be used as the mask
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When an organi c nol ecul ar deposited filmis to be 15
used as the nmask underl ayer, an organic nol ecul ar
deposited filmcan al so be used as the mask pattern

| ayer. This is so because if a polynmer filmis forned
by coating on the mask underl ayer made of an organic
nol ecul ar deposited film the organic nol ecul ar 20
deposited filmis readily dissok¥ed~by the solvent in
the polyner filmcoating solution. When organic

nol ecul ar deposited filns are to be used as both the
mask Retdesfmyleryemd nEsks pbs t 82 nPetayee , 1 hoveveperi films
mat erial of the sane type is used, 25 the affinit

bet wetif theedredk Rt PR oha Skir fRERE BHY T ndkd ‘B%\?%leﬁ’ﬁttern

T CR TN RN e

faVO&Qﬂh§E89n§£%%%yﬁ%¥ #%f%?ogo?iébﬁgsiouHégr ayer when the

fl uorine-base a mask underlayer,

and af, OF g3l Ce D! LY AT 5 deposhigdoy fEbat BSga mask
pattern layer. In this case, an island 5 structure of

the nmask pahégrpol pyer eammbeaeastbybeobbatingd bechusihe
the affinity between the mask underl ayer surface and

mask rpd it ende ayeyer sahdownafktpattdenetlteheng nbeskefore, it
| ayer is renoved, a lubricant film (not shown) can be

for mes wrshbldOtpresect ¢ve- | ayeflbgrinp-eaacdngolymer as
Al'so, it is sonetines inmpossible to conpletely renove

a snethe divbtintuete bl yuar cEapratlPrsmabebtpedeRd 2t he

surface [ -1
ydégcéreoglgggg &é ?mggrggntggyggsgypgngrn layer

formation material, thereby decreasing the affinity
between the mask underlayer surface and mask pattern
layer formation material.

When én organic molecular deposited film is to be
used as the mask underlayer, an organic molecular
deposited film can also be used as the mask pattern
layer. This is so because if a polymer film is formed
by coating on the mask underlayer made of an organic
molecular deposited film, the organic molecular
deposited film is readily dissolved by the solvent in
the polymer film coating solution.

When organic molecular deposited films are to be
used as both the mask underlayer and mask pattern
layer, however, if material of the same type is used,
the affinity between the mask underlayer surface and
mask pattern layer material increases, and this makes

an island structure difficult to form.



the step of renoving the residue of the etching mask

15 layer. In this case, after the residue of the

etching mask |ayer is renoved, organic nol ecul es
adsorbed in the dianond-like carbon filmsurface can

be renoved by further perform ng an etching process.
After that, a thin dianond-1ike carbon filmcan 20

al so be formed again. This diranBhd-Fi ke carbon film
surface adsorbs the |ubricant better than the severely
damaged surface having undergone dry etching. FIG 8

is a schenBfi e PRERLISHOALAY CREOraplangempanagioan it is
exanpl e of the magnetic 25 recordi ng/ reproducing
appar%@%%l%%eth% b?%s%n?luPﬁ%@ﬁrP%ﬁedAgoéﬁﬁﬁﬁ ﬁﬁlmleﬁ the

. ? ng 9 a or 1 reg ae 1ted
hereu%%ﬁ erjak %Y%Fsk Hﬂv?Ee ﬂﬁ% 8 pe ?SHéaFa B8R
case ﬁ %é&%.ﬂﬁsQPSQtHQPSrl?gQQ apg @hﬁgpcsgg?ran island

(not s Screwed fhe case
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of the case. The case 10 contains a magnetic disk 12

as a obegoned ngesBdbemha spendieynpéewedd whechask
supports and rotates the magnetic disk 12, a magnetic
head @3dewhagérr seofaseaaddr epsbdpeesernf bagatri as dow.
and from 10 the nagnetic di sk, a head actuator 14

whi ch novabfyerstppoetshihe magihelpyehedd 3smaivel, a
respect to the nmagnetic disk 12, a voice coil notor
(to b%u?€¥%??%dfl%% 480% YeRMALr €PRaPEefPragdnAnchhe

r°tat5309€9tlve layer by dip coating.

Also, it is sometimes impossible to completely
remove a small amount of organic molecules adsorbed in
the surface of the diamond-like carbon layer by only
the step of removing the residue of the etching mask
layer. 1In this case, after the residue of the etching
mask layer is removed, organic molecules adsorbed in
the diamond-like carbon film surface can be removed by
further performing an etching process.

After that, a thin diamond-like carbon film can
also be formed again. This diamond-like carbon film
surface adsorbs the lubricant better than the severely
damaged surface having undergone dry etching.

FIG. 8 is a schematic view showing the
arrangement of an example of the magnetic
recording/reproducing apparatus of the present
invention.

As shown in FIG. 8, a hard disk drive (to be
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positions the head actuator, a ranped |oading 15
mechani sm 18 whi ch hol ds the magnetic head 33 in a
position separated fromthe magnetic di sk when the
magneti c head noves to the outernost periphery of the
magnetic disk, an inertia |atching nmechani sm 20 which
hol ds the head actuator in a retracted position when

20 an inpact or the like acts od3the HDD, and a
flexible printed circuit board unit (to be referred

to as an FPC unit hereinafter) 17 on which electronic
part srefeictedsta s eampiiPP | kerafiea fivemt eals A Pishtdevice
circuit board (not shown) which 25 controls the

oper 3o HCEHOGPAAMPX N8P 18, hY/CVIY 13 Fpgn upper

magneti ¢ head via the FPC unit 17 are screwed to th
outere%%Tf%% DFEPReSRUSE 1B°505BRVEL Yt t he %%rewgd to

bot t [1_of th T L c.disk
oLt opgell-sloihe £a3e Thg BOREtL, diol 1200002 wpper-

di anetéer ©

magnet g 55@9{g&?gflgggrcasghe magnetic disk 12 is

fitted ona hub”(not shown) of 5 the spindle notor 13,
and cl anpethbycasgl aopcspehngs 2lmadhecmonetic1di sk a

12 is rotated at a predeterm ned speed by the spindle

not orrdSoadinmg medyven, dhepimgbetmetbeatld38dhishasupports

so-cal l ed conbi ned head 10 fornmed on a substantially

rect angdl et asteserh¢ npagnshbendli skhe2 magneageeheadhedd 33

has a wite head having a single pole structure, a

read Weheh useAOras GMOf FERTOBRCTRRIRf PANa BAN aCrgRet rom

resistive(MR) head for ,
the maghetic disk, a head actuator 14 which movably
supports the magnetic head 33 with respect to the
magnetic disk 12, a voice coll motor (to be referred
to as a VCM hereinafter) 16 which rotates and
positions the head actuator, a ramped loading
mechanism 18 which holds the magnetic head 33 in a
position separated from the magnetic disk when the
magnetic head moves to the outermost periphery of the
magnetic disk, an inertia latching mechanism 20 which
holds the head actuator in a retracted position when
an impact or the like acts on the HDD, and a flexible
printed circuit board unit (to be referred to as an
FPC unit hereinafter) 17 on which electronic parts
such as a preamplifier are mounted.

A printed circuit board (not shown) which

controls the operations of the spindle motor 13, VCM

16, and magnetic head via the FPC unit 17 are screwed

to the outer surface of the case 10 so as to face the
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recordi ng and reproduction. The magnetic head 33 is 15
fixed together with the slider to a ginbal unit forned
on the distal end portion of a suspension. The present
invention will be described in nore detail bel ow by
way of its exanples. Exanple 1 20 In this exanple, a
polymer filmwas formed as a mnask underl ayer, and a
pol ymer film made of a polymer 2faterial different
fromthe mask underlayer was formed as a mask pattern
layer. R O.5-mmthick, 1.8-in. crystallized glass 25
substb%t%omT@ibSXPﬁaﬁhﬁa@@ﬁ?ed by Chara) was prepared
as a substrate. To |ve na éIC ani sotropy, this

crystal |1 z80525295PAE St At B9as Féif‘lﬁ\F[Sa SAn 19

It hpet f h
o AT OPE ke SubRt ot 60 a0 0l Banad Ch pheTar AgY Laver.
appar@ﬁgsqégﬁgg}%lgEQHf?gt Eeglp¥e§28hvg)hmﬁs H§€dshgwn of

5 forma nm't under ayer of a base

al oyt Q@ §hengubshsabreisa 3n8”@:1§ﬂnﬁ5d359bh| bzglmg spring
| ayer made of a CoCrPtB alloy on the underl ayer, a

1-nm2hi ckTie maghetiayeiskvnithessktabatedi ag kayer, a
5-nmthick magnetic recording |ayer made of a CoCrPtB
al | oypoeddBethenedt epkagieby ahd apbadhethptkr 13 as a
protective |ayer made of dianond-1ike carbon on the
magnedftvekcording layer. On the protective |ayer, a

2-nmthick filmof . ,
The magnetic head 33 is a so-called combined head

formed on a substantially rectangular slider (not
shown). The magnetic head 33 has a write head having
a single pole structure, a read head using a GMR film
or TMR film, and a magneto resistive (MR) head for
recording and reproduction. The magnetic head 33 is
fixed together with the slider to a gimbal unit formed
on the distal end portion of a suspension.

The present invention will be described in more
detail below by way of its examples.
Example 1

In this example, a polymer film was formed as a
mask underlayer, and a polymer film made of a polymer
material different from the mask underlayer was formed
as a mask pattern layer.

A 0.5-mm-thick, 1.8-in. crystallized glass
substrate (TS10SX manufactured by Ohara) was prepared
as a substrate.

