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MAGNETI C RECORDI NG MEDI A, SUBSTRATE FOR MAGNETI C
RECORDI NG MEDI A, AND MAGNETI C RECORDI NG APPARATUS
BACKGROUND OF THE | NVENTI ON 5 The present invent i ommuu"mm"
relates to a magnetic recording nedia having disc
tracks, a substrate used to manufacture the nagnetic *159159*
recording nmedia, and a nagnetic recording apparatus
conprising the magnetic recording-nedia. 10 Wth
increase in the track density of hard di sk drlvesmmmmmmmmmmwm
(HDDs), interference between adjacent trac X )
becone nore and nor e TIEH EatTHE ﬂNVEMﬁﬁQNcular, an 900002
i mportant technical og ective is to reduce wite
fri n@h%@lEEéL@sé@CWDtIﬁ] Mﬂﬂi@e SUBSERAGE & OFs Mbsdridtlicc
field fromthe wite %ﬁ g§ t
pat t SERGROreh M A e ey S s i PHkRaTos
separ at ed recordln%AﬁkeggéygaaFr§ch§N@ ﬁbggNerase
phenonenon during a Wi e read
phenomenonrdurj g Hat qr{v%dal% PR s o @5@9@1&&9
20 greatly inCrease density in the cross-track
di r egllc@rdi nfhenedii SC MRk iy 2Bk drigie patiars)ed st rate
thus expected to provide a magnetic recordi ng nedi a
t hat usean trealainZe altitghredems s gnecdrdinegortiegDiiRdia, and
media is roughly classified into a

a magnetic recording apparatus comprising the magnetic

recording media.

With an increase in the track density of hard
disk drives (HDDs), interference between adjacent
tracks has become more and more problematic. In
particular, an important technical objective is to
reduce write fringing caused by the fringe effect of a
magnetic field from the write head. A discrete track
type patterned media (a DTR media) with physically
separated recording tracks can reduce a side erase
phenomenon during data writing and a side read
phenomenon during data reading, making it possible to
greatly increase density in the cross-track direction.
The discrete track type patterned media is thus
expected to provide a magnetic recording media that
can realize high-density recording.

The DTR media is roughly classified into a
magnetic film etching type and a substrate etching

type. The magnetic film etching type DTR media

involves a large number of manufacturing steps and is
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25 magnetic filmetching type and a substrate etching
type. The magnetic filmetching type DIR nedi a

i nvol ves a | arge nunmber of manufacturing steps and is
expected to increase costs. In contrast, the

substrate etching type DIR nedia, which is

manuf actured by first form ng protrusions and recesses
in the substrate and then depos£ting a magnetic film5
on the substrate by sputtering, is suitable for mass
production. However, because the magnetic filmis also
pres@m@&cﬁeﬁbdésg@§ﬁeﬁS@h§0§@§strémeC@m@ﬁa@§/t¢@§ DTR
nmedi a, the signal-to-noise ratio nmay di sadvant ageously

10 b&UWRSG é‘&@d e&&@%ﬂ@ M@%HT@ §ﬁe§ﬁ§1's thrl&*h tlﬁe

K
pr ot TevAS T Rg Pocdasas ﬁogme&gﬂ&%ﬁus i 408 ogeees
substfatee AhJdh Y Chp HRINGIG I & deRARied £11m

on t he pr ot rusions and recesses ubstrate (

Pat enf, t:l‘l% NQrb 521402, %@&sput‘%etrIl%gHDQsm-'T‘s‘ij,ﬂJ.Q:aab‘i%t FA Ghass

recorded to the magnetic film on t'he protrusi ons

| ocatedtl@sen.to the head. The magnetic filmon the
recesses is located away fromthe head and is thus

not subj ecdieekvdy regreetdec trrec ovadjeg. i cThe Imagirseta s o
filmon the 20 recesses al so provides | ow read

si gnalreseTie MDD eqnsdies 19 ithce mads tr@ tsuscdsna kgpe DTR
recording interference between adjacent tracks.

Howewedian the \gignapattennaise 53402 7y, dtlt@%’lrng'-égeously
depth of the  recesses in the surface of

maked$S tde%a(ﬂerqc IR % GG 17 e adfetcc?sses'

fly Stablﬁ;HDD media has been known in which protrusions
and recesses are formed on a surface of a substrate
and in which a magnetic film is deposited on the
protrusions and recesses substrate (see U.S. Patent
No. 5,402,278). 1In the HDD media, data are recorded
to the magnetic film on the protrusions located close
to the head. The magnetic film on the recesses is
located away from the head and is thus not subjected
to magnetic recording. The magnetic film on the.
recesses also provides low read signals. The HDD
media is intended to suppress the recording
interference between adjacent tracks. However, with
U.S. Patent No. 5,402,278, the large depth of the
recesses in the surface of the media makes it
difficult to allow the read/write head to fly stably
over the media having the protrusions and recesses.

On the other hand, a method has been proposed in
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over the nedia having the protrusions and recesses.

