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TI TLE OF THE | NVENTI ON MAGNETI C RECORDI NG MEDI UM

METHOD OF MANUFACTURI NG THE SAME, AND MAGNETI C
RECORDI NG REPRODUCTI ON APPARATUS BACKGROUND OF THE

I NVENTION 5 The present invention relates to a 4mmwmmmm“
magnetic recording nediumfor use in, e.g., a

di sk apparatus using the magnetic recordi ng techni Qg sos
and, nore particularly, to amaghetic recording

medi um having a magnetic recording | ayer so patterned
that 10 magnetic structures such as adjacent tracks

are physically separaf @8LEaOkeTHEd IBVENEAGNact uri ng

the sane, and a nagnetic recording/re roduction

appar AARNETIG REGPHRP e ENSUY hMERH@RI ©F YANHFACTURING THE
magnet j e di a 15 increases, the track

dens; 0 T A B oro T PRaERRB3 gL oRep RRRATUS
its I'inear bit densi ' [ Jpn.

Pat. Appln . KOKAI %ﬁﬁ?ﬁﬁiﬁdﬁ@%ﬁ@bﬁ%@%

so-cal | ed di | Lc.recordi .
nediun1havpﬂg%%%ﬁgg?ﬂfs%#?%%giogoggggg%?a§go% hgaﬁgfﬁg
ST UCLAU GRS £01d QRPN Mok Qude DA, &gl £C LR disk

i nformati on. is patterned mediumis aftracting

at t entdpgph rPACAUSE Mt tid haly & £ &€ ePE€o BRI MEEReBhhSque and,
can be reduced and ultra-high-density recordi ng can

be 25 nperd qrawedi dyl 40Ty ngo t hemamgeet & cretovat HyefeBY um

using materials having different magnetic properties.
The nd@wing a evagnetnic | sgesrding hbapatrt sonpdtterned that

ik

10 magnetic structures such as adjacent tracks are

physically separated, a method of manufacturing the

same, and a magnetic recording/reproduction apparatus

using the same.

As the capacity of a magnetic recording apparatus

15 increases, the track density of the apparatus also

20

25

increases together with its linear bit density.

As described in, e.g., Jpn. Pat. Appln. KOKAI
Publication No. 3-142707, a so-called patterned medium
is a magnetic recording medium having, on its surface,
an array of magnetic structures corresponding to 1 bit
of recording information.

This patterned medium is attracting attention
because mutual interference between‘bits can be
reduced and ultra-high-density recording can be
performed by forming the magnetic structures by using
materials having different magnetic properties.

The magnetic recording layer of the patterned
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I 2 mediumis generally patterned using the
phot ol i t ho- graphy techni que. For exanple, after a
magnetic recording | ayer and carbon protective |ayer
are formed on a substrate, a photoresist is forned
by coating, 5 and this photoresist 1is exposed and
devel oped to form a photoresist pattern
corresponding to the array of -the magnetic structures
descri bed above. This photo- resist pattern is used as
a mask to etch the magnetic recording |ayer and

car bormgd breci f vgehayet lyApattetroethasinghéhe photolitho-
phot or esi st attern is renoved by usin% oxygen .
pl asned B RRY nge@f*n%ﬁée}i kEOTt RERBByCobRALLARILNG Magnetic
patterned netjc recordingrlayer. When expgsed to an

oxygent PFASTHI hoBGEr 2nEhe2TRARbBROPREE&¥EI vaYPayare formed
is readjl noved, and

15 f ft :
magnet ¢ %e%% %Fﬁ@t?aygr£F§t8§?a?%gdgge$ﬁggeggayagg§t1ng,

g e ot T OPgTShL e PONYELS1aN6BALAE) BLLoMLER0he 0 form

magneti1 c recor

| NVENT. ng, - | t] e.i
consi terand B0 OF ERE pat PUER, LO D - U8B oRAT A TRE TR g ray of

its objleetmionePiOVEELuALLBEBNHEYE DY WNLER VR MgReY Ohoto-
recording nediumis obtained by easily patterning a
magneti€sisecpatiiogn! ayetsvlit hBoub fekRrker aktRgthktSmagnetic
el ectromag- netic conversion characteristics. 25 A
magnetrecoedongi hgyeaedant odrbbe presestive layer. After

ayer.

10 that, the photoresist pattern is removed by using

oxygen plasma etching or the like, thereby obtaining
a patterned magnetic recording layer.
When exposed to an oxygen plasma, however, the

carbon protective layer is readily removed, and the

15 surface of the magnetic recording layer is oxidized.

This degrades the electromagnetic conversion
characteristics of the magnetic recording layer.
BRIEF SUMMARY OF THE INVENTION

The present invention has been made in considera-

20 tion of the above situation, and has as its object to

provide a technique by which a magnetic recording
medium 1s obtained by easily patterning a magnetic
recording layer without deteriorating its electromag-

netic conversion characteristics.