To give magnetic anisotropy, this crystallized



Fonblin Z-Tetraol (manufactured by Sol vey Sol exis) as
15 a perfluoropol yet her-based [ ubricant was fornmed as
a mask underl ayer by dip coating. After that, a 20-nm
thick 2MVA filmwas formed as a mask pattern | ayer by
spin coating, thereby formng an etching mask |ayer
made up of the 20 perfl uoropol yether-based | ubricant
| ayer and PMMA film Fonblin zZé¥etraol can forma
very thin film having a thickness of 5 nmor |ess,
and well repels a filmfornmed on it. Therefore, a
dropl 8t2FFkeUPFEHREE| GRS SERUERERE - of ARhBL hBNPREL CTTEAD
readilé €5 for ned. Subsequentlg, t he ogtained
subst T &F E2 AR s CAANREF 2R naS ntPPBgeft- anBPent at 200 0
t he_nm

Cfor 5 ho . Then XpQ rtion f k .
underlayerggﬁﬁrzg etﬁggﬁﬁ é??y?%ﬁ 6?8 g%gyvg ngé;erlng

ver e 5599¥ﬁ9u£0<@=?@fé!ﬁ§9u9§e£nr93 BYYHRB1PLASHBs used to

et chi ng, thereby orm ng projections corresponding to

sthe naskmpatierfAm tRYEk hRdéhEagarengaBngr asctopased alloy
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e.g., the substrate 5 shown in FIG 6. The obtai ned
substeoat ehavasub st adtaf ed b tWickadtiabidhzand haghedmade
with water. It was readily possible to disconnect the

pol ynef 2h@e@rbEBtalsoPMvA the| yndgriageyy a 1-nm thick Ru
irradiation, and renove them by the 10 washing with

wat er INREFERYERafh the FoabiihzInTel¥8F  afd >PMIALREFK
renaininﬁ of the surface were re veg by irradiat

wi th BRBTEHE BFOOEIYT T §oR, Tou5geh, 2oFORFEFBgBhioY on

the interlayer, and a 5-nm thick protective layer made
of diamond-like carbon on the magnetic recording
layer.

On the protective layer, a 2-nm thick film of
Fomblin Z-Tetraol (manufactured by Solvey Solexis) as
a perfluoropolyether-based lubricant was formed as a
mask underlayer by dip coating.

After that, a 20-nm thick PMMA film was formed as
a mask pattern layer by spin coating, thereby forming
an etching mask layer made up of the
perfluoropolyether-based lubricant layer and PMMA
film. Fomblin Z-Tetraol can form a very thin film
having a thickness of 5 nm or less, and well repels a
film formed on it. Therefore, a droplet-like
isolation structure of the polymer film readily
formed. Subsequently, the obtained substrate was
annealed in a nitrogen ambient at 200°C for 5 hours.

Then, expdsed portions of the mask underlayer and
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t hereby obtaining a magnetic recordi ng nedi um havi ng
15 the protective |ayer on the surface of which a
plurality of projections were forned. Wen AFM
nmeasurenents were perfornmed, the sumof the plane
areas of sunmmts viewed in a direction perpendicul ar
to the medium surface was 25% of the 20 area of the
medi um surface. Al so, the avéragé prane area of the
summts of the projections viewed in the direction
perpendi cular _to the nmedi um surface was 0.63 ~Ln2,
and tHeS avereapky 1 Rdi BRPCBFCEKese2pRb) BBEFORSMAKSI 2L @

nm 25 Tabl % éto be presente Iater% ghoms tFe
obt ai FET T BLLFPRET TRE GBYArfen  AaGReEFERT Boor T RGDY
oor | SeifEaf oBrS5e ot B L BEEb U BhaRELY EROPha 3R B8 ke

The opf i ped, negRethgeor geohdingsmedi-umvgs  exal abedrate

by a drive test using a contact head, a "5 drive test

usi Nngsodh Yimogrheadg . and an el ectro magnetic
conversion characteristic test to be described bel ow

Tabl e 2 (tDhbeopressatiedubateae shewsrtheaiabtdi nedh Uv
results. The test methods of the individual tests were

as ladbrtbow. amiiveslfedt wikhngaOont actt Head Thedily
magnetic recordi ng medium and a contact nmagnetic head

(Pi cPeFFHety Havihycanheall Fbadeetymer chain of this PMMA

film by the UV irradiation, and remove them by the
washing with water.

After that, the Fomblin Z-Tetraocl and PMMA film
remaining of the surface were removed by irradiation
with a plasma of, e.g., argon, oxygen, or nitrogen,
thereby obtaining a magnetic recording medium having
the protective layer on the surface of which a
plurality of projections were formed.

When AFM measurements were performed, the sum of
the plane areas of summits viewed in a direction
perpendicular to the medium surface was 25% of the
area of the medium surface.

Also, the average plane area of the summits of
the projections viewed in the direction perpendicular
to the medium surface was 0.63 pmz, and the average
height of these projections was 2.8 nm.

Table 1 (to be presented later) shows the
obtained results.

The obtained magnetic recording medium was coated



2.5 gf were incorporated into a magnetic disk drive,
is and a full-surface seek test was conducted at 60 O
C and 30% RH for 30 days, thereby checking the
presence/ absence of an error caused by TA or the |iKke.
If an error occurred, the evaluation was X ; if not,
the evaluation was 0 . 20 Drive Test Using Flying Head
The magnetic recording nmediumaRd am ultra-low flying
head (Fento slider) having a flying height of 10 nm
or less were incorporated into a magnetic disk drive,
and avitl|aspeFhtecrapdbneseek-pasedwagbrscepadabped 2 nm
in a reduced-pressure environnent at 0.7 atm After an
el apseNbFK 23S hdut SPTHeRb+8r a8¥BA: of the performance
(the tine ig uié%d.for full-gurface 2%. readéwwite)
and the pr ng 35§8ﬁc@agpe hCef PGP “¢]sEE 6VmTXaS
wer e k I . a r t he a

s X§?§§¥§9ed £¥ 3 §££?éa?858 Egﬁng_g Eng?%g hk8l, a

not, the eval uation was

5nagne&kgvébaagfshgﬂn&hgrggyfﬁ%SBésdEvghaaghoelécI98
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el ectro magnet 1 ¢ conver si on char act eristic was

eval uad e ¥i & hcanspisbanehapavtaet st ed bysGuEbkpbeby
conmbi ni ng the magnetic recording mediumand ultra- |ow
flyi ndevendbedhiee Bognal Téolaoks¢tvabeopobseathd later)
conbi nation was relatively evaluated with reference to
10 t halrow$ Bheorbtaanednresuihe. magnetic recordi ng

medi um of Conparative Exanple 2 and the ultra-|ow
flying heaa? gﬁpm@tgods of the individual tests were as

follows.

Drive Test Using Contact Head

The magnetic recording medium and a contact
magnetic head (Pico slider) having a head load of
2.5 gf were incorporated into a magnetic disk drive,
and a full-surface seek test was conducted at 60°C and
30% RH for 30 days, thereby checking the
presence/absence of an error caused by TA or the like.
If an error occurred, the evaluation was X; if not,
the evaluation was O.
Drive Test Using Flying Head

The magnetic recording medium and an ultra-low
flying head (Femto slider) having a flying height of
10 nm or less were incorporated into a magnetic disk
drive, and a full-surface random seek test was
conducted in a reduced-pressure environment at
0.7 atm. After an elapse of 24 hours, deterioration

of the performance (the time required for full-surface



In this exanple, an organic nol ecul ar deposited is
filmwas forned as a mask underl ayer, and a pol yner
filmwas formed as a nask pattern layer. Follow ng the
same procedures as in Exanple 1, an underl ayer,
stabilizing layer, interlayer, magnetic recording
| ayer, and protective |ayer were 20 sequentially
formed on a crystallized gl ass &8bstrate. After that,
the substrate was left to stand in HVDS
(hexanethyld|3|lazane) steam for an appropriate tine,
e.g.,rqa@ovritehepeBythor A pgeacsi aAgpenrayefedn error
adsorgtlon filmof HVDS as a mask_underl ayer. 25 After

t hat , CAU909 Y t PR CReFE | ARBFkadsol BEi on epFepapeaubyed, the

dllutln he S1801 p tor si st nufactured by Chypr e
Wi th PEVEA TA 1 67 frod ort it 920 £ VIS 11 €21 47T od

adsorptlop.§ Jgg@ggggorogg&gfg?e ﬁ??&é{;é?%%@ EPEluation

perfornmed a m nu orm a

s pattern | ayge. eIQ@tPBOhQ?ﬁ§t§E EQQQEE¥1OBOEH§ga@terlst1c
droplet-like isolation sfructure on the HVD
si nglwa$ ayes eda g ox pthoa épiﬁbtahanmaﬁup@sedr@@rbyoaﬁzlk
of the mask underlayer and the underlying protective
| ayerbywecenp enbrvgdthe magdesicededeptihnpymedygenand ultra-
pl asma etching, thereby formng projections
corre%@%nﬁlhgngoh¢ﬁ@ maBke pat geah-10-hayee ratipeofagdch
manner as, for ., the substrate shown in FIG 6.
ﬁ¢terc?mE&“a¥h%no%%%lH%Ha§h6§%Ya?%akhét%Qp%éEG feference to

uItraV|oIet rad|at| n nd the nask attern | ayer  was
10 that of combfnatfbn of the magnetfc recgrdlng medium

of Comparative Example 2 and the ultra-low flying

head.
Example 2
In this example, an organic molecular deposited
15 film was formed as a mask underlayer, and a polymer

film was formed as a mask pattern layer.

Following the same procedures as in Example 1, an
underlayer, stabilizing layer, interlayer, magnetic
recording layer, and protective layer were

20 sequentially formed on a crystallized glass substrate.
After that, the substrate was left to stand in HMDS
(hexamethyldisilazane) steam for an appropriate time,
e.g., 1 hour, thereby forming a single-layered
adsorption film of HMDS as a mask underlayer.