On the other hand, a nethod has been proposed in which

a magnetic multilayer filmis deposited on a flat
substrate surface and the magnetic multilayer filmin
the regions between tracks is irradiated with ion

beans for destroying the structure (see U S. 5 Patent

No. 6,331,364). This nethod degBades the nmmagnetic

recordi ng characteristics of the magnetic nmateri al

bet ween the tracks, which is not subjected to

magnehiichr ec owdingg i cThe Lrdgdreticc fidierdisaldeaponidss ©Ofe 2
tracks al so provides weak read signals. This t had 10

i s i Alafdedbrs radspsedd 3cfe aNe G AG IS dlerrde 2Yer
bet ween the adj acent, tracks. However, U.S. .Patent s
6, 33F 1364 18s ! ir§|g|lmse%ﬁ‘°’%e§f&“ﬁé G- bléarhrradqate'go with
i rradiation praocess, after . iti the magn

f 1 m-ores iaH‘SS £8h idge%'éctr%élolglgg s S%gﬁ%télcrlt%ur(i ng s

15 ”%%k%ntB§IEF6$§MNA 6 AQF ThiR 3 ISNVENHAN A Jragnel ithe
recording media according to an aspect of ‘the present

| NVeRLIgRR tGAMRIHTRSi ngy THRSTIAle ikaVidig off @t Giaghetic
tracks "and separating regi ons separating the 20

I eCorditRg itnatks weldme theparmatdktyy mégiconsi shandtngubjected to
patterns of protrusions and recesses forned therein;

and aageedrnd mgdoiddhngepodineedhagmetie suisigtle between the
wherein a difference in height between a top of the

r ecortdiasdst Pd@e RFPVa Iedp 6K K& Sk srdld iy r &giich Tethed
25 2 nmor nore and 7 nmor l|less, and dj f.f rence in

hei ght® Bé‘tt\ﬁéé{?dt HE SR T e e dSidi iy 15 adk Snd 2 *=°

between the adjacent tracks. However, U.S. Patent
No. 6,331,364 essentially requires the ion-beam
irradiation process after deposition of the magnetic
film, leading to higher costs for manufacturing the
media.
BRIEF SUMMARY OF THE INVENTION

A magnetic recording media according to an aspect
of the present invention comprises: a substrate having
recording tracks and separating regions separating the
recording tracks, the separating regions having
patterns of protrusions and recesses formed therein;
and a recording film deposited on the substrate,
wherein a difference in height between a top of the
recording track and a top of the separating region is
2 nm or more and 7 nm or less, and a difference in
height between the top of the recording track and a

bottom of the separating region is 10 nm or more.
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bottom of the separating region is 10 nmor nore.

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
FIG 1 is a sectional view of a magnetic recording
medi a according to an enbodi nent of the present
invention; 5 FIG 2 is a perspective view show ng an
exanple of the surface structure of the magnetic
recording nedia according to ah enbodi ment of the
present invention; FIG 3 is a sectional view of a
magneti c 10 recordi ng nedi a according to anot her
enboBREDE DESCREPT pokesent THRVER(ERA: FIEYS 40F sSTRE DRAWING
perspective view show ng anot her = exanpl e of the
surface sEEGet drésSof ERELARGASt VdeVr @oPdMRGFEdiCa
according to an enbodi nent,  of %he 15 present . ¢ the
i nveREFBASIRAIMEPE? 58 S 1B8r 55e8li VB O &R6F ]

magnet i e ' pparatus according to an
enbogfﬁ%ﬁ Eogg&gé@qﬁﬁésent i nventi on. DETAI LED

DESCRI PTI @NOF ;THE [,NWENTLON+ 12@ A 1RRIRSIWG nigeeer @ixaghple
medi a according to an enbodi nent of the present

I nvepti @Rehas raadicarkrectofe 65 fAeandgaetriackepiotraing
of 200 nm However, the effects of the present

i nvepkdaa arceomatinki ot @ed eoootihecmediod specipfriesatniton.
The magnetic recordi ng nedia 25 according to an
enbodinment.iofhiit he present invention conprises a
substrate having recording tracks and separatin%

regi ons sépgé&ratd i thesEdading ievadE, & F@onets

recording media according to another embodiment of the
present invention;

FIG. 4 is a perspective view showing another
example of the surface structure of the magnetic
recording media according to an embodiment of the
present invention; and

FIG. 5 is a perspective view of a magnetic
recording apparatus according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

A magnetic recording media according to an
embodiment of the present invention has a diameter of
65 mm and a track pitch of 200 nm. However, the
effects of the present invention are not limited to
the media specification. The magnetic recording media
according to an embodiment of the present invention
comprises a substrate having recording tracks and

separating regions separating the recording track, the
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separating regions having patterns of protrusions and
recesses forned therein. The magnetic recordi ng nedi a
further conprises a recording film(a multilayer

i ncluding a soft underlayer and a perpendicular 5
magneti c recording | ayer) deposited on the substrate.
The recording fil mdeposited on the flat recording
tracks exhibits preferable réco?diﬁg/reproducing
characteristics. On the other hand, the recording

filmdeposited on the separating region etme n the 10
recoﬁépﬁgaﬁﬂQ@k§egﬂﬁ“®hP@Wlpﬁep%éﬁ@%Pﬁs % pﬁP PE&P&ﬁsand
and recesses are forned, has di turbed

or i eRERESSRS SPHRE FEESEd g F N mﬁﬁ&e%ﬁﬁsr&egngSE media
ippitian ol Al SO L R T