25 A magnetic recording medium of the present

invention comprises a nonmagnetic substrate, a

magnetic recording layer formed on the nonmagnetic



i nvention conprises a nonmagnetic substrate, a

magneti c recording |ayer forned on the nonmagnetic
substrate and patterned into a track shape or dot

shape, and a silicon based protective |ayer forned on
at least a surface of the magnetic recording |ayer,
which is opposite to the nonmagnetic substrate. 5 A
magneti c recording/reproducti on abparatus of the
present invention conprises a magnetic recording

medi um i ncl udi ng a nonmagneti c substrate, a nagnetic
recor RS 1 E5%e F0dneatbprede hobheagnétipeksabspeaps dot
and patterned into a track shape or dot shape, and a

10 si |SRAPLhaRRY Prot etEPReLPragerPiorREE1BA aBYRPEadprRed on
surface q{ t he magnetic regordin | ayer, which is

opposii% Fihed n eyt ? e TR ?lgn6e80r§ing layer,
recor di;ng/,f epr o Cééfﬂ%P §3th§ggggﬁgéé855§§§ﬁ 0% te.

medi um manufact ng

g nvention CzQ”FRéJ;§§§ié??8882&%‘}5@géeEgE)HLEQtiénwgggétgLa%gﬁ of

recording layer and silicon rotective

a_nQnWﬁ%@ﬁ5f§s§#@slﬁ@éﬁti$ﬁr8$ﬁﬂri§e9h9t858§E§§cogebg§ding
silicon based protective |ayer, patterning the

phot ormesd sim bynel phdi 9l & t hegnaghyt 28 teebokave,ta hagRetic
a photoresist pattern corresponding to a track shape

or dotret@pdingatdyeat | Joresdvongthdenonmggretec substrate
recording layer and silicon based protective I|ayer by
dry etaid epbyeusédginbhe photackssséppabtednt akape, and a
mask, and renoving the photoresist pattern by 25 using
1lxygers bl aeom preeespragecthee ebyypat fermedgonhat least a
magnet i c recordinghlayer and silicon based protective
surface of the magnetic recording layer, which is
opposite to the nonmagnetic substrate, and a
recording/reproduction head.
A magnetic recording medium manufacturing method
15 of the present invention comprises sequentially
forming a magnetic recording layer and silicon based
protective layer on a nonmagnetic substrate, forming
a photoresist on the silicon based protective layer,
patterning the photoresist by a photolithography
20 technique to form a photoresist pattern corresponding
to a track shape or dot shape, partially removing the
magnetic recording layer and silicon based protective
layer by dry etching by using the photoresist pattern
as a mask, and removing the photoresist pattern by
25 using oxygen plasma processing, thereby patterning the

magnetic recording layer and silicon based protective

layer into a track shape or dot shape.
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10

15

| ayer into a track shape or dot shape. BRI EF

DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The
acconmpanyi ng drawi ngs, which are incorporated in and
constitute a part of the specification, illustrate

enbodi nents of the invention and, together 5 with the
general description given above and the detailed
description of the enbodi nents gi4verr bel ow, serve to
explain the principles of the invention. FIG 1 is a
sectional view showi ng the arrange- nent of an exanple

of a nBBAEEI PESERIFFILRY ddiTii BEVAGESr dI IHgV3 OF HEE DRAWING
present invention; FIG 2 is a schematic view show ng

t he arrangetP et CAOFPARY BXANPF &VSRI 8, ndgheRi gare incorporated

di ng/ ., reproduction apparatus according,to the
o eserttt ANV O S f ot | O ot BectPoRaT: i WP hor
| ai.ni ' f the. t,i
Fecor g e T SRS PAPTREE PuetRF: PRVERer oRogether

FI G %vl'tsh ack?@f#ér?é@l \(;é@ét/\%g%tf&pl?i@.érqgaﬁove and the

manuf act uri ng ocess e magnet recordi ng nedi um

20 accRidiingd ydder PEesshtof VROt iRBo g Fhéhee 4Sven below,
sectional view for explaining a manufacturing process

of thedmgheld CexEX01 i 1ige NBEH Wl p BESO6 £li ABet OntBRtion.
present invention; FIG 6 is a sectional view for

expl ai ni ng BI@5 hrahsif acseict hgnpt ocess showhagnagsebireange-
recordi ng medium according to the present invention;
and FIn@nt7 a5 an ssanphalo¥iawdgneekpl seodpnging medium
according to the present invention;
FIG. 2 is a schematic view showing the arrange-
-ment of an example of a magnetic recording/
reproduction apparatus according to the present
invention;
FIG. 3 is a sectional view for explaining a
manufacturing process of the magnetic recording medium
according to the present invention;

FIG. 4 is a sectional view for explaining a

manufacturing process of the magnetic recording medium

20 according to the present invention;

FIG. 5 is a sectional view for explaining a
manufacturing process of the magnetic recording medium
according to the present invention;

FIG. 6 is a sectional view for explaining a

25 manufacturing process cof the magnetic recording medium

according to the present invention; and

FIG. 7 is a sectional view for explaining a



manuf acturi ng process of the magnetic recordi ng nmedi um
according to the present invention. DETAILED

DESCRI PTI ON OF THE | NVENTI ON A magnetic recordi ng
medi um of the present 5 invention is a nmagnetic

recordi ng nmedi um whi ch i ncludes a nonmagnetic

substrate, and a nagnetic recording |ayer fornmed on

t he nonmagnetic substrate and pattetrned into a track
shape or dot shape, and which further has a

silicon-based protective layer 10 forned on at |east a '
sur f adeai L3 Gl phpmepTece @t op i hge Mageetighremording medium
opposite to the nonmagnetic substrate, A magnetic
record??@ﬁ?%b?%dﬁ%t?%ﬁ Rpperat usnBENERENpr esent