25 After that, a 10-nm-thick film of a solutiocn
prepared by diluting the S1801 photoresist

manufactured by Chypre with PGMEA was formed on the
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removed by using a devel oper nmade of the MF319 15

manuf actured by Chypre. The photoresist used as the

mask pattern |ayer was readily renovabl e after etching

by the exposure process and the process using the

devel oper. Subsequently, the residues of the HVDS

| ayer and 20 mask pattern |ayer were renoved by argon

pl asma or oxygen plasma, thereBy obtaining a magnetic
recording nedium having the protective |ayer on the
surface of which a plurality of projections were ‘

f or e D§hehnAaERT kR HSGPENBABS I RELENPELLDr R¥d SPERe COBMING -

of 25 the_plane areas of s [
15 A

mmits vie i a ,
o eobrbns B g ERRar e R PRt Rk AR Faf el Gemimgnps to

f th f.th i f 30, Alsg.th .
aver a53°Bl Anbeak BTGP ot Rot RiShr (< BF PRECRPBPAEE: GRaCELY

vi enegd, j o 4he g%&ﬁ?%&QTiQEr?EBQEEHBﬂrstkﬁgﬁgﬁsngﬁiHHE HMDS

surface was O. an e average

thesesprgi 8Cct bk pBseMagd30fpRMbnScINg . obt ai ned magnetic
recordi ng nediumwas coated wth a

per f| uor opohyat hekpbasedpbubibaanb fahaet mdskmunidRirdléyer and
as a lubricating layer. Follow ng the sanme procedures

as i ntixanpierlyingherobeathed hagaetivereecemdveg to a
medi um was eval uated 10 by the drive test using the

cont aéeshead, depehdpyvexyesn DsppBat REChEpPngtheagby

and the el ectro-magnetic conversion characteristic

test. "THBIRI2PEROGS LRRS GBYAPABANFEREI £8, the mask pattern

layer in the same manner as for, e.g., the substrate
shown in FIG. 6.

After that, the obtained substrate was exposed to
ultraviolet radiation, and the mask pattern layer was
removed by using a developer made of the MF319
manufactured by Chypre. The photoresist used as the
mask pattern layer was readily removable after etching
by the exposure process and the process using the
developer.

Subsequently, the residues of the HMDS layer and
mask pattern layer were removed by argon plasma or
oxygen plasma, thereby obtalning a magnetic recording
medium having the protective layer on the surface of
which a plurality of projections were formed.

When AFM measurements were performed, the sum of
the plane areas of summits viewed in a direction
perpendicular to the medium surface was 35% of the

area of the medium surface.



Exanples 3a - 3e is In each of these exanples, a

polynmer filmwas forned as a nmask underl ayer, and an
organi ¢ nol ecul ar deposited filmwas formed as a mask
pattern film Follow ng the sanme procedures as in
Exanple 1, an underl ayer, stabilizing |ayer,

interlayer, nmagnetic 20 recording |ayer, and

protective | ayer were sequentiéﬁly‘fornﬁd on a
crystallized glass substrate. After that, this
substrate was exposed to a plasma of CF4 or CHF3 to
form an ad$é8pri Rl ayerage ®lEngorsear Isdh thessgmmits of

pol y as a.mask underlayer. 2S A 6-nmthick ,
tri pheng 1RF BRFAE PASel -HEC fiBn EPPoREE 5408 RegRendicular

patte e acuum_evapor at.|i on the adsorption
IayerEﬁagggo%e?%g%f HSE%E%r@Sﬁ-?aggd”§1' SBFygéF,average
ther ehy: ght aLhi Re-a8 etehLagiBask Layer smade  up of

t he fluorocarbon-based polyner adsorption [ayer and

s5triphenyl diragi Bethayed. mhgnaddict ir@lo r@XRes 8 Ak WARS coated
of the mask 5 underlayer and the underlying protective

| ayer wivehea pemfbvedrbpoaydesktedadeft huby iexy@eabout 2 nm
pl asma etching, thereby form ng projections
corretpondi ag aolttheipaskngpatyern | ayer in the sane
manner as for, e.g., the substrate shown in FIG 6.

10 After tR&LLloWREIt EhpheRrdPaRCREUFaFersWaS Examplied 1,

by sup]imatjion by heating the obtained substrate to
150" 0 ke OPb B RSP TaSURE SGnT B RS LAY aRpariAEaEPAGuated

100 r989v€9eb¥r§%8t Qgta§s§HgOEggnE8ntact head, the drive

test using the flying head, and the electro-magnetic

conversion characteristic test. Table 2 shows the

obtained results.

Examples 3a - 3e

15 In each of these examples, a polymer film was

formed as a mask underlayer, and an organic molecular

deposited film was formed as a mask pattern f£ilm.
Following the same procedures as in Example 1, an

underlayer, stabilizing layer, interlayer, magnetic

20 recording layer, and protective layer were

sequentially formed on a crystallized glass substrate.

After that, this substrate was exposed to a plasma of

CFgq or CHF3 to form an adsorption layer of a

fluorocarbon-based polymer as a mask underlayer.

25 A 6-nm-thick triphenyldiamine layer was then

formed as a mask pattern layer by vacuum evaporation

on the adsorption layer made of the fluorocarbon-based



sol vent. 15 Subsequently, the fluorocarbon-based

pol ynmer and triphenyldiam ne | ayer remaining on the
protective |ayer surface were renoved by irradiation

wi th argon, oxygen, or nitrogen gas plasna, thereby
obtaining a magnetic recordi ng nedi um havi ng the
protective |layer 20 on the surface of which a

plurality of projections were Bérned. Separately,

various magnetic recordi ng medium sanples having
protective layers with different three- dinensiona
strucket¥"8hapkiehePE PBEALOIRY eRaR§FRgngsmeRE fpyar made

t hi ckness og the tri hen¥ldiﬁn1ns | ayer, the film

f or mat? oRf r AEE g%u?ﬁ “BFPphengfarah? @:Fayéﬁsoaagzﬂa :ayer
j . he_plasma etching tine 0

Yﬁgugg%?égggéggbggg%sﬁ$géléagegéIOM/shomsgthe AFM

. f |
measurementn’ gkl k3on! LSS aapBesontagt ehEARISH

magneti c recordi ng nmedi um was oat e

5 perfIw@a@ppéyet:h@ﬁdbaﬁsduha@ﬂg@ﬂg gbedtctové MAVEDI GKre
as a lubricating layer. In each exanple, the pol yner

i n CRéembasdatvas desedeasdepenmgkoungen! pyesmaasdching,
the organic nolecular deposited filmwas used as the

mask patrern faywing Fhejefoiensi towassposdibbetbothe mask
consistently performall 10 the etching steps of the
protd%%?@%rmagéyernl% vheusaye madneffagi éarhye.g., the
manuf acture the nagnetic recording nedium Follow ng

the s3Me®prdcedtre¥asni ilExafiple 1,

10 After that, the triphenyldiamine layer was
removed by sublimation by heating the obtained
substrate to 150°C or more ir a vacuum by using lamp
annealing, or removed by acetone as an organic
solvent.

15 Subsequently, the fluorocarbon-based polymer and
triphenyldiamine layer remaining on the protective
layer surface were removed by irradiation with argon,
oxXygen, or nitrogen gas plasma, thereby obtaining a
magnetic recording medium having the protective layer

20 on the surface of which a plurality of projections
were formed.

Separately, various magnetic recording medium
samples having protective layers with different three-
dimensional structure shapes were formed by changing

25 the film thickness of the triphenyldiamine layer, the
film formation rate of the triphenyldiamine layer

during vacuum evaporation, and the plasma etching time



t he obt ai ned magnetic recordi ng nedi a were eval uated
15 by the drive test using the contact head, the drive
test using the flying head, and the el ectro magnetic
conversion characteristic test. Table 2 shows the
obtained results. Exanple 4 20 In this exanple, a
polymer filmwas fornmed as a nask underl ayer, and an
organi ¢ nol ecul ar deposited ~fiPrm was forned as a nmask
pattern |layer. Follow ng the sane procedures as in
Exanple 1, an underl ayer, stabilizin% | ayer,

i nt erPAyEhe BRATSStAHGNEBYVELr ecbRBIRgLI BfEPYWEREWS the AFM
sequentiall% f or ned on.a ¢r tallized glass
substTaf 2 &FtRr tRAFITE 2EnhiPRi ER™PL®Payer was
fornmed as t chi op .| . b tteri.ng.

thi s etoni Aokt S8 Fapar RguB¥Eic ¥erdraIRY bR, Wi

| ayercyagefiofed RypHskDgodbapRPde hbkepaSaEPRNL IRt about
this protective layer, an etching mask | ayer

5incluging eniadsesphi dobkaygting aalkworocarbon-based
pol ynmer and a 2-nmthick triphenyldi am ne | ayer was
fornmed fol Coweaght beasale, ptheeduleseas innCEyappkemd. was
Exposed portions of the mask underlayer and the 10
underbyédgaprbhecnavl hagerlages, rendvetet orgadési medecular
dept h by oxggen pl asma etching, thereby formng

proj e2EPORLCROr FesBori@PNgSee PRethBskapht PeFheFayépyer.
ﬁ¢terT£Q§éfo£Q? ££iBan¥ggg§glgetga ggs%%%ently perform all
10 the etching steps of the protective layer in a vacuum,
and efficiently manufacture the magnetic recording
medium.

Following the same procedures as in Example 1,
the obtained magnetic recording media were evaluated
15 by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic
conversion characteristic test. Table 2 shows the
obtained results.

Example 4

20 In this example, a polymer film was formed as a
mask underlayer, and an organic molecular deposited
film was formed as a mask pattern layer.