G- 5ChRe “difffer ence |ght et we

the top;Qfy;t ge e diy %e&ﬁ%@%ra%%dt%ep%Q®éwaﬂaﬁiar

separating region and for thé difference in height

bet weeRnthe & op Rfrdihg negendi Rgddsdckdant tthe botdsamate.
of the separating region. This prevents nagnetic

si gnahs -lecamdihe rfades sepdsiamddegr ddiend lielte rsiqpraling
20 to-noise ratio. In addition, this inproves the

f1yi ngacksaradtisritst inrs fofraie resdmading rrwdtmmg 1
is a sectional view of a nmagnetic recordlng nmedi

accorcdiang ate T téftsodi Mntt et AHer freasentt hen\F&ﬁqréirrng
As shomn in FIG. 1, a substrate 1 25 has rec%é}%%%g the

t r acks 1T demPSIdipat A iS SHEGTE Y29 S&FAL

0O ADG LS Moo Pol SISOl PSS # ot rusons
and recesses are formed, has disturbed crystal
orientations of the recording film and thus degraded
read/write characteristics. Further, appropriate
values are set for the difference in height between
the top of the recording track and the top of the
separating region and for the difference in height
between the top of the recording track and the bottom
of the separating region. This prevents magnetic
signals from the recesses from degrading the signal-
to-noise ratio. In addition, this improves the flying
characteristics of the read/write head.

FIG. 1 is a sectional view of a magnetic
recording media according to an embodiment of the
present invention. As shown in FIG. 1, a substrate 1
has recording tracks 11 and separating regions 12
separating the recording tracks 11. Patterns of

protrusions and recesses are formed in the separating
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regions 12. Arecording filmis deposited on the
substrate 1; the recording filmhas a nultilayer
structure including a soft underlayer 2 and a

per pendi cul ar magnetic recording |ayer 3. The 5
recording filmhas an orientation control |ayer and a
protective layer in addition to the soft underl ayer 2
and perpendi cul ar magnetic reco?ding layer 3. In the
magneti c recordi ng nmedia according to the enbodi nent
of the present invention, the height of top 10 of the
recordghgnkayér obf rRecrdéBedihg™ racRePsSdéRct 88 Bye
a, the height of top of the recardin

, | ayer f. .the
sepafabPphgaE8glonths 6@ﬁ8F96nBny,maﬂastﬁemuﬁgﬁéﬁyegf
bottom of the r I, I f t.h '
ogi SRSt tBRot BBy TS Thafecr HetPE 1 g PRaroriE ra. by
i n hei ght t Ot o i L JiRg st cand
e PBaPGP I RETE B Hh S EE o ek ai et eaRa o e

(a'ckebg Relght i Bt waenahhertieptak i ohheonesendilager and a
trac ana thé bottom of the separating region are set

S0 agrhecheel et haykel LowangizQonelat icorskioft 2ngmr-lalyer 2
(a-b) :-TEL 7 nm and 10 nm:-S~ (a-c) Simlarly, in

t he subspeabendtikelhei ghynef icopechrdimg rleyerdidng

track is denoted by d, the height of top of the

separ at i ng nr égicomaos eddfotred B lag g ighe B IeEinghtto the
of bottom of the separating region is de

noted hy f.
Then ePRE LaRNe PENEES( BXEF ST &Wﬁﬂ?%ﬁ&ﬂ&i RSPt toP
of % LacoLding Arack 2nd Lo a8 RERYAL
denoted by a, the height of top of the recording layer
of the separating region is denoted by b, and the
height of bottom of the recording layer of the
separating region is denoted by c. Then, the
difference (a-b) in height between the top of the
recording track and the top of the separating region
and the difference (a-c) in height between the top of
the recording track and the bottom of the separating
region are set so as to meet the following
relationship:
2 nm = (a-b) = 7 nm, and 10 nm = (a-c).
Similarly, in the substrate, the height of top of
the recording track is denoted by d, the height of top
of the separating region is denoted by e, and the
height of bottom of the separating region is denoted

by £. Then, the difference (d-e) in height between

the top of the recording track and the top of the
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between the top of the recording track and the bottom

of the separating region are set so as to neet the
following relationship: 52 nm< (d-e) <7 nm and 10
nm (d-f) Each of the differences (a-c) and (d-f) in

hei ght between the top of the recording track and the
top of the separating region is preferably |ess than