mgneti ¢ 1 'eio?ﬂa%% mﬁ%@&ﬁf’f@a@aﬁﬂix;@‘sﬂ@ﬁ%ﬁoms

t he above recor in nedlu
recordlng/repro %Snr Qo glﬁg g% ?egoﬁdpﬁﬁsent

!?Ed't”ﬁﬁﬁgﬁ%f6$uién9 %989 02e&8$d9£§5ﬁ881hﬁvﬁﬂﬁbﬁn

is an exanpl e of manut act

magnet i £ 1640% di n@omsiwértﬂsss{lw@gatgo éi@avs m@Bfetic
conprises formng a nmagnetic recording |layer on a

nonmagnets £d stpstapé e, £&onmstngnat PBOhEHRaghEsl cOBubBerate
magneti c recording | ayer, patterning the photoresist

by a phod opathegnephintechntgaekt shépenmca dpbothepsi stind
pattern corresponding to a track shape or 25 dot
shape,vwipbeh | Gbtyheenbys ng sheicagneasedrprotdihgve layer
| ayer by dry etching by using the photoresist pattern
1%s a n%%Rme%n@nr@hn ¢agt t AeSPRGEGPeSF sthpaneenathy recording

usin px en | asma, processing, there by patternin
t he g y ﬁh?ch i opp031tg to the nongagnetlc gubstrate

A magnetic recording/reproduction apparatus of
the present invention is an example of an apparatus
using the magnetic recording medium described above,

15 and has the above magnetic recording medium and a
recording/reproduction head.

A magnetic recording medium manufacturing method
of the present invention is an example of a method of
manufacturing the magnetic recording medium described

20 above, and comprises forming a magnetic recording
layer on a nonmagnetic substrate, forming a photore-
sist on the magnetic recording layer, patterning the
photoresist by a photolithography technique to form a
photoresist pattern corresponding to a track shape or

25 dot shape, partially removing the magnetic recording
layer by dry etching by using the photoresist pattern

as a mask, and removing the photoresist pattern by



magnetic recording layer into a track shape or dot

shape, wherein a silicon-based protective layer is
further fornmed on the magnetic recording | ayer before

5 the photoresist is forned, and the photoresist is
used as a mask to partially renove the magnetic
recording | ayer together with the silicon-based
protective layer by dry etchihg.® The track-shaped or
dot - shaped pattern corre- 10 sponds to the array of
magneti c structures of a patterned nedium Exanples

of thdl¥¥Ekosyegedlpama ephoaedshngpi khrrshappastgrning the
concentric shape. In_ the magnetic recording |ayer

thus TATRICIRtECEPYIbRY LR¥sE pREPepn§raglj gahepe or dot

tracks or dots.are physically is separated. ,In the .
ragnet AR OF o Bt et St BFOVFRS SEROLEAESChidf: Lguer 1o

' Ki ' | dd
i or et e o pardd P e e e B Senghe 33ggyperore

{he li%ﬁéEﬁﬁbﬂ@fé%ﬁ@%igftggfﬂgapeghﬁ.Eﬁgoﬁﬂbegrgg%%ﬁn&s used

t hus patterned.: S a sectional “view's

the ardangenadento oba APi £X8PPLEmEY et BReMREBRELEc recording
recordi ng medium according to the present “i nvention.
As showyén tdéetHerthetiagnet sc11e6AFBRBBdNBAOEBLtive layer
according to the present invention conprises a 25
nonmagmetdcy sebsthimage 1 having, e.g., a. disk shape,
a magnetic recording layer 2, a silicon protective
| ayer 3, anBha taabbnshaped protiettishepkdypetierfheorre-
magnetic recording layer 2 is patterned into a
1Gkoncenperd®drtepiral arrarkoshapenetig dsruskhapes Tihea

(@1

patterned medium. Examples of the track-shaped
pattern are a spiral shape and concentric shape. In
the magnetic recording layer thus formed into any of
these patterns, adjacent tracks or dots are physically

15 separated. In the magnetic recording medium of the
present invention, recording tracks, tracking servo
signals, address information signals, reproduction
clock signals, and the like are written in the
magnetic recording layer thus patterned.

20 FIG. 1 is a sectional view showing the arrange-
ment of an example of the magnetic recording medium
according to the present invention.

As shown in FIG. 1, the magnetic recording medium
according to the present invention comprises a
25 nonmagnetic substrate 1 having, e.g., a disk shape,
a magnetic recording layer 2, a silicon protective

layer 3, and a carbon-based protective layer 5. The



magneti c recording |layer 2 has an upper surface which

IS opposite to a bottomsurface in contact with the 5
nonmagneti c substrate, and tapered side surfaces

formed between the upper surface and bottom surface.

The silicon protective layer 3 is stacked on the

upper surface of the nmagnetic recording' |ayer 2. The

car bon- based protective layer 5 i5 continuously forned

10 over the surfaces of the stacked bodies of the

magnetic recording layer 2 and silicon grotect[ve

| ayer agnekic peeprdhedsideesu?f A8epabternedmghiet Ac
recordi ng Iager 2, the surface of the silicon protec-

tive |EeFeBIrHAdOF hePstirt abka6k BR&PROARMENEPFcSEEPe. The

substrate 1 in a re?ion except %og t he regions mhzre .