Following the same procedures as in Example 1, an
underlayer, stabilizing layer, interlayer, and
25 magnetic recording layer were sequentially formed on a

crystallized glass substrate. After that, a l-nm-

thick Pt layer was formed as an etching stop layer by
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renmoved by sublimation by heating the obtained is
substrate to 1500C or nore in a vacuum by using |anp
anneal i ng, or renoved by acetone as an organic

sol vent. Subsequently, the fluorocarbon-based pol yner

and triphenyldiamne |ayer remaining on the

protective 20 | ayer surface were renoved by

irradiation with argon, oxygen33or ~nitrogen gas

pl asma. Since the pattern of the isolation structure

of the etching mask is not uniform the etching rate
chang&BUFRe&eBErdance with the area of a recess as an

25 exposed portion of the mask underl ayer, and this

vari es t heORet§htseGFPERE SrOPedEVhis oPnedldnttRek
protective |ayer._However, .the etching.stop.l ayer ca

B ke G Y Re L p B el erons Ty 01 (HebPOPSE I oBe

| ayer .9f,4pi form hei ght. Subsequently, a 1-nmthick
protective |layer was forned on tcp of the substrate

by using dbamends| biketeetgaebonyeBy bRUstbUithBehask layer
form ng the dianond-like carbon |ayer on the

pat t etnetlusunfasa alisbbptpoat eayeveokayerluakbesrbba-based
etching mask layer is renoved, it is possible to

pl anapdzgmeheapdoteetnmethayer tsuphavgldadeéeher leyatredas
by etching, and obtain a protective |ayer having high
har dnégsmeghénl AFNLRBasheeArBiesPReredpeeforAedn EHample 3.

sum of the plane areas of summts viewed in_a
direction Exposed portions of the mask underlayer and the

underlying protective layer were removed to a desired
depth by oxygen plasma etching, thereby forming
projections corresponding to the mask pattern layer.

After that, the triphenyldiamine layer was
removed by sublimation by heating the obtained
substrate to 150°C or more in a vacuum by using lamp
annealing, or removed by acetone as an organic
solvent.

Subsequently, the fluorocarbon-based polymer and
triphenyldiamine layer remaining on the protective
layer surface were removed by irradiation with argon,
oxygen, or nitrogen gas plasma.

Since the pattern of the isolation structure of
the etching mask is not uniform, the etching rate
changes in accordance with the area of a recess as an
exposed portion of the mask underlayer, and this
varies the heights of the projections formed on the

protective layer. However, the etching stop layer can
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per pendi cul ar to the nmedi um surface was 21% of the 15
area of the nediumsurface. Al so, the average pl ane
area of the sunmts of the projections viewed in the
direction perpendicular to the nedium surface was
0.20 ~tn2l and the average height of these
projections was 2.1 nm 20 The obtai ned nagnetic
recordi ng medi um was coated ~with a~

per fl uor opol yet her - based | ubri cant about 2 nm thick
as a Iubricating film Follow ng the same procedures
as i nEkanplé the preisstaPnrédiRupREt P8 FBEoPEPRGCTLVE
medi um was e¥aluated ES,b the drive test using the
cont acEYREal: HRETAFTV eﬁ@ﬁ?'using the flying head,
and the elgﬁgro ma @?tic onver%Eon characteri st

[
test. Tabl 6 D SRORA THs 357 ORtATHd POSUTIS ExdaicE “as
51n %Qkﬁeﬁxéﬂpké 8sMehal sﬁb%%%é Egr G@‘in@sgéam%?_%‘ilike
underl ayer, and ah organi c nolecul ar deposite 5 film
was fggpednas a mask pattern layer. Follow ng the sane
procedures as in Exanple 1, an underl ayer,
stabi li zi ngyl ayes, futteelrayermimggnek eiameca-diikg carbon
| ayer, and protective |ayer were sequentially forned
on a teystrabhi zbd ghassrsebstnatfecel0fAther privgectave layer
1I-nmthick Si filmwas formed as a mask underlayer by
sput t @fFAg. tirReAtchingnmacki RYEEI pRelPTOVERi ndtl dyper
was deposited as a mask pattern layer .on the Si film
in a possible to planarize the protective layer surface
deteriorated by etching, and obtain a protective layer
having high hardness.

When AFM measurements were performed, the sum of
the plane areas of summits viewed in a direction
perpendicular to the medium surface was 21% of the
area of the medium surface.

Also, the average plane area of the summits of
the projections viewed in the direction perpendicular
to the medium surface was 0.20 umz, and the average
height of these projections was 2.1 nm.

The obtained magnetic recording medium was coated
with a perfluoropolyether-based lubricant about 2z nm
thick as a lubricating film.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive

test using the flying head, and the electro magnetic

conversion characteristic test. Table 2 shows the




vacuum thereby obtaining an etching nmask made up of
is the Si filmand triphenyldi am ne deposited | ayer.
After that, exposed portions of the mask underl ayer
and the underlying protective |ayer were renoved to a
desired depth by oxygen plasma etching, thereby
form ng projections corresponding to the mask 20
pattern layer in the same manneBsdas—for, e.g., the
substrate shown in FIG 6. In addition, a dianond-I|ike
carbon | ayer was Erocessed by oxygen pl asma et ching.

Af ter Obhatneﬂhﬁeﬁu
sublimation by heating the obtained substrate to

by

pAenyl di am ne | ayer was 25 renoved

1500C¥*MHbEe i n a vacuun1by usi ng Ianp anneal i ng, or
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wth

argon, oxygen, or nitrogen gas plasia. The

obt ai ned megnebienpeenedsgeNBebeBUWRSsCAat ¢d EWahb1@ 1, an
per fl uoropol yet her-based | ubricant about 2 nm 10

t hi ckuagsealbuybr| catbabglliayeg. lhpethi snesaiplher,t hagnetic

met al

filmS was used as the mask underl ayer, and

t he orgamrdinuvl éavkar addppsptedtivemlagsruwedeas the
mask pattern | ayer.

sequentially formed on a crystallized glass substrate.
After that, a l-nm-thick Si film was formed as a mask
underlayer by sputtering.

Then, a l-nm-thick triphenyldiamine layer was
deposited as a mask pattern layer on the Si film in a
vacuum, thereby obtaining an etching mask made up of
the Si film and triphenyldiamine deposited layer.

After that, exposed portions of the mask
underlayer and the underlying protective layer were
removed to a desired depth by oxygen plasma etching,
thereby forming projections corresponding to the mask
pattern layer in the same manner as for, e.g., the
substrate shown in FIG. 6.

In addition, a diamond-like carbon layer was
processed by oxygen plasma etching.

After that, the triphenyldiamine layer was
removed by sublimation by heating the obtained
substrate to 150°C or more in a vacuum by using lamp

annealing, or removed by acetone as an organic



Therefore, it was possible to consistently perform al
is the etching steps of the protective layer in a
vacuum and efficiently manufacture the nagnetic
recording nedium Follow ng the same procedures as in
Exanple 1, the obtained magnetic recordi ng nedi um was
evaluated 20 by the drive test using the contact

head,

the drive test using the BPying head, and the

el ectro magnetic conversion characteristic test.
Table 2 shows the obtained results. Exanple 6 25 In

this

sxbnphre; a polyner filmwas forned as a nmask

under | ayer, and an organi ¢ nol ecul ar deposited film
was for medSdRSadraskl Bat tBEnSLapark $RACESRYEN HESt REMOVed

sane

stabi %2%’%85‘% i@g?‘?b%ﬂ???%é? adheete tretBhaphgeme:
ayer, an F %9558&8%8 @XSrg§§gﬁer5§9x§9&5§'Eég%?é&ﬁg on

on a

crystallTrze ass sub €. tert

T 5 2-nmihi ek bayeri et FQublinufrdetragk r&mBoybagtured
by Sol vey Sol exis) as a perfluoropol yether-based

| ubri capddvasibnrwethasrgonpraskyyeder bayeat tbygdhpgas
coating. Then, triphenyl diam ne was used to forma

4- nmpldsmdi ck mask pattern | ayer by vacuum
evaporation, thereby obtaining an etching nask |ayer
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made

up of Thheobpeifhkdomepbkyécherchadéndl medisganwas coated

| ayer and triphenyldi am ne |ayer. It mas,readil%
possiBientd perfludoropolyether=-based lubricant about 2 nm

thick as a lubricating layer.

In this example, the metal film Si was used as
the mask underlayer, and the organic molecular
deposited film was used as the mask pattern layer.
Therefore, it was possible to consistently perform all
the etching steps of the protective layer in a vacuum,
and efficiently manufacture the magnetic recording
medium.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic
conversion characteristic test. Table 2 shows the
obtained results.

Example 6

In this example, a polymer film was formed as a

mask underlayer, and an organic molecular deposited

film was formed as a mask pattern layer.
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forma fine isolation structure by using the is

per fl uoropol yet her-based | ubricant as the nmask

under| ayer, and the organic nol ecul ar deposited film
as the mask pattern layer. In addition, exposed
portions of the mask wunderlayer and the underlying
protective |layer were 20 renoved to a desired depth
by oxygen plasma etching, thereBy formi ng projections
corresponding to the mask pattern layer in the sane
manner as for, e.g., the substrate shown in FIG 6.
After thatFolhewingpheaysahanpheceayeesvas 1psExampyedl, an
by sublimation by heating the obtained substrate to

1500 RASTRALET n* B Fckibifd By LAY | Hipe BhMEar i ng29brtic
d by acet ic 38 -.solvent.
SUbSEGUEAT 53 (1o 11 uct e BOIF Babby pol vhel A
triphenyl di.anine | i i i
PR RS SR D 00y 00 e Bk EELL VB s race.

5 oxygensr Ofp 4y I rogen, gasy pLasi®ye t hef ebymoDi Al pLhgrdacl
magneti ¢ recordi ng nedi um havi ng the protective | ayer

on t han sl f feeu 084 WY ChoBvey usal éxyspfaprej ections

were fornmed. The obtai ned magnetic recordi ng nmedi um
was qesat £ouo AQo Wi §dit lae pelvé b eidr bpiot yesdherwhasédrmed as a
| ubricant about 2 nm thick as a lubricating |ayer.