30 nm The heights of each portfion can be deternined
by, for 10 exanple, using an atom c force m croscope
(AFM to observe a cross section of the magnetl c
recosgpagatiadi aegkq and shg péfspeenicee (Féw éﬁoﬂeﬁﬁht

an exanple of the surface structure of the gn
r ecoP@ithgen1 5 heedicr &&céP@ 1§ O RS él’ﬂ%&fi nﬁt tgl? %’ﬁétom

pr esent |nvent| on_shown in FIG 1.

th
bat t 6nS o1 Seﬁﬁ&?rd&%ﬁ@&ﬁ& FEge 558 SPnoehg® MeR the

separs at| giJ rMspliinear patterns extending
al ong lﬁgg'rlél or%riatqtor SCK 11, 20 The groove structure

in the sepangtifg keghorx Myny bexf@ripdyef<a @-unal ity
of grooves as shovvn in FIG 2 or a single groove as

shown in HaGh 3 lthd he r reparatd ngHegion has-f)hen height
singl e groove structure as shown in FIG 3, the top

of thetsepar atieng aregifon h25 recorespgndsatcd et ther ttop of
of the sidewall shape at an end of the recording

por titdwe isepatiach nangleg ion isupvatfgreétradges, theng 30 nm.
sectional view taken across a |ine per pend| cuI ar

the fingchkelgifs Pt tearlis PO 308t c@st &Fs d&itE Z’sY

in the .
example, using an atomic force microscope (AFM) to

observe a cross section of the magnetic recording
media.

FIG. 2 is a perspective view showing an example
of the surface structure of the magnetic recording
media according to the embodiment of the present
invention.shown in FIG. 1. In FIG. 2, the patterns of
protrusions and recesses in the separating region form
linear patterns extending along the recording
track 11.

The groove structure in the separating region may
be formed of a plurality of grooves as shown in FIG. Z
or a single groove as shown in FIG. 3. If the
separating region has the single groove structure as
shown in FIG. 3, the top of the separating region
corresponds to that part of the sidewall shape at an
end of the recording portion in which angle or

curvature changes, in a sectional view taken across a
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separating region 12 is not limted to the |inear
patterns as shown in FIG 2 but may be dot patterns as
5 shown in FIG 4. The linear or dot patterns of the
separating region 12 are narrower or smaller than the
protruded patterns constituting the recording tracks

11. Accordingly, although the recording film deposited
on the separating region 12 7s Hrone to have 10
rounded top corners, it is sufficient that the

patterns just satisfy the above height conditions Now,
descihiipei prreendipelgicvér &heatwerksd for

manuf acturing a magnet-:c recordtﬁ% nedj a accordin% th
to an enBo& pefted st RE Presens iNVe At it S fiTe 9% * ©
manuf acture net hod .i nvgl.ves a process of .pr ci

st anp&P2ratyPgce§91of 8?0&50?8 l?ﬁ%ed e %%%'fﬁié%r

bstrate havin

Pr ot LUs | 905..20d LREER 9%, Rl 083 A ASROYI Y Rerns as

magn&f’ m" “an fini shiTig “process.” The process of
prOdgﬁgQg_Qns%%Epeﬁ.m”h%ebqin%%rd%échQe%atEﬁﬁrﬁgQﬁf&&e

of producing a stanper is divided into draw ng,
devekepaeat i ngl eelyfiohonm Rge ard roiet M nhalAamsthem the
is coated with a resist, which is set in an
el ecpronrizdan expasuns appatadtus ing wiiec lredeg@fg tracks
master is supported rotatably. \Wiile the master is
bei ng lr.ot &cedr dtinasey ;arddd iaht hd ensdic® rsirdade Whi ch
correspond to recesses are irradiated with the fo have
el ecteRsiEas 08 FHaw SFRAISHSY THE BperatioPi¥e to hav
continued fromthe inner peri,pher &ﬁp.th ter

. ; h
per i PREFYESF tORe SRS lﬁsdﬁ pgt“]yf %eﬂec 8%1“"8% ven of

patterns just satisfy the above height conditions.

Now, description will be given of a method for
manufacturing a magnetic recording media according to
an embodiment of the present invention. The
manufacture method involves a process of producing a
stamper, a process of producing a substrate having
protrusions and recesses, a process of depositing a
magnetic film, and a finishing process.

The process of producing a stamper will be
described. The process of producing a stamper 1is
divided into drawing, development, electroforming, and
finishing.