the mEBHEARTE T ebtOrAf M Paye¥Ss s for ABdUPRGLeSEREACE which

this segtéonaé.gieygsgomst 5 orti 0 of.nthgn ecéionth th

when the WRETTRe Fagne?FeoTeddFafig RedPlmcs ¥l ©
er pe . 1.0 ma a a

P ol o Ll ot BEeEIEa TULAR, CopRE P8 E8ePLa00aERe

i nvent; Ofine@ S&thEOR- PRSCHppREOLREELYE hACHokEom surface.
further formed between the "~ magnetic recording | ayer

and phpioresi stofluptbgetbevaandlaet ores Atheked ¥n the
etching, those side surfaces 25 of the nagnetic

recor dipiget ayerfanbi 60 ane megn¥edcbyecetahhpgglarer 2. The
exposed, but at |east the upper surface of the
magnetcerbecopased payeectiwhechaysroppodsi tentdntthesly formed
nonmagneti c substrate is covered with the silicon-
lhased prorethe¢veurtgees 0f the ghgakedcbpdéesdpiigthe
| ayer is exgpsed to an oxygen plasma when the .
phot org@gnetic recording layer 2 and silicon protective
layer 3, i.e., over the side surfaces of the magnetic
recording layer 2, the surface of the silicon protec-
tive layer 3, and the surface of the nonmagnetic
15 substrate 1 in a region except for the regions where
the magnetic recording layer 2 is formed.

Note that this sectional view shows a portion of
the section when the disk-like magnetic recording
medium is cut perpendicularly to the two major

20 surfaces along the radial direction of the medium.

In the present invention, a silicon-based
protective layer is further formed between the
magnetic recording layer and photoresist during the
manufacture. After dry etching, those side surfaces

25 of the magnetic recording layer, which are removed by

etching are exposed, but at least the upper surface

of the magnetic recording layer, which is opposite to



1G or mat i oWe 62 L t hehe natfet Ferfaeef dPfg

sist is renoved, the exposed side surfaces are 5
oxi di zed and are rendered nonmagnetic. |If these side
surfaces have nmagnetismand information is witten in
the side surfaces, the track width becomes |arger

than the actual track wi dth, or recording

magneti zati on becones unstable to cause noise. 10
However, the side surfaces of'th@ patterned magnetic
recording | ayer used in the present invention are
rendered nonmagnetic. Therefore, the track width does
not i nichRazs@magie hiC novet raterbgueedered vhehother silicon-
hand, the silicon-based protective |ayer protects 15

the uppEteSWRIACRSEHAY TNt onst abl8 SEEPREF CagarASHLing

ot FaCk Uest ROTAERTER 765 SNGoBUSH rRORBTFHiPY the photore-

mei ntaf ped. 4 n Lhe, piesenl Lpwenthonsas desetibed.
ng nedr U g a patte

above,” @ neEgnetTc recobrdi I um havin rned

20 ”agﬁﬁiéfzé@cgﬁ@i$ﬂel?&ﬁ&efédQgéﬁﬁgsge@ﬁEhou&f these

deteriorating the el ectronagneti c conversion
char acd glié S £5acét SRavé NBaGhdt £oR- Bagednphohgetibreis
| ayer can be formed by using an apparatus for formng
the maghetten 25 tlecosdii@gshayetesp. ghe 8rsput WeBitRgbecomes
apparatus, nerely by appropriately changing the
targetlaxgadi thamsthansctthe tr&kek Whidshpburatesothéng
need for any special apparatus, equipnent, and the
| i ke. M@gneibiatorn bedemes| ugohabieetoprateet hoése.
| ayer can al so be forned subsequentlg to the .
t gygppt¢ﬁp§d magnetic

i ncreases the , . .
recording layer used in the present invention are

rendered nonmagnetic. Therefore, the track width does
not increase, and no noise is produced. On the other

hand, the silicon-based protective layer protects

15 the upper surface, and functions as a stopper against

oxygen plasma etching. Accordingly, this upper
surface does not oxidize, and good magnetism is
maintained. 1In the present invention as described

above, a magnetic recording medium having a patterned

20 magnetic recording layer is obtained without

deteriorating the electromagnetic conversion
characteristics.
Also, the silicon-based protective layer can be

formed by using an apparatus for forming the magnetic

25 recording layer, e.g., a sputtering apparatus, merely

by appropriately changing the target, conditions, and

the like. This obviates the need for any special
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5 mass-productivity. In the present invention as
descri bed above, a nmagnetic recordi ng nedium having a
patterned magnetic recording layer is readily

obtai ned at | ow cost w thout deteriorating the

el ectromagneti c conversion characteristics. 10 To
reduce the magnetic spacing, the thickness of the
silicon-based protective layer i &€ desirably as smal
as possible. However, to function as an etching
stopper, this S|I|con based protective |layer is

cont i ARRAE F4Usm 9B RS i ARG paee bike he Bmeééﬁ@twn/
i nventi on. The silicon-based protective |ayer has a

thl ckriidss il ILqryhasegd 9?01%?1%“:%‘1’1? ckPERE F4n| @s&0than
fil d d
often un%{ %éﬁqgéf%f?i g%ﬁ %%%Qgﬁ{?an gtgg?lon
film tshing. stopper, 11, 4he tﬂfgnfﬁérgégggdw‘?héo
“The Hagrey