Fol | ovalg winde sharpe priogedip escating. Exanple 1, the
obt ai ned magnetic recordi ng medi um was eval uat ed

Then, triphenyldiamine was used to form a 4-nm-
thick mask pattern layer by vacuum evaporation,
thereby obtaining an etching mask layer made up of the
perfluoropolyether-based lubricant layer and
triphenyldiamine layer. It was readily possible to
form a fine isolation structure by using the
perfluoropolyether-based lubricant as the mask
underlayer, and the organic molecular deposited film
as the mask pattern layer.

In addition, exposed portions of the mask
underlayer and the underlying protective layer were
removed to a desired depth by oxygen plasma etching,
thereby forming projections corresponding to the mask
pattern layer in the same manner as for, e.g., the
substrate shown in FIG. 6.

After that, the triphenyldiamine layer was
removed by sublimation by heating the obtained

substrate to 150°C or more in a vacuum by using lamp

annealing, or removed by acetone as an organic
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by the drive test using the contact head, the drive 15
test using the flying head, and the electro nmagnetic
conversion characteristic test. Table 2 shows the
obtained results. Exanple 7 In this exanple, a netal
filmwas formed as a 20 mask underl ayer, and a
polymer filmwas fornmed as a nask pattern | ayer.
Fol | owi ng the same procedures a38in~Exanple 1, an
under| ayer, stabilizing |ayer, interlayer, magnetic
recordi ng layer, and protective |ayer were 25
sequesntiednly. formed on a crystallized gl ass substrate.
After that, a 1-nmthick Si filmwas forned ka
underlayerS%QS%%ﬁ??%¥Yngth%gfl#ﬂéﬂcaéb%@'ﬂﬁ§?ﬁlER
filmwas f

| b
Coatl?iqu nﬁg§a?b9%?ﬁ%y%£a£%§%£n @ger%ky%a Otec?lve

t he I h

(e S TP P 4] P AL gt o,
StrLK%*&{Fﬁﬁsofeﬁﬁtfdg@95§é§|Slasﬁ@d tebpébyebythangeg a

i sl ands having high durability were obtained.

Subsefigidt Yo &€ HHL Ay Nedd subshaal eg walse fprobective layer
annealed in a nitrogen anbient at 200 0 C for 5 hours.

10 | romdeth ¢ | our f exposedwipdchi ansloefat hey nefkprojections
underl ayer and the underlying protective |ayer were
renoveer¢ of armedi red depth by oxygen plasma et ching,

t hereby formn rojections corresponding to the mask
y The gbgalged magnetic regor 1n8 med&um was coated

nd

with a perfluoropolyether-based lubricant about 2 nm
thick as a lubricating layer.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic
conversion characteristic test. Table 2 shows the
obtained results.

Example 7

In this example, a metal film was formed as a
mask underlayer, and a polymer film was formed as a
mask pattern layer.

Following the same procedures as in Example 1, an
underlayer, stabilizing layer, interlayer, magnetic
recording layer, and protective layer were
sequentially formed on a crystallized glass substrate.
After that, a l-nm-thick S$i film was formed as a mask

underlayer by sputtering.



10

15

20

25

pattern layer in the sane manner as for, e.g., the 15
substrate shown in FIG 6. After that, the obtained
substrate was irradiated wth UV radiation and washed
with water to renove the PMVA film Furthernore, the
Si mask under| ayer was renoved 20 by exposing the
obt ai ned substrate to CF4 plasma. Subsequently, the

Si and PMMVA | ayer remai ning on 8He protective |ayer
surface were renoved by irradiation with argon,

oxygen, or nitrogen gas plasma. 25 The obt ai ned
magneti c regendi ag2fedinohhnihals EY¥¥Redilni vasaformed as a

per fl uoropol yet her - based | ubricant about 2 nm _thick |
as a TbkiRAETRG | HJERY BD SPLN| 6RPRY"FhetBEREPY forming an

d in Ex le 1, th tai.ned ' .
Pé?é%&‘%ﬁ%&éﬁ%mﬁ%‘%vﬁp JafctRe byt holhr F0g FHUE £iim.
using t t h he dri ' t .

{Tying healfehnbhengaldn ElFn Rkl cobfith UA PHCLBE ritn, che

Charaf&fﬁigiéﬁ test, Tableq2sshous,tbeya0btaknedy possible,
anple 8 | I F

results. n this exanple, a netal oxide film

was fofrede 85t i fe IRSKabgdes baypas AAGiAY BLEANHGrability
nol ecul ar deposited 10 filmwas forned as a nmask

pattewdrd ayetaifedl owi ng the sane procedures as in
Exanple 1, an underlayer, stabilizing | ayer,
i nterl ayer Subhagoeehtlyy etbedphgaliapdr subsdrptet @esi eirther
| ayer were
annealed in a nitrogen ambient at 200°C for 5 hours.

In addition, exposed portions of the mask
underlayer and the underlying protective layer were
removed to a desired depth by oxygen plasma etching,
thereby forming projections corresponding to the mask
pattern layer in the same manner as for, e.g., the
substrate shown in FIG. 6.

After that, the obtained substrate was irradiated
with UV radiation and washed with water to remove the
PMMA film.

Furthermore, the Si mask underlayer was removed
by exposing the obtained substrate to CFy4 plasma.

Subsequently, the Si and PMMA layer remaining on
the protective layer surface were removed by
irradiation with argon, oxygen, or nitrogen gas
plasma.

The obtained magnetic recording medium was coated

with a perfluoropolyether-based lubricant about 2 nm

thick as a lubricating layer.
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sequentially formed on a crystallized glass substrate.
15 After that, a 2-nmthick Si02 filmwas forned as a
mask underlayer by sputtering, and the surface of this
Si02 filmwas nade hydrophobic by leaving the filmto
stand in HVDS steam for an appropriate tine, e.g., |
hour, thereby form ng an HVDS singl e-1ayered 20
adsorption filmas a surface | a§@r.-On this HVDS

singl e-1ayered adsorption film a 4-nmthick mask
pattern layer was formed by vacuum evaporation by
using tri phehyowiegntee Siee BIoPedyred 2helpudkamprle 1,
pattern |layer was 25 deliberately | owered because_th

net altthﬁuQ}é:taﬁrf(:ﬁDSW%@l% RN T dpadt ¥R 02 RasT § yuaeted
reacting with | d '
fand t%ﬁégq-ﬁh?ﬁjﬁlive @mﬁ%%@g & S%Ej‘l";%ﬁlg?a' %nrlf%gcl?{nl ?\%%rdrlve
ormed as the sur h ipne i .
oo A U PRl T T L0 ko

was formed, o A tecghiPé‘étefw@f@dt@QHi OfisHPE P henomskthe

underTayer  an he underlying protective |ayer were
renmovgeh & 0, &g desik eds dept h by oxygen pl asma et ching,
thereby form ng projections corresponding to the mask

patt ergath@y€rsi n the sanme manner as for, e.g., the
substrate shown in FIG 6. 10 The tri phenyl di am ne

| ayer was Eenokéd byamplbli manedalbgxheat fhgmt has formed as
obt ai ned substrate to 150 0 C or nobre in_a vacuu
usingalm@@kauﬁéﬁrlﬁﬁ?roran@eﬁﬁv@HgBVlﬁc@?&ﬁguggra

organi c_sol vent.
film was formed as a mask pattern layer.

e%%sited

Following the same procedures as in Example 1, an
underlayer, stabilizing layer, interlayer, magnetic
recording layer, and protective layer were
sequentially formed on a crystallized glass substrate.
After that, a 2-nm-thick SiOp film was formed as a
mask underlayer by sputtering, and the surface of this
Si0p film was made hydrophobic by leaving the film to
stand in HMDS steam for an appropriate time, e.g., 1
hour, thereby forming an HMDS single-layered
adsorption film as a surface layer.

On this HMDS single-layered adsorption film, a
4-nm-thick mask pattern layer was formed by vacuum
evaporation by using triphenyldiamine.

The affinity to the mask pattern layer was
deliberately lowered because the metal oxide Si07p
having a surface capable of easily reacting with HMDS

was used as the mask underlayer, and the HMDS
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Then, the Si02 mask underlayer was renmoved by 15
exposi ng the obtained substrate to CF4 pl asna.
Furthernore, the polynmer material remaining on the
protective |layer surface was renopved by irradiation
with argon, oxygen, or nitrogen gas plasma. 20 The
obt ai ned magnetic recordi ng nediumwas coated wth a
per f 1 uoropol yet her-based | ubricéht about 2 nm thick
as a lubricating layer. Followi ng the sane procedures
as in Exanple 1, the obtained magnetic_ recordin
nedlmmmmmpkaanhﬁﬂeaﬂSQEPQQPﬁlﬁikﬂiﬂﬁ?t@%ﬁm%%ﬁﬁﬁqﬁﬁé
contact head, the drive test using the flyin q§ad
and tstve fa@lcee thay Sfagn et er © e rsi %Hasr%%rf RS S e

S

test. Table 2 sho th 2 - '
0" T A S eI P b i T R B e (G ToEmec
filmwas forned &8 MBSloOAGrs AYins 808 @lle o3RI C

5 nol ecul posited erent fromthe mask

underdrﬁyeq%%qgérsfﬂ{m&%rﬁié@ﬁkir@téﬂ&éﬁyﬁé .layer were

Fol | om ng ane procedures as In Exanple 1, an
under)ay8fed Stahi | dgé Need ayesth i vy eskryen , p hagnet ¢eching,
recording layer, and protective |ayer were 10

sequesid gy formesy opra) ecysoms | ¢ere gpasdinabserbhe mask
After that, a 2-nmthick Alga filmwas forned as a

mask padestimybrydy Vactlen s¥aporaRReh. 2ThEOBbt &t Bed the

substrate was then annealed in a nitrogen at
substrate shown in FIG. 6. 9 nmospher e

The triphenyldiamine layer was removed by
sublimation by heating the obtained substrate to 150C
or more in a vacuum by using lamp annealing, or
removed by acetone as an organic solvent.
| Then, the S$i0O» mask underlayer was removed by
exposing the obtained substrate to CFq4 plasma.