A master is coated with a resist, which is set in
an electron-beam exposure apparatus in which the
master is supported rotatably. While the master is

being rotated, those areas of the media surface which

correspond to recesses are irradiated with the
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formation of |linear patterns in separating regions of
5 wdth 60 nmas shown in FIG 2; track pitch is set
at 200 nmand the width of a magnetic filmon the
recording track is set at 140 nm In this case, while
the master is being rotated three turns, each
separating region is irradiated with the el ectron beam
10 with a spot dianeter of 25 ntnso that the edges of
spots overlap. The area where spots of el ectron beam
overlap is subjected to larger anount of exposure as a
r esukflect romobebmes coirexpostitesnsThughidevekeopidnn 1s
forms this area into a deep groove (bottom of the 15
sepafabitaguedgifsRY. thke 1ares RRELENSPYL §CoftNEl E8EFEN
beam do not overlag IS subjected to.only one expasur.e
& SRS WA

Thus PeddvBEEENBht 6r RESERI's alPes SFiPs 8 sHalfow® 917en ©F
t f the, ti i on).. ter i e o
0 00Y8 HLAR I SLhe 28Bar ALl ng [egL AL o108 IR $dlidng of

subj t reat uch as 20 devel opment” an

and {5 4fqrged [ htQ anLgsi s, masten, Q@gb?gFEQEhea@ss@& at

protrusions and recesses. The surface o he resi st

mast e ol $TREE ¢aRAUGHIYE o faRd mabhen iel eglirober mhrg i s
performed to deposit a Ni  electroforming film which

i s t heropeehed tabick The sMt-'at23 46l eat.r oflor whig fdalsm, while
peel ed off is polished on the back surface for

fl at téri ngsteeatisebeing aditased ithreet kiugkiwes€achhe

master is then punched to forma 10 disk-1ike stanper

made S6P2KR ARG F§Ip0Ed e iMrRed 2 tiefnar tindhGutdectron beam
di aneters. The stanper has %rotrusion correspo din%

to r@éé@séssﬁﬁttﬁéaﬁ@&@g.Of 5 nm so that the 'edges Of

spots overlap. The area where spots of electron beam
overlap 1s subjected to larger amount of exposure as a
result of two times of exposures. Thus, development
forms this area into a deep groove (bottom of the
separating region). The area where spots of electron
beam do not overlap i1s subjected to only one exposure.
Thus, development forms this area into a shallow
groove (top of the separating region).

The master is subjected to treatments such as
development and RIE and is formed into a resist master
having patterns of protrusions and recesses. The
surface of the resist master is made conductive, and
then electroforming is performed to deposit a Ni
electroforming film, which is then peeled off. The NI
electroforming film peeled off is polished on the back
surface for flattening treatment to adjust film

thickness. The master is then punched to form a
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The difference in height between the region 5
corresponding to the recording track and the region
corresponding to the separating region is adjusted on
the basis of the filmthickness of the resist and R E
conditions. The difference is 30 nm or nore,
preferably about 70 nm This stanper is used to 10

manufacture a discrete track tyye patterned nedia. In
the process of producing a substrate having
protrusi ons and recesses, an inprint apparatus capabl e

of tdamsfdrikengtsore rsingss Sifmiit A3adasl priesetsedingd
transfer the patterns of protrusions and recesses to

i s t RePABDAE G SUTETe WP IEHSEiSnt  ITRENSGPIRNY. "B st ,

the HDD suhstrate is coated with _an inpri r.esi st

bot hPESFFEae5S Fhd "GTROTTaTe 116 Sava ered with TS 2"
stanpers f. a .0 Ihaces &Rdpressed
uni?grﬁlflgﬁe%%gcghﬁﬁrgﬁg'Pﬁa%%tﬁgepfansfer the 20

pat t @13 Qo NQHUHORS AN JREATIES R K R @SicStregion
surface. This transfer process forns recesses on the

r esi slorwhisghnennespontd & ddae atdoes yesyiom tilke adjeditad on
Then, the substrate is etched using the resist having

t he matet érass sofo fprtdter Usilang hdmkresceofed has rg sissdk anghb RIE
The etching nethod uses RIE based on a CF4 gas in the
case condiftgonsxamiihe i fflegenosubst 38t @M@ M Lot

limted to this. The etching results in an HDD - 11
substrgfe natly RO Yatt%ers of T Proty i @IRGTs dandised to

recesses forned on the surface thﬁépof. After

et chiRgY fad Ui Perericd S1F hdigit Datwedt 1 T editsh2-

In the process of producing a substrate having
protrusions and recesses, an imprint apparatus capable
of transferring both sides simultaneously is used to
transfer the patterns of protrusions and recesses to
the HDD substrate by imprint lithography. First, the
HDD substrate is coated with an imprint resist on Dboth
surfaces. The substrate is sandwiched with two
stampers for the back and front surfaces, and pressed
uniformly on the entire surface to transfer the
patterns of protrusions and recesses to the resist
surface. This transfer process forms recesses on the
resist which correspond to the recesses on the media.
Then, the substrate is etched using the resist having
the patterns of protrusions and recesses as a mask.
The etching method uses RIE based on a CFgq gas in the
case of, for example, a glass substrate but is not

limited to this. The etching results in an HDD



10

15

20

25

corresponding to the recording track and the region 5
correspondi ng area and separating region is 10 nm or
nore, preferably about 20 nm In the process of
depositing a magnetic film a recording film
including a soft underlayer and a perpendicul ar
magnetic recording | ayer is deposited on 10 the
surfaces of the glass substratddw th the patterns of
protrusi ons and recesses to manufacture a