15 A Size 0 I'C spacl hg | NCreases,

t he el Lopver [ e
5degragﬁﬁ;A car bon- %ased pr%#gg?écﬁf?gﬁgﬁ %ékgﬁtggh QS

addi tiscaldey fA5dmRs, of hdgnsonetésor 80k 4hadi LAYREving
surface 25 and silicon-based protective | ayer

sur f ace.pattisricad hedyhesesl psodegihyelbayerigsanehaily
formed by, e.g., sputtering or plasma CVD after the
phot oreEsisinad ) Yanowvesit byl oxygendet asharpt bngsshag.
In a certain aspect of the present invention, the

car borelestetbnaanati¢ veoheges i dmscharactknessiof.5 to

20 A. If the thickness is less than 5 A, no uniform
To reduce the magnetic spacing, the thickness of

the silicon-based protective layer is desirably as
small as possible. However, to function as an etching
stopper, this silicon-based protective layer is a

continuous film in a certain aspect of the present

15 invention. The silicon-based protective layer has a

thickness of 5 to 15 A. If the thickness is less than
5 A, no uniform film is easily obtained, and this
often deteriorates the effect of the anti-oxidation

film or etching stopper. If the thickness exceeds

20 15 A, the size of the magnetic spacing increases, and

the electromagnetic conversion characteristics often
degrade.
A carbon-based protective layer can be addition-

ally formed on the magnetic recording layer surface

25 and silicon-based protective layer surface. This

carbon-based protective layer can be formed by, e.g.,

sputtering or plasma CVD after the photoresist is



5 filmis easily obtained, and this often:
deteriorates the corrosion resistance and durability.
If the thickness exceeds 20 A the size of the
magneti ¢ spacing increases, and the el ectronmagnetic
conversion characteristics often degrade. 10 Exanples
of a silicon-based material used in the silicon-based
protective |ayer are anorphous #aPtrogen-doped silicon
and anor phous silicon. In one aspect of the present

i nvention, anorphous nitrogen-doped silicon can be
used. W¥ROYEANRY phroyigen sphi shagenodepedngilicon is
used, a thin high-density filmcan be formed, which

i ncreases the 2oFPBERSBA aFE§P§taﬁcéheTﬁéeﬁﬁéﬁoﬂ@§ﬁ§¢l°nr the
pattern can

phot ol 4igh ot et dat ke L axSEhas 5 Qotbéehﬁﬁaae.of 5 to
| f.t i t

o 'ecn:hﬁf PESL Shi 5B Mhes T R AR 878, ' B8 uniforn
§echn|gy é%glﬁgvggﬁggﬁe&ha%n8a£ﬁﬁgnb@gencégtg?lorates

perforne Mﬁth accurac

mass- pm@ugéfyaagyon Bésﬂégmcéognal ghkasﬁ%tgea%&f\/%
ion etching ( E) can be used ry etc

non”agﬁﬁiéﬁn§§§3é£@é@dslQolﬁ p@ﬁé'@h@et@f thd mHSBetic
e.g., an N P-plated alunlnunmsubstrate gl ass

substra@@clm@dlﬁctea@@ss|@ghetnéyslabtsuhaghatec B3n&ersion
magnetic recordi ng nmethod, the |ongitudinal magnetic
r ecor démgr aet éioils ands pef penddegkademagneti c
10 Examples of a silicon-based material used in
the silicon-based protective layer are amorphous
nitrogen~doped silicon and amorphous silicon. 1In
one aspect of the present invention, amorphous
nitrogen-doped silicon can be used. When amorphous
15 nitrogen-doped silicon is used, a thin high-density
film can be formed, which increases the corrosion
resistance.
The photoresist pattern can be formed by using,
e.g., the photolithography technique or in-print
20 technique. 1In a certain aspect of the present
invention, the in-print technique can be used. The
in-print technique has the advantage that patterning
can be performed with high accuracy and high
mass-productivity.
25 Also, ion milling or reactive ion etching (RIE)

can be used as dry etching.

As the nonmagnetic substrate, it is possible to



5 recordi ng nmethod can be used. As a | ongitudina
magnetic recording layer, it is possible to use, e.g.,
a CoCr alloy, CoCrPtTa alloy, or CoCrTaPtB alloy. As a
per pendi cul ar magnetic recording layer, it is

possible to use, e.g., a CoCrPt-based alloy or 10
CoPt Cr O based all oy. An undercoating can al so be
formed between the magnetic recéfding |ayer and
nonmagneti ¢ substrate. This undercoating can be
appropriately selected in accordance with the
mat er i¥e, desd reBe it Bepbated abumipym ghlstheteikglass
of the magnetic recording layer. _As the undercoating,

it s PRSHHRES oaregesﬂel@on @ngl@fwy@t% SNpptrate.

Ni Al, and JiC. Wen, t ndi cul an

recor di ng 1 b PEe b aar GO BT fonisRboRe Baekipg o tudinal
oy wedi i ionrasen 8 i bne e i o Rar R At R R onet 1

E?ecorcgégbf&@ﬁﬁ mg%ﬁ%d céﬁ BepQQEH?L|§ eéphBﬂEQtudLnal

per specti ve ew show ng an exa

recor dhdiet 1 €PFOSHEL L G @Q?éfat us 9f %Bgs@b%e% use, e.g.,
invention. 25 Arigid nmagnetic disk 121 for recording

| nf or rat@ T agThé @) NgotoPthe PLESENt oknEEUETAPtRSalloy.
fitted on a spindle 122 and rotated at a predeterm ned
- 12 aotatpensdéndpeetlabymagsethdl eeoptrdingnatyelowdk. is
A slider 123 nmounting a recording head for accessing
the nmneghethledickud@l ¢ogrecardoCnPorbatkednadndyarrVR
head for reproducing information is attached to the
1Qj st al|CoPtCrO-based alloy.
An undercoating can also be formed between the
magnetic recording layer and nonmagnetic substrate.
This undercoating can be appropriately selected
in accordance with the material, desired characteris-
15 tics, and the like of the magnetic recording layer.
As the undercoating, it is possible to use, e.g., Cr,
CrW, CrMo, NiP, NiAl, and TiCr.
When the perpendicular magnetic recording method
is used, a soft magnetic backing layer, e.g., NiFe,
20 CoZrNb, or CoFe, can be formed between the nonmagnetic
substrate and magnetic recording layer.
FIG. 2 is a partially exploded perspective
view showing an example of the magnetic recording/
reproduction apparatus of the present invention.
25 A rigid magnetic disk 121 for recording