Furthermore, the polymer material remaining on
the protective layer surface was removed by
irradiation with argon, oxygen, or nitrogen gas
plasma.

The obtained magnetic recording medium was coated
with a perfluoropolyether-based lubricant about 2 nm
thick as a lubricating layer.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic

conversion characteristic test. Table 2 shows the
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at 150C for 1 mn. 15 On the Alga film a 4-nmthick
triphenyldiamne filmas a |ow nolecular organic
compound was forned as a mask pattern layer at a
substrate tenperature of 60C by vacuum evaporati on
In addition, exposed portions of the mask 20

underl ayer and the underlying protective |ayer were
removed to a desired depth by o%§gen pl asma et ching,
thereby form ng projections corresponding to the mask
pattern layer in the same nanner as for, e.g., the
substhcrtmalelmwstiﬂ@e 6. 25 After that, the

tri phenyl di ami ne | ayer was renoved by sublimtion b
heat i RPN obt ai ned substrate to 15%C or nore in ay

vacuum by PSi@%}%gng%%g%eanggaéégg%igrm5f€?§f9¥E%epOSited

acetone as an ol vent - upsequen

f1 uorocar Koty bﬁéﬁgecﬁ’oéél@rmﬁlg ukdd Phepyd di amhnen | 8¥85nic

remaining on the protective 5 | ayer surface were

removesh oy, i 4 ¥ agh i d Ofe M £ 11 Rr A0AE e r &Y 9EFom Ofhe mask
nitrogen gas plasm, thereby obtaining a mnagnetic

r econghdygr 1eek tinvdavi signédea proteas k vieat eyen layet he

surface of which a plurality of projections were

formed. 10Fdhkowhsy Uneesdmgepranddwask patierhxpapés 1, an

were easily renoved because both the |ayers were nmade,

of turderiayee notaeidbrinepbdyeed inFaglaype magnetic

obt ai ned magnetjc recordi ng nedi um was coat ed
recording layer, and protective layer were
sequentially formed on a crystallized glass substrate.
After that, a 2-nm-thick Algz film was formed as a
mask underlayer by vacuum evaporation. The obtained
substrate was then annealed in a nitrogen atmosphere
at 150°C for 1 min.

On the Algz film, a 4-nm-thick triphenyldiamine
film as a low-molecular organic compound was formed as
a mask pattern layer at a substrate temperature of
60°C by vacuum evaporation.

In addition, exposed portions of the mask
underlayer and the underlying protective layer were
removed to a desired depth by oxygen plasma etching,
thereby forming projections corresponding to the mask
pattern layer in the same manner as for, e.g., the
substrate shown in FIG. 6.

After that, the triphenyldiamine layer was

removed by sublimation by heating the obtained

substrate to 150C or more in a vacuum by using lamp
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with a perfluoropol yet her-based | ubricant about 2 nm
15 thick as a lubricating |layer. Follow ng the sane
procedures as in Exanple 1, the obtained nagnetic
recordi ng medi um was eval uated by the drive test
using the contact head, the drive test using the
flying head, and the el ectro nagnetic 20 conversion
characteristic test. Table 2-shéws t+he obtained
results. Conparative Exanple 1 An underl ayer
stabilizing layer, interlayer, and magnetic recording
| ayerarwersl isenuent imdnqvddropdortene 265 aryseeddnzed
gl ass substrate followi ng the same procedures as in
Exanpc ventexcept that chemnmical nechanical polishing
was performed on the surface_of 44 the substrate

a surface THRIHERE Ra W€ abbif quabb%ﬂqb%§?%rp?h§$gr and
23 i ok corbon, brolect G, Layer des (0T IBg Ol 1ve

fl |
as a T 2a“¥r.e i a“pe‘é*fe Seday Pl %‘?@ﬁ%ﬁ’? saraon
as in, ity féspe;glé%etﬁk?ef@&@r%wlnlng a

medi um-was eva uated by the drive test using the
cont agdgriteaih #deokHiNg md@Bim Usd Nhd hehé |yt sige diebde layer

and the el ectro magnetic 10 conversion characteristic

t est .omalle ustwrs ¢hHevhidit ad nedurabity sof Conpie et { ors
Exanpl e 2 An underl ayer, stabilizing |ayer,

i nt erMeayeerfommrd.

The mask underlayer and mask pattern layer were
easily removed because both the layers were made of
the organic molecular deposited films.

The obtained magnetic recording medium was coated
with a perfluoropolyether-based lubricant about 2 nm
thick as a lubricating layer.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic
conversion characteristic test. Table 2 shows the
obtained results.

Comparative Example 1

An underlayer, stabilizing layer, interlayer, and
magnetic recording layer were sequentially formed on a
crystallized glass substrate following the same

procedures as in Example 1, except that chemical

mechanical polishing was performed on the surface of
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magnetic recording |ayer were sequentially forned on a

15 crystallized glass substrate. After that, a 3-nm

thick carbon protective layer was formed and coated

with a perfluoropolyether-based |ubricant about 2 nm

thick as a lubricating |ayer. Follow ng the sane

procedures as in Exanple 1, 20 the obtained magnetic

recording medi um was eval uated 4By the drive test

using the contact head, the drive test using the

flying head, and the el ectro magnetic conversion

char atters s traest . adbi eser hatow chobges s hda obe ai aegut

results. 45 ~Al-- MMCDr--i Mr-A Ln g% r--i -, 0,

CO u-Pmn. ~Aftprgdhaly 31y EDEFEm cAEPeR gpreyective

r--i Ln Mo mc,,j cD Ln mr--i r- mcD Q.CN"l C

C~ quggg}W%ﬁ_%?}QgétgpCgk?}m%gpegfpOr%§or8hng4lagir, and
coated with a perfluoropclyether-based lubricant about
2 nm thick as a lubricating layer.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic
conversion characteristic test. Table 2 shows the
obtained results.

Comparative Example 2

An underlayer, stabilizing layer, interlayer, and
magnetic recording layer were sequentially formed on a
crystallized glass substrate. After that, a 3-nm-
thick carbon protective layer was formed and coated
with a perfluoropolyether-based lubricant about 2 nm
thick as a lubricating layer.

Following the same procedures as in Example 1,
the obtained magnetic recording medium was evaluated
by the drive test using the contact head, the drive
test using the flying head, and the electro magnetic

conversion characteristic test. Table 2 below shows

the obtained results.
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drive test using the contact head, Exanples 3b and 3e
and Conparative Exanple 2 each having | ow roughness
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posi tioned. To stably nove 5 the contact_head, the sum
of t HExamRIRS atleaandf3e s GAMRA BaletVe rE%aTP+ 204 i 9ACH
perpendi cular to the nediumsurface is Si rabl¥ 40%
h

d
or | é“s%‘”ﬁ?g Y U ST e TR U ST AR LSRG T hele
aver t i i o i
acgoentqeclhig E;(%%l écuglcc’l p\ﬁcg‘é _?% ' gg‘lt{f%rg%&' r aPJ) Ys an.ny move

or !eSS: . e ccurre ecause the
proj d LSl Z8 RS d AT 98 dGhn P evedtpTdhe thLc By b BOE

area of the projections Is
summits viewed in a direction perpendicular to the
medium surface is desirably 40% or less of the area of
the medium surface, and the average height of the
projections is desirably 1 nm or less. In Example 3c,
TA occurred because the projection size was large. To
prevent TA, the average area of the projections is
desirably 1 pmz or less. No error occurred in other
examples.

In the drive test using the flying head, TA
occurred in Example 3d because the projections were
high. To prevent TA, the projection height 1is
desirably 4 nm or less. In Comparative Example 2, an
error occurred presumably because the roughness was
too low and so the magnetic recording medium was
damaged by an unexpected contact. An appropriate
roughness is necessary to ensure reliability when an
ultra-low flying head is used. No error occurred in
other examples.

In the electro magnetic conversion characteristic
evaluation, when Comparative Example 1 and the ultra-
low flying head were combined, the Signal-to-noise

ratio decreased by 1.3 dB from the reference because
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desirably 1 ~tnR or less. No error occurred in other
exanples. In the drive test using the flying head, TA

15 occurred in Exanple 3d because the projections were

hi gh. To prevent TA, the projection height is

desirably 4 nmor less. in Conparative Exanple 2, an

error occurred presumably because the roughness was

too | ow and so the magnetic Ttec#¥ding nmedi um was 20

damaged by an unexpected contact. An appropriate

roughness is necessary to ensure reliability when an

ul t r &heove YRS/ Faf haddl | soushene ARG rep BRENPFEE ¢mlsSotropy
ot her exanples. In the electro nagnetic conversion .
char a8 riRIEEeDs HBER A PHRA L HhEYE CohfaR bt i ¥evas combined