per pendi cul ar magnetic recording nedia. The nedi a

havi sgbsheaper pendi chkaparagrasi ©Lr BEOrdiusSd ody &M %n
the soft underlayer with high perneability is %glled a
15 p&FFERErEUILeETg8uBe thgy &M redratNeR e AITeT

per pendi cul ar doubl.e-| ayer nedia, .th of t underl| ayer .
(SULFtC H&Hestgepgﬁgf & F&ngFﬁgﬁ%o%eﬁwgeﬁegg% %%glon
whi ch the soft,.underl rall r.ecardi e

f1 el GOFPBAPATERG! Copors RoSTora gase T Gugh T & 50"

hori%gqggﬁg@hggﬁgi%Qe%oaﬁ%t%%@a&%tﬁﬁ relUloh MeKe o nm or

arrange ar t singl e pole head. That s, the soft

undeplayer lp%%ﬁf‘é%%btl@/_ apRlut @osteep, sufficient
per pendi cul ar magnetic field to the recording |ayer to

i nprove r geortiengrefddsa encyeRBsiRliGg % steamsetalc £ilm, a

perspective view of a magnetic recording apparatus

accomrgicng diogarf idrbddichmstinef & e T thresiaitl avfre i

The magnetic recordi ng apparatus - 12 _conpr,ises a

Tagn SEBerEdsidiTg TRSTIEY (ODTR HEGA 18Vl spidraiasited on

oo O 220 L DT TR A 9188 s
of protrusions and recesses to manufacture a
perpendicular magnetic recording media. The media
having the perpendicular magnetic recording layer on
the soft underlayer with high permeability is called a
perpendicular double-layer media. In the
perpendicular double-layer media, the soft underlayer
(SUL) shares a part of the function of the head in
which the soft underlayer allows a recording magnetic
field from a single pole head to pass through in a
horizontal direction to return to the return yoke
arranged near the single pole head. That is, the soft
underlayer serves to apply a steep, sufficient
perpendicular magnetic field to the recording layer to
improve recording efficiency.

FIG. 5 shows a perspective view of a magnetic

recording apparatus according to an embodiment of the

present invention. The magnetic recording apparatus
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and actuator arm 53) that supports the head slider 55,
5 a voice coil notor (VCM 56, and a circuit board,
whi ch are arranged inside a housing 50. The DTR nedi a
10 is mounted to the spindle notor 51 and rotated. A
per pendi cul ar recording scheme is used to record
various digital data on the DIR nedia 10. The 10
magneti ¢ head incorporated im tide head slider 55 is
what is called a conposite head conprising a single-
pol e head and a GWR el enent. The suspension 54 is

hel dcatnponeesnd oRores lgctresrseiapninsgieo (BGPpseticne 10, 2
head slider 55 so that it faces the recordinggsurface

15 oFPERELBTROFEd & 11613 Fh& Cherfat GheaPifsgcpda 10/ @ head

tt t 52. A |
s BPatedeq ar B 8ot RurRalT i6h EReeriyar shtEihedsn 4
to %BV%c%%a%%ra gH@%@r thRg %%b%%r%%'kh@ohgﬁd(¥guber 55,

56 rives the head suspension assenbly to position

the 20 gagRetice 1head Qvarcan akhi tinar ¥ adicali taddzess

on the DIR nedia 10. The circuit board conprises a

head wh@cht @ rgeneirangedr iivisigesiaghaus ihar stthe Toiec®TR media
coil notor (VCM, control signals that contro

r ead/wr iitse moyintthel tmaghet isp inede, mandrt B leinkle ro2Bitgd. A
magneti c recording apparatus incorporating a nagnetlc

r ecopdirmg e divd ArDTR avediiag ﬁ§hﬁﬁ@d&§eﬁseﬁbtowé&99r

with patterns_of protru5|ons 2§9 recesses

sepal&ting s &giddnd ]l hirte Yy ges S imbd 2 ah@ pr&&ﬁ%ed

b Chattis Mo s ol e T heLenes bled B 4
what is called a composite head comprising a single-
pole head and a GMR element. The suspension 54 1is
held at one end of the actuator arm 53 to support the
head slider 55 so that it faces the recording surface
of the DTR media 10. The actuator arm 53 is attached
to a pivot 52. A voice coil motor (VCM) 56 is
provided at the other end of the actuator arm 53 to
serve as an actuator. The voice coil motor (VCM) 56
drives the head suspension assembly to position the
magnetic head over an arbitrary radial address on the
DTR media 10. The circuit board comprises a head IC
to generate driving signals for the voice coil motor
(VCM), control signals that control read/write by the
magnetic head, and the like.