information according to the present invention is

fitted on a spindle 122 and rotated at a predetermined



5 end of a suspension 124 which is a thin: |eaf

spring. This suspension 124 is connected to one end

of an arm 125 having, e.g., a bobbin which holds a
driving coil (not shown). A voice coil nmotor 126 as a
kind of a linear 10 notor is attached to the other

end of the arm 125. This voice coil notor 126

i ncludes the driving coil (not dBowt) wound around

t he bobbin of the arm 125, and a magnetic circuit

havi ng a pernmanent magnet and counter yoke opposing

each offfeatiwnalteeceddi byng epindlis sandwi dhed sbpwsén A
them The arm 125 is held by ball bearings %not shown)
forned51hﬂ%9012%p%%vnéhag|6mé¢caéﬁﬂnan§ea# OFlﬁéﬁeSSlng the

shaft 127, and ot by the voi.ce coil noto
That | TEoRRE Bl ERohebr LonESeP et na5maby bnatdoan MR head

dj sk 121 lLed by.th
ﬁﬁ?gft %7 ¥er%%%§gc°ﬁ%§§wa 6% kb rRer 5 fanapesnegdistal

&”PPdé ?8% %%ﬁ/?gg ﬁﬁiﬁbnégné' 1%”&%a9espr1ng

descrl ed in de are Vi ews

for eXpAfgns@gpéﬁgloﬂafyaaEEUEbHQeeEeaeﬁa 8he! B4 of an arm
magnetic recordi ng nmedium according to the present

i nvention. hdBindRef €I 41 NJat BobbES: wBikR KollBea driving coil
patterned magnetic recording |ayer side surfaces are

il lustededsmotnps tapered surfaces but as surfaces
per pendi cul ar to the nonmagnetic substrate for the
sake of conkempioeecoil motor 126 as a kind of a linear
10 motor is attached to the other end of the arm 125.
This voice coil motor 126 includes the driving coil
{not shown) wound around the bobbin of the arm 125,
and a magnetic circuit having a permanent magnet and
counter yoke opposing each other with the driving coil
15 sandwiched between them.
| The arm 125 is held by ball bearings (not shown)
formed in two, upper and lower portions of a fixed
shaft 127, and pivoted by the voice coil motor 126.
That is, the position of the slider 123 on the
20 magnetic disk 121 is controlled by the voice coil
motor 126. Reference numeral-128 in FIG. 2 denotes
a lid.
An embodiment of the present invention will be
described in detail below.
25 FIGS. 3 to 7 are views for explaining the

manufacturing process of the magnetic recording medium

according to the present invention.



5 First, as showmm in FIG 3, a glass substrate 65 mm

in dianeter was used as a nonmagnetic substrate 1,

and a 100-nmthick CoZrNo soft magnetic under |ayer 6

and 25-nmthick CoCrPt perpendicul ar magnetic

recording |layer 2 were fornmed by using DC magnetron 10
sputtering at an Ar gas pressure of 2 nmflorr, an input
power of 300 W and a substrate #énperature of 230C.

On the surface of the CoCrPt perpendicul ar magnetic
recording layer 2, a 2-nmthick anorphous silicon

| ayer 3 wasReberedéngntanFar§eon3anbi ént thy pettegned magnetic
magnetron sputtering at an argon gas pressure of 5

mrorr %ﬁﬁp%ﬁﬂ¢%p%%y%6m%¥d%fSQBéaV@STﬁéeah%FBﬁéﬁéted not as

S Lol BIEE PSSR i 2Bl LS L0y <o e
FI G ' L ist. 20 ti | 1
LS R AR LT BOOLPLOPL B! 20 SERLI RO LAl e once.

gormng a dpsiLed 990%96@? sh pagtern 4. . ALLer Ahat.aie
t he pno attg Wwas use

as shown in FIG 5, toresist p rn

as a ngskmh Oif CADYRe HOPCGESSAEYY RO LI ABAMAENERSc substrate
magneti c recording |ayer, thereby 25 obtaining a

pat t ernegdamagael 0 C-fieCcOK deRICLAYRE 2ofASmsSBAMAicNuRbEr layer
6, the resist was renoved by wusing an oxygen pl asma.

More spexndiZathy, thhekresCspt lgerpasdl enbuedmbhynesiing
an reactive ion etching (RIE) apparatus at an oxygen
flow reeecnding baver 3 veral fopmedshyeuefing0DATmRGnetron
and an i nput RF power of 100 W The end point of the
1Q&t chi nigPwbse bR @ cdedabyrEngasi pressure of 2 mmTorr, an input

power of 300 W, and a substrate temperature of 230°C.
On the surface of the CoCrPt perpendicular
magnetic recording layer 2, a 2-nm thick amorphous
silicon layer 3 was formed in an argon ambient by DC
15 magnetron sputtering at an argon gas pressure of
.5 mTorr and an input power of 250 W.
The amorphous silicon layer 3 was coated with é
photoresist to obtain a photoresist coating layer 7.
As shown in FIG. 4, the obtained photoresist
20 coating layer 7 was exposed and developed by using a
mask, thereby forming a desired photoresist pattern 4.
After that, as shown in FIG. 5, the photoresist
pattern 4 was used as a mask to remove unnecessary
portions of the magnetic recording layer, thereby
25 obtaining a patterned magnetic recording layer 2.
As shown in FIG. 6, the resist was removed by

using an oxygen plasma. More specifically, the resist



5 anal ysis by using an end point nonitor. 10 Since the
silicon |ayer 3 was not renoved by the oxygen plasm
processing, it functioned ;:as an ashing stop |ayer

and al so prevented oxidation of the surface of the
magneti c recording |ayer. Subsequently, as shown in