Exanple 1 and the ultra- low flying head .
combiHe tHfe SUTRATS 107D SEe 13§ Her? eALeR bR Y
dB fromthe ref 48

ougHAREAL ST oY rGRETT ot ROt T oy s Thobet ey o

Wen Lompalatpye,Lanphe radest Lo NgdandM hlighdeic

contact head, the Signal-to-noise ratio increased by

0.5 dRdyrdirey efidecin of wmesh omkagoide b, spacBag and 4 to 9
bet ween the magnetic head and magnetic recording

medi une raVesmikxesp | estd, ti2e Santaad Head, Otheeebfect of

conbined with the contact head, the effect of

nar r ov ngpv g spaei sp wehd wpbbarrpebeedulecahae the

alignment of the magnetic filmdid not deteriorate and

10 nefreIneenini @bt FlopynaRRe T hpak+ 88, did ROt oRskytbAERte and

the Signal-to-nojse ratio increased gy 1,2 to 2.0 dB
magnetic anilisotropy was imparted: "AS a cohsedquence,
the Signal-to-noise ratio increased by 1.2 to 2.0 dB
from the reference.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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fromthe reference. Additional advantages and

nodi fications will readily occur to those skilled in
the art. Therefore, 15 the invention in its broader
aspects is not limted to the specific details and
representati ve enbodi nents shown and descri bed
herein. Accordingly, various nodifications may be
made without departing fromthe49sprrit or scope of
the general inventive concept as 20 defined by the
appended clainms and their equivalents. 49 WHAT IS
CLAIMED IS: 1. A magnetWfAT ddordiidiBRediim conpri si ng
a substrate, a nagnetic recording |ayer fornmed, on the
substrat e, 1andAam%€6?EéF|€%CP§9éngEﬁﬁéamoﬁoFﬁélﬁlng a

t di b
0 ST RS Bar DaPe SR RabP TG G- bF ur AYFEy Fgfned on the

proj eg ﬂ)é’@f’aégrn%% sgéy§£@£9etbggs9f ﬁo%&&ebﬂ the

proj eciions are ormn rotective

|ayeﬂmaéﬁb@%&hf@809@§ﬁgCPQ?éks'QQbétQB%KayD eqhhayerrl0
and a nask pattern | ayer s acked on the nas

underd syedn@ndi bavifgben, | shandasiigciupeuraddty of
perform ng dry etching thereafter. 2. A medium

accorgh¢rpe ¢ 0i chai fo imedhen ea nstthéaceaskenadéy | aijferein the
contains a layer made of a material is selected from
the grovupecohshisting bérmedebul foankrgal onokhdepratective
metal_nitride, and an organic nolecular material. 3.
A med s BiccdR df hgh i 9 chas kn QOMRREFeRA ehBask underlayer

and a mask pattern layer stacked on the mask
underlayer and having an island structure, and
performing dry etching thereafter.

2. A medium according to claim 1, wherein the
mask underlayer contains a layer made of a material
selected from the group consisting of a metal, a metal
oxlide, a metal nitride, and an organic molecular
material.

3. A medium according to claim 2, wherein the
metal contains at least one member selected from the
group consisting of silicon, titanium, and tungsten.

4. A medium according to claim 3, wherein a
surface of the mask underlayer is treated by a
material selected from the group consisting of a
silane coupling agent, a photo setting resin, and a
thermosetting resin.

5. A medium according to claim 2, wherein the

metal oxide and the metal nitride are members selected
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metal contains at | east one nenber selected fromthe
20 group consisting of silicon, titanium and

tungsten. 4. A nedium according to claim3, wherein a
surface of the mask underlayer is treated by a

material selected fromthe group consisting of a

sil ane coupling agent, a photo setting resin, and a

25 thernosetting resin. 5. Ane8Puntaccording to claim
2, wherein the netal oxide and the netal nitride are
menbers sel ected so fromthe group consisting of

Si 02, f:3hBNZhe TP PURNEON ALSDUNG. oA Pz un$ halor dT kg t 8nd
claimb, wherein a surface of the mask underl ayer is
treat®3®y- a 5 material selected fromthe group

I sti f Il [, i . hot .
etting 161 n, AR ain AGrHbSbt el hg Fedih. 57 YASHEAPUR
. . . :
e Toheirey GErHIE R er R Y Re T o 21 H By

to a gidace ofetber 8BSKroMNERE | §¥8lp SondiFBLhYMOE a
according to claiml, wherein the nmask pattern |ayer

I's maglel Hfe abo@p YNNG Cag@herub aphotait eetalng1be8inA and a
medi um according to claim8, wherein the organic

nol ecthharmomé eriay resannenber selected from the

group consisting of tetratri phenyl am noet hyl ene,

tri phenyl dV ami Aemedhdmt eEshydibgygai AbRLRoal unPAYMLN the

mask pattern layer is formed by using a material
having low affinity to a surface of the mask
underlayer.

8. A medium according to claim 1, wherein the
mask pattern layer is made of an organic molecular
material,

9. A medium according to claim 8, wherein the
organic molecular material is a member selected from
the group consisting of tetratriphenylaminoethylene,
triphenyldiamine, and trishydroxyquinolinocaluminum.

10. A medium according to claim 8, wherein the
organic molecular material is a member selected from
the group consisting of polystyrene,
polymethylmethacrylate, polyimide, novolak resin,
polyethylene, polybutadiene, polyisoprene,
polyethylene oxide, polydimethylsiloxane, spin on
glass, and perfluoropolyether.

11. A medium according to claim 1, wherein an

average plane area of summits of the projections
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10. A nedium according to claim8, wherein the 20

organic nolecular material is a nenber selected from

the group consisting of polystyrene,

pol ynmet hyl met hacryl at e, pol yi m de, novol ak resin,

pol yet hyl ene, pol ybut adi ene, pol yi soprene,

pol yet hyl ene oxi de, pol ydi net hyl sil oxane, spin on 25

gl ass, and perfl uoropol yether. 31. A nedi um accordi ng

to claim1l1, wherein an average plane area of summts

of the projections viewed in a direction perpendicul ar

to a wieliemn isur fateedsliontpeopendhanlar ~tapa modiam

medi um according to claim 1, wherein an average

hei ghtupfaghel priflecteohsthan 11 t"2: nm 5 13. A nedi um

wher ei n sum o; gla e areas.of
i

sumits offhe %r%%%%??oﬁgc9fgaﬁg FR < r CtWéﬁreln an

per pendi cul ar,_ to nedi S ' 0 h

oo PIALEHATLL 00, TEF UL L ER 8,000 (LS AN,
recordi ng {gdi U £OFPN,SLEAG-R41AE EHDSTLaMe]  Awherein a sum
magnetic recording layer forned on the substrate, and

a pradecimee | aysss foFf et § her PRENEEbgeteLOondi Nfewed in
| ayer, substantially nade of dianond-Iike carbon, and
havi ng @i pdat Bbn tyye opengi op ket | vosa fvedibdmosuatgaef dsenot
thereof, 15 wherein an average plane area of summts

of theorerviactidhsolianedrén af dihecredhum surface.
perpendicular to a mediumsurface is not nore than 1

~=2. 15. AlfredidnhageskdFngeE8retapnitedi URhePBPRLI§ANY 2
aver age height of the pr

substrate, a magn tféegéég?ﬁiﬁs %a§gr4fgg%ed on the
substrate, and a protective layer formed on the
magnetic recording layer, substantially made of
diamond-like carbon, and having a plurality of
projections formed on a surface thereof,

wherein an average plane area of summits of the
projections viewed in a direction perpendicular to a
medium surface is not more than 1 umz.

15. A medium according to claim 14, wherein an
average height of the projections is 1 to 4 nm.

16. A medium according to claim 14, wherein a
sum of plane areas of the summits of the projections
viewed in the direction perpendicular to the medium
surface is not more than 40% of an area of the medium
surface.

17. A magnetic recording/reproducing apparatus
comprising:

a perpendicular magnetic recording medium
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20 16. A nedium according to claim 14, wherein a sum

of plane areas of the summts of the projections

viewed in the direction perpendicular to the nmedi um
surface is not nore than 40% of an area of the medi um
surface. 25 17. A magnetic recordi ng/ reproducing

apparatus conprising: a perpendi cul ar nmagnetic

recordi ng medi um 52 conprisitng®d substrate, a

magnetic recording layer fornmed on the substrate, and

a protective layer formed on the magnetic recording

| ayercomrmbss B | Al FYPHRERIDf 2 dMA@DAELF i keCeBFbRd, Lanar
having a plurality of 5 projections forned pn a

Sur f aERE A wr EAT hROBE £ Bee | BAS BTG TOr D byyer formed
formng, _.on the protective..layer, an '

conpr i HEF dhaak Thaerrebar SRy o PSR P Fa T R g mpcte of
StackefL AhA e FBSK, - WOMCT LAY o A1y NAVD G- 8D 1 5 8Rd
structure, an performng dry etthing ther ea ter;

and L MRNEMs ASemd SPPAr &L HBa S COREFEGE L Ockbai M
17, wherein the MR head has a flying height of not

mor e pheedOioms e Omy t hermagney i toretng di oy tedi ppotective
15 19. An apparatus according to claim 17, wherein

t he nlske unden | ayericpmas hscampaysingeaaenafk aunderlayer
materi al selected fromthe group consisting of a

met aland aEtask oxddecra heyar steeked, canehanmdf§ani c

nol ecul ar materi al . _ _
underlayer and having an island structure, and

performing dry etching thereafter; and

an MR head.

18. An apparatus according to claim 17, wherein
the MR head has a flying height of not more than 10 nm
from the magnetic recording medium.

19. An apparatus according to claim 17, wherein
the mask underlayer contains a layer made of a
material selected from the group consisting of a
metal, a metal oxide, a metal nitride, and an organic
molecular material.

20. An apparatus according to claim 19, wherein
the metal contains at least one member selected from
the group consisting of silicon, titanium, and
tungsten.

21. An apparatus according to claim 20, wherein
a surface of the mask underlayer is treated by a
material selected from the group consisting of a

silane coupling agent, a photo setting resin, and a
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20 20. An apparatus according to claim19, wherein
the netal contains at |east one nmenber selected from
the group consisting of silicon, titanium and
tungsten. 21. An apparatus according to claim 20,
wherein 25 a surface of the mask underl ayer is
treated by a material selected fromthe group
consisting of a silane coupfing3agent, a photo
setting resin, and a 53 thernosetting resin. 22. An
apparatus according to claim19, wherein the netal
oxi de- A IR et Rl T9F ki de are menbers sel ected from
nsisting of Si02, Si3N4, 5 Ti O _and

the group : 304 _
D30 An_appod ot UAM aEUBT B HGS t BOEPARMIB2t Oy bR Bl O Wherein
surface of the mask underlaver is,tre b

U 56 Lt L SRRl LR oL LEEPL P DY mener

si | ang, COUPLA NG GPeM e S DROL Qo881 LE NGy T &8I @io%‘,ndsﬁ Ng,

10 thernosetting resin.” 24.” An apparatus accordi ng %o

claimiy, y@@r@j§b the mask pattern layer is forned by
using a materi al %aving low affinity to a surface of

the mask 2mderhayeppaitdtas. adnoappagatascastnr depgwherein
claim17, wherein the mask pattern |ayer is nade of

an organictant ecflll Gne masleriadier Peye Aniappacated by a
according to claim25, wherein the organic nol ecul ar

mat erfatef 2 h pehderedef semeline group consisting of a

silane coupling agent, a photo setting resin, and a
thermosetting resin.