A magnetic recording apparatus incorporating a

magnetic recording media (DTR media) is produced. As

media with patterns of protrusions and recesses in
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recording track and the top of the separating region 5
and the difference h2 in height (a-c in FIG 1)
between the top of the recording track and the bottom
of the separating region (Sanples 1 to 3). For
ref erence, conventional DTR nedia are al so produced in
whi ch the separating region is made a recess does not
10 have patterns of protrusions3and recesses. Two
types of conventional DTR nmedia are produced which
have different values of the difference h3 in height
bet weepathéingprefivhe,r ¢bwedi hyresack awdiehé SoPraduced
of the separating region (Sanples 4 and 5). 15 Table 1
showshihb Spgrapifsenense vlaétu.eés Oén&hef Wuﬁ#& r@tné’r?i Iilg 0
of the na%netlc recordln paratus %orpor ting

% 0i eE

eachP&f 9bRke éb@vé“ngé SEHE S Ns it gfal*Fo 9

t
Lgthgacgf &ggnérﬁﬁ% nggl pOI%Ihea %%d%%%EQaﬁﬁn% region
si gnal s E%etﬁgfg%%gﬁkbch@eﬁ%r%bQ%hEEq%adOQ%amﬁ%ﬂ 13nd

then usin ad to read the signals

Measueeperls take t%%)r bife@ nQUtr clo ra iflgX @d aRAS D hed bot tom
radi al position of 20 nm by rotating the disk at

4, 20Qr pHe lsephetiedi aegjigmal (Saoieissd rat i30 .( S/END

25 the S value is obtained at half the peak-to-peak

val uee fepesici, v ecmve: ndgatalv @ TRaxianim waleuas)sd prmaiced ir
magneti zation reversal of a single waveformat 14 10

kFCl whilsd Ninev slepe riag inge nesctoedn 's{ifarfe H8GRSS éﬂfoes not
noi se at 400 kFCI. The nedi a SNR decreases under %

ef f e®BVEF PRSILEE TS O e FHSHQAR chdiesesses. o' Eypes

of conventional DTR media are produced which have
different values of the difference h3 in height
between the top of the recording track and the bottom
of the separating region (Samples 4 and 35).

Table 1 shows the signal-to-noise ratios and
flying stability of the magnetic recording apparatus
incorporating each of the above media. For the
signal-to-noise ratio, read/write (R/W) tests are
conducted by a method of using the single-pole head to
write signals to the magnetic recording media obtained
and then using the GMR head to read the signals.
Measurements are carried out at a fixed position, a
radial position of 20 mm, by rotating the disk at
4,200 rpm. In the media signal-to-noise ratio (S/Nm) ,
the S value is obtained at half the peak-to-peak value
(positive and negative maximum values) in one

magnetization reversal of a single waveform at
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Table 1 indicates as follows. In Sanple 2, the 5
appropriate values are set for the difference hl in

hei ght between the top of the recording track and the
top of the separating region and the difference h2 in
hei ght between the top of the recording track and the
bott om of the separating region, that is, 5 nmand 10
10 nm respectively. CbnsequenﬂHy ‘Sanple 2 exhibits

a high SNR and good flying stability of the head.

Both heights hl and h2 of Sanple 1 are excessively

smal 10 &5CEhat Thie Ngaipilacetkki bines Laplr BERNatEUPLE Agms)
stability but a low SNR. Both hl and h2_of Sanpl 15
are @icé@éﬁ@e?& FePg&FCdo t RRE PﬁaléaﬁﬁﬁedgfﬁFﬁFF§ gnder
hi gh _SNR prapriate flyin Lt le 4
exhlﬁﬁﬁ E%F&% § nFﬁgﬁghrOPSXPeggsggge%gnéfﬁﬁﬁgpn

the separaLifiq negion R deener 1than the tomdfe the the

separating region in l'e 2. The reason of this is

20 b%bb@%?@l%ﬁ%ty%h%ef|%&es%%%r%bknﬁh%e@hQ&%rb&cgaMQ|Qn
4 prevent the disturbance of the crystal orientation

of  thhkegper perdiceul ahemr@PebILC thec akdiong ifhig mrack and the

deposited on the separating regions, so that the

magne&bioc offe thedisega rhitlimgom ehiens epar athienglifégiremse h2 in

exhi bits 25 recordi ng/reproduci ng characteristics

conmpaedbhs b@twﬁﬁ@séh@ntpﬁeoﬁe@@@dﬁﬁgoﬁﬁ&@@ Yiigiceh and the

| owers the SNR due to wa%netlc Si naI rQWltg

sepaPRtitRg Pdgitds. SePfgat Qﬁpﬁ?%% eif@s V) ypnd

| ar ge -hei ght h3 and_t its hig NR _but

inapgpoEPVafgsﬁeftﬁge Yabi |opiequen 1y, %amﬁ%e W exhibits
a high SNR and good flying stability of the head.
Both heights hl and h2 of Sample 1 are excessively
small, so that the sample exhibits appropriate flying
stability but a low SNR. Both hl and h2 of Sample 3
are excessively large, so that the sample exhibits a
high SNR but inappropriate flying stability. Sample 4
exhibits a low SNR though its recesses constituting
the separating regions are deeper than the top of the
separating region in Sample 2. The reason of this is
believed that the flat separating regions in Sample 4
prevént the disturbance of the crystal orientation of
the perpendicular magnetic recording film deposited on
the separating regions, so that the magnetic recording
film on the separating regions exhibits
recording/reproducing characteristics comparable to

those on the recording track, which lowers the SNR due

to magnetic signals from the separating region.