FIG 7, a 2-nmthick anorphous hydrogen-added carbon

| ayer 5 was fornmed by plasnma-Cvb4by-usi ng met hane gas
as a source gas at an RF power of 200 W a bias

vol tage of -100 V, and a source gas pressure of 2
mTor r .walb femedeld thynusan@- am radckivebipvatinhihgydRIE)
(not shown) nmade of a fluorine-based |iquid |ubricant
was IR BhS tHe 2arddvideayeton bytdi pfcélt sAgm anadtotal
anneal i ng was perfornmed at 100C for 30 mn.

T
var ni ST WeS Pbrd OrReer bf t @79t ARt 1PEHE BFnﬁgﬂgFiefZGOO w.
di sk di bt ai ped th h [ ti o,
When (HE® SRS TRMRGNRT| £7e COVRrah ol EhaPEEEGRS: b guission
f th ' ' i sk ! hecked,

er o HanEa S reet Y o Beftar BohR YRBEEoRer o
non-pattern gngggﬂﬁé'Ei[?EBEdiggFgeg'%gkmﬁﬁg é%goved by the

obt ai ned. The nedi um noi se was SO neasure

found 4:0,den | Ve sthd) pREcEBBLAGCt UET BAn8teBReAl akh8n ashing
magnetic 15 recording nmedi umaccording to the present

i nventdtgp laxétainh®nadDiot peetiBgtetli 6xhda¥€hion of the surface
surface-can be prevented. Therefore, the quality of
recor dihgthe magnetic recording layer.

10 Subsequently, as shown in FIG. 7, a 2-nm thick
amorphous hydrogen-added carbon layer 5 was formed by
plasma CVD by using methane gas as a source gas at an
RF power of 200 W, a bias voltage of -100 V, and a
source gas pressure of 2 mTorr.

15 In addition, a 2-nm thick lubricating layer (not
shown) made of a fluorine-based ligquid lubricant was
formed on the carbon layer 5 by dip coating, and
annealing was performed at 100°C for 30 min. Tape
varnishing was performed after that, and a magnetic

20 disk medium was obtained through an inspection step.

When the electromagnetic conversion character-
istics of the obtained magnetic disk medium were
checked, performances and results better than those
of a non-patterned magnetic recording medium were

25 obtained. The medium noise was also measured and
found to be low.

In the manufacturing steps of the magnetic



signal s does not deteriorate. Al so, the mass- 5
productivity does not deteriorate because the
silicon-based protective | ayer can be forned
subsequently to the formati on of the magnetic
recording |ayer. Wien the present invention is used.
as described 10 above, a magnetic recording | ayer of
a magnetic recording medi um canlbe easily patterned
wi thout deteriorating the electromagnetic conversion
characteristics of the layer. By the use of this
magnet TeCPeebreli Aed kel anforAenef bPethroprasess, ingention,
hi gh-recordi ng-density recordi ng/reproduction can be
perfor%%&§a?@%?t?BnEPeaﬁ%ﬁﬁ?%b%sléﬁﬁrnﬁHFﬁﬁéétFéﬁsbe

AN di | h i1led i h t. .,
Ther erBa - ERE | nUBREPEACEn TS BROANBY Hepeereridng
er efor t n dader d
ot esnT et e GOy ren £ e RBALC and haRe r FhEgn255-

dier ei N, HGCOE B 1Y ydo¥§‘rﬁBHSd%te@9E££8a558Q§S@¥h e
e sp pe 0

made wi t hout departing fromt rrit and sco

the geselpbohEHLEVEr6086€P e asaydel LRRULRY rbRReg
appended clains and their equivalents. 16 WHAT IS

CLAI MERupbSeqdendl yagnethe reenading SedtHE RARRELSEN:
a nonmagnetic substrate; a magnetic recording | ayer
f or redrecotdiend hapemgneti ¢ substrate and patterned
into a track shape
When the present invention is used as described
10 above, a magnetic recording layer of a magnetic
recording medium can be easily patterned without
deteriorating the electromagnetic conversion
characteristics of the layer. By the use of this
magnetic recording medium, therefore, low-noise,
15 high-recording-density recording/reproduction can be
performed.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

20 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit and scope of the general inventive concept as

defined by the appended claims and their equivalents.



or dot shape; and a silicon-based protective |ayer
formed on at |east a surface of the magnetic
recording layer, which 1is opposite to the nonmagnetic
substrate. 10 2. A nmedium according to claim1,
wherein the silicon-based protective |ayer has a
thickness of 5 to 15 A 3. A nedium according to
claim1,. .wherein the silicon-B&sed protective | ayer
is essentially nmade of 15 anorphous nitrogen-doped
silicon. 4. A mediumaccording to claim1, further
conpri sing a car bon- basé¥ip¥ ot ect+HEMERYEF: formed on a

surface of the pagnetic recordin& | ayer .and a surface
&

of the siliton-HaladnNfFdtetereed

according to claim

ﬁeP?dQQHSPQQHﬁ%ﬁ#ﬂﬁ‘
t he carbon-based

4 . .wherein
protective ?a?ngﬁggégithEEﬁg§§t8f 5to 20 A 6. A
o ongneti ¢ FonguBgLiEnEaeNe g, AR R i