24. An apparatus according to claim 17, wherein
the mask pattern layer is formed by using a material
having low affinity to a surface of the mask
underlayer.

25. An apparatus according to claim 17, wherein
the mask pattern layer is made of an organic molecular
material.

26. An apparatus according to claim 25, wherein
the organic molecular material is a member selected
from the group consisting of
tetratriphenylaminoethylene, triphenyldiamine, and
trishydroxyquinolinoaluminum.

27. An apparatus according to claim 25, wherein
the organic molecular material is a member selected
from the group consisting of polystyrene,
polymethylmethacrylate, polyimide, novolak resin,

polyethylene, polybutadiene, polyisoprene,



20 fromthe group consisting of
tetratri phenyl am noet hyl ene, tri phenyl di am ne, and

tri shydroxyqui nol i noal um num 27. An apparat us
according to claim25, wherein the organic nol ecul ar
material is a nenber selected 25 fromthe group

consi sting of polystyrene, polynethyl nethacryl ate,

pol yi mi de, novol ak resin, polyééhyktene,

pol ybut adi ene, polyisoprene, 54 polyethylene oxide,
pol ydi net hyl si | oxane, spin on glass, and

per f | Rk ypoh ybeheroxge, Apohppanatnslattordnag spin on

claiml1l7, wherein an averag Elane area of summts of
the pFbpedtiame BeyfbwRROPATIYe P?Ection per pendi cul ar
to a nediu surface is FOt nore th

~LoR., 2 ,
appar at us atcor Pn@pParé HFnFT?orﬂﬁgge R Ci%18v§7ag§hereln
helghénoévépg%@dgigﬁélgm '8f1§ﬁﬁm4tgn5f ?86 o%scFions

apparat us acc érern

5 plane, areas of §U&ﬂ}é§t9$ntB@rBéRﬁ?EELQBStoVéeM@thﬁ a

di rection perpendl cular to nedi um surface is not

nor e $hehna 4% 9f nah @[k ea @ﬁaﬁh@ gedi um surface. 31. A
magneti ¢ recordi ng/ reproduci ng apparatus is

conpri sing29a pknpepdacatas gagnetiogr ecocdany Afdi wmerein
conprising a substrate, a magnetic recording |ayer

f or neah onve hagsubsigat eof apdearppdeetippe Layér tPofned -

on the nagnetlc recordlng | ayer, substantially made of
30 An apparatus according to claim 17, wherein

10 a sum of plane areas of summits of the projections
viewed in a direction perpendicular to a medium
surface is not more than 40% of an area of the medium
surface.

31. A magnetic recording/reproducing apparatus
15 comprising:

a perpendicular magnetic recording medium
comprising a substrate, a magnetic recording layer
formed on the substrate, and a protective layer formed
on the magnetic recording layer, substantially made of
20 diamond-like carbon, and having a plurality of
projections formed on a surface therecf, an average
plane area of summits of the projections viewed in a
direction perpendicular to a medium surface being not
more than 1 umz; and
25 an MR head.

32. An apparatus according to claim 31, wherein

the MR head has a flying height of not more than 10 nm



10

15

20

25

20 di anond-|i ke carbon, and having a plurality of
projections fornmed on a surface thereof, an average
pl ane area of summts of the projections viewed in a
di rection perpendicular to a nmedium surface bei ng not
nore than 1 ~LnR2; and 25 an MR head. 32. An apparatus
according to claim 31, wherein the MR head has a
flying height of not nore than 36 nm 55 fromthe
magneti ¢ recordi ng medium 33. An apparatus according
to claim 31, wherein an average height of the
pr oj eCroronshé smdgnet 4c npgcoBdingnnappanat us accor di ng
to claim3l, wherein 5 a sum of plane areas of the
sumits of 38he bﬁo?@@?FéﬁES IFEREEINE Fﬁecaﬁﬂ@cﬁﬂonWhereln
per pendicul ar to um surface e than
2 e

40% of" ah'ar e8° ?e%%%tnﬁﬂ bh? 8&??%8%l°§% tRod BF-
nanufacturg@g aAHHQE§£Egtu%OaEgggﬁghggtge iggh 31 wherein

conprising” ‘form netrc recor

SUbStéaéﬁ% $Or g nge aPéQgeGE'YEel§Mﬁﬁl€§d§foéhg'BFBEQctlons

i ke carbon on" the magnetic recording layer, formng a

mask $NEesd ayer R 4B ObRCHE¥EchaVEhilat 0Bl HPeamdBium
mask pattern | ayer having an island structure on the

mask smgestayes hot ohdbaénthanetChi o aaskreadefuphefmedium
t he mask underl ayer and the mask pattern | ayer,
dry-esehfaget he protective |ayer by using the etching

mask to forma Elurallty of projections on a surface
3 method” of manufacturing a magnetic

recording medium, comprising:

forming a magnetic recording layer on a
substrate, forming a protective layer made of diamond-
like carbon on the magnetic recording layer, forming a
mask underlayer on the protective layer, forming a
mask pattern layer having an island structure on the
mask underlayer to obtain an etching mask made up of
the mask underlayer and the mask pattern layer,
dry-etching the protective layer by using the etching
mask to form a plurality of projections on a surface
of the protective layer, and removing the etching
mask.

36. A method according to claim 35, wherein the
mask underlayer contains a layer made of a material
selected from the group consisting of a metal, a metal
oxide, a metal nitride, and an organic molecular
material.

37. A method according to claim 36, wherein the
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20 of the protective layer, and renoving the etching
mask. 36. A nethod according to claim35, wherein the
mask underl ayer contains a | ayer nade of a materi al
selected fromthe group consisting of a netal, a netal
25 oxide, a netal nitride, and an organi c nol ecul ar
material. 37. A nethod according to claim 36, wherein
the 56 netal contains at |eastS6ne-nenber sel ected
fromthe group consisting of silicon, titanium and
tungsten. 38. A nethod according to claim37, wherein

a sunéezk ofnthengezk Ledet| apermembereacédcpgdafsom the
materi al selected fromthe group consisting of a
silan%r%@®p¢@%§l%@éﬂg Oé ﬁhg%6°§etF%ﬁ@n¥é@rnanﬁnHuQQSte“
thernnsetthg sin, A net hod ﬁcc%édlng go ch

36, wher e the WﬁFQP o*FERTAHAIt A8 Pl Ai'tr FAETSE 2

b I d f
5 02 & 5 A rre it A suatea 8 P ERNS ket B g 1o
cl ai rﬂxég@%rwfrgéfe@te?uﬁi?xggtﬂé ?PSuWéBnEEQ@Eh@VSE S

treated mat er | ted Tromthe group

consisiifge Oéo@pi§n<§|é@@ﬁtpoapﬂahaaoag@atmg pBetA, and a
setting resin, and thernosetting resin. 41. A

nEthOﬂh@ﬁ@@&dtﬂQn@Or@kﬁnﬁ]35 wherein the mask
pattern layer is formed by using a material having
| ow af fini89.toRamsbhbdcacobrihpgnmagkclaim 36, wherein the

metal oxide and the metal nitride are members selected
from the group consisting of SiOp, Si3Ng, TiO, and
Al30y4.

40. A method according to claim 39, wherein a
surface of the mask underlayer is treated by a
material selected from the group consisting of a
silane coupling agent, a photo setting resin, and a
thermosetting resin.

41. A method according to claim 35, wherein the
mask pattern layer 1s formed by using a material
having low affinity to a surface of the mask
underlayer.

42. A method according to claim 35, wherein the
mask pattern layer is made of an organic molecular
material.

43. A method according to claim 42, wherein the
organic molecular material is a member selected from
the group consisting of tetratriphenylaminoethylene,

triphenyldiamine, and trishydroxyquinolinocaluminum.
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20 underl ayer. 42. A method according to claim 35,
wherein the mask pattern layer is nmade of an organic

nol ecular nmaterial. 43. A nethod according to claim

42, wherein the 25 organic nolecular material is a
menber selected from the group consisting of
tetratri phenyl am noet hyl ene, triphenyl diam ne, and

tri shydroxyqui nol i noal um num- 537 44. A net hod

according to claim42, wherein the organic nol ecul ar
material is a nenber selected from the group

consi sting4éf pblystyodnaccopdingethytheihadeyl aherein the
pol yi m de, novol ak resin, 5 polyethylene,

pol y bR gem £pemo bofylapprarer Labol§ et H)eRher oxpyected from
pol ydi et hyl si | oxane, spin and

| ,
perfl%%?o. ?9%tﬁ%?§li%?g%‘ﬂgpﬁ%gy%giﬁ?ﬂ?hg.to cl ai m
D e e A B S O LT 8L Py Rle g T BR8] 2L B8,

ctron perpendi cul ar

: TR SHLaRE, | o, PRseehBonedy gt 00

nmet h cor In an average

hei ght o 0§t HE1PROI 8£1HONSHb BydihOthy DBY 144anéd, MBphAdon
according to claim35, wherein a 1% sum of pl ane

ar easgPisspmmhdspefriherppoj gethens viewed in a
direction perpendicular to a medium surface is not
nore than 46% of mathpdaaototHéngedbumlsdmf 36e. wherein an

average plane area of summits of the projections
viewed in a direction perpendicular to a medium
surface is not more than 1 umz.

46. A method according to claim 35, wherein an
average height of the projections is 1 to 4 nm.

47. A method according to claim 35, wherein a
sum of plane areas of summits of the projections
viewed in a direction perpendicular to a medium
surface is not more than 40% of an area of the medium

surface.