Subst ral Gna dnORORELI S £ £5PEALAY Egg@érggﬁnggFgggLQ%ack shape

nonmagneti ¢ substrate and patter

Into a

shape or @lot shape; and a silicon-based - 17 _

protective |ayer forned on at |east a surface of the
magneti c resosdlhgohapesednbireliecs i@RPASIVER FO iR on at
nonmagneti ¢ substrate, and a recordi ng/reproduction

head. least a surface of the magnetic recording layer, which

10

15

20

25

is opposite to the nonmagnetic substrate.

2. A medium according to claim 1, wherein tﬁe
silicon-based protective layer has a thickness of 5
to 15 A.

3. A medium according to claim 1, wherein the
silicon~-based protective layer is essentially made of
amorphous nitrogen-doped silicon.

4. A medium according to claim 1, further
comprising a carbon-based protective layer formed on a
surface of the magnetic recording layer and a surface
of the silicon-based protective layer.

5. A medium according to claim 4, wherein the
carbon-based protective layer has a thickness of 5
to 20 A.

6. A magnetic recording/reproduction apparatus
comprising a magnetic recording medium including a
nonmagnetic substrate, a magnetic recording layer
formed on the nonmagnetic substrate and patterned into

a track shape or dot shape, and a silicon-based



5 7. An apparatus according to claim®6, wherein the
silicon-based protective |ayer has a thickness of 5

to 15 A. 8. An apparatus according to claim®6, wherein

the silicon-based protective layer is essentially nade

10 of anorphous nitrogen-doped silicon. 9. An

apparatus according to claim6, further conprising a

car bon- based protective |ayer forifedon a surface of

the magnetic recording |l ayer and a surface of the
silicon-based protective layer. 15 10. An apparatus

accor dPhgteetevai hipgerwherapd onhatcaeben- basedface of the

protective |ayer has a:thickness of 5 to 20 A, 11. A
nagnetm%g?%Eb¥d?ﬁ§Oﬁ€aPanﬁﬁﬁﬁﬁfaUP&FPn@S REPRSd te to the

conprising: 20 sequenti al form ng a magneti.c ,
record?%@g?%§%Flcaﬁ8 §%FF%§h-BQgLB 5?89§%9P94rﬁgﬁgdW9#lon
a nonnpgnetic substrate, formng a photoresist on the
siIicon-%aéed' protective |ayer; patterning the

Pphot or esi st 7by ﬁnpggbgkhkngg5%%@¥di%%dk%c%ﬁ%qﬂgEibggfrein

forma photoresist pattern, corresponding to a t'r

shape ©fe dot1sbaRehabaft pabt¥ceeyrViAYet-NgBBgNe G kness of
recording layer - 18 and silicon-baséd protective

| ayer bytdrysehbching by using the photoresist pattern
as a mask; and renoving the photoresist pattern by
usi ng oxygefi. phasapppratessiengortiegely pattier M, NnGgherein
t he magnetic

the silicon-based protective layer is essentially made
10 of amorphous nitrogen-doped silicon. |

9. An apparatus according to claim 6, further
comprising a carbon-based protective layer formed on a
surface of the magnetic recording layer and a surface
of the silicon-based protective layer.
15 10. An apparatus according to claim 9, wherein
the carbon-based protective layer has a thickness of 5
to 20 A.

11. A magnetic recording medium manufacturing
method comprising:
20 sequentially forming a magnetic recording layer
and silicon-based protective layer on a nonmagnetic
substrate, forming a photoresist on the silicon—baséd
protective layer;

patterning the photoresist by a photolithography
25 technique to form a photoresist pattern corresponding

to a track shape or dot shape;

partially removing the magnetic recording layer



5 recording |layer and the silicon-based protective
layer into a track shape or dot shape. 12. A nethod
according to claim11l, wherein the silicon-based
protective |layer has a thickness of 5 to 15 A 10 13.
A nmet hod according to claim11l, wherein the
silicon-based protective layer is essentially nmade of
anor phous ni trogen-doped siliconl84.- A nethod
according to claim11, further conprising a
carbon-based protective layer formed on a 15 surface
of thea%%gﬁé%F@OFeEéﬁﬁﬁngrpé?étlaﬁdlaygmrbacdrgfe&h@ing by
silicon-pased protective layer. 15. A nethod according
to cl atit1%, threPRPROFRB8ISEaPBEReEASEE pr bREKY| ward

' of to 20 A
layer has aréHé%%HSS%he photoresist pattern by using oxygen

plasma processing, thereby patterning the magnetic
5 recording layer and the silicon-based protective layer
into a track shape or dot shape.
| 12. A method according to claim 11, wherein the
silicon-based protective layer has a thickness of 5
to 15 A.
10 13. A method according to claim 11, wherein the
silicon-based protective layer is essentially made of
amorphous nitrogen-doped silicon.

14. A method according to claim 11, further
comprising a carbon-based protective layer formed on a
15 surface of the magnetic recording layer and a surface
of the silicon—based protective layer.

15. A method according to claim 14, wherein the
carbon-based protective layer has a thickness of 5

to 20 A.