5 Table 1 Sanple No.hl h2 h3 SNR Flying (nm(nm

(nm (dB)stability 117-20.4good 2510-25. 3good
31030- 24. 9no good 4--721. 3good 5--2024.4no good - 16
VWHAT IS CLAIMED I S: 1. A magnetic recordi ng nedi a
conprising: a substrate having recording tracks and
separating regions separating the recording tracks, 5
the separating regions having patterns of protrusions
and recesses forned therein; and a recording film
deposited on the substrate, wherein a difference in
hei giempéewbehaa vopestesshuctycoprdpRgheigbk BAdaadt §pus
of the separating region 10 is 2 nmor nore_and 7 nm
or | eg8ibakd & Bﬂﬂheggﬁcéanlnﬁ€P§ﬁPrB€FﬁegﬁyﬂH8 t op
of the Leiording track and a bottom of the separating
regi 872P¢146Ynm or nmore. 2. The magnetic recording
medi a according to claiml, g@féein the difference in

hei ght befween—the 5toep of ot-ehg—track—and
t he bottom of the hl h2 h3 SNR Flying
Sample No. (nm) | (nm) | (nm) | (dB) | stability
1 1 7 - 20.4 good
2 5 10 - 25.3 good
3 10 30 - 24.9 | no good
4 - - 7 21.3 good
5 - - 20 24 .4 no good
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separating region is less than 30 nm 3. The nmagnetic
recordi ng nedia according to claiml1, wherein the
recording filmhas a nmultilayer structure including a
soft underl ayer and a 20 perpendi cul ar magnetic
recording |layer. 4. The magnetic recordi ng nedi a
according to claim1l1, wherein the patterns of
protrusions and recesses imm tR& separating region
formlinear patterns extending along the recording
track. 25 5. The magnetic recordi ng nedia according to
claim 1, wherein the p&therhs eF2ApfBPr &3t ons and
recesses in the separating region forn1do%ﬂggtterns.

17 6. A subsfr HEENESHE S Gretcd e &6 dien § e dila 119
conprising: regions corresponding t.0 recardi ng tyacks;
and sepa%a??ﬁ%tfé Fo%§V§@€§F§F¥%§“fﬁ% régi gn% .

cor I espendi- Rt 9oHN8LCeRrdI g HACkS, e SaRd At
regi on aV|n8 patterns of protrusions and recesses
forn@ﬂetQ%F%&@hiﬂ@e&%b@oﬁsdM%EQh%n%%tt%rﬁ%l@EtﬂﬁﬂﬂMﬂﬁlons
a top of he region corresponding to the recording
tracknandeaecsl@st gprokdt heesepar;atingg region is 2 nm

or nore and 7 nmor |ess, and a difference in height

bet ween t ke reap rafing He live glegr scdrede syyo ridien ¢ U e e,
recording track and a bottom of the separating reggon
is 10 nm ohemsrie a7 difHe ransst ridt dedaddr datyasd @ &R of

6, wherein 15 the difference in he%ght bet ween .t he ,
top 6petﬁ§CPé&P8ﬁ track and a top of the separating region

is 2 nm or more and 7 nm or less, and a difference in
height between the top of the recording track and a
bottom of the separating region is 10 nm or more.

2. The magnetic recording media according to
claim 1, wherein the difference in height between the
top of the recording track and the bottom of the
separating region is less than 30 nm.

3. The magnetic recording media according to
claim 1, wherein the recording film has a multilayer
structure including a soft underlayer and a
perpendicular magnetic recording layer.

4, The magnetic recording media according to
claim 1, wherein the patterns of protrusions and
recesses in the separating region form linear patterns
extending along the recording track.

5. The magnetic recording media according to
claim 1, wherein the patterns of protrusions and

recesses in the separating region form dot patterns.
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corresponding to the recording track and the bottom of
the separating region is less than 30 nm 8. The
substrate according to claim®6, wherein the patterns
of protrusions and recesses in the 20 separating
region formlinear patterns extending along the
regi on corresponding to the recording track. 9. The
substrate according to claimé6,lfhérein the patterns
of protrusions and recesses in the separating region
formdot patterns. 25 10. A magnetic recordin ,
appar at us &conp¥ i%ﬁraqqqef%gw&qe&%m%q}%&}%?la

according to claim1l;, and a nmagnetic head.
comprlslng H

regions corresponding to recording tracks; and

separating regions separating the regions
corresponding to the recording tracks, the separating
regions having patterns of protrusions and recesses
formed therein;

wherein a difference in height between a top of
the region corresponding to the recording track and a
top of the separating region is 2 nm or more and 7 nm
or less, and a difference in height between the top of
the region corresponding to the recording track and a
bottom of the separating region is 10 nm or more.

7. The substrate according to claim 6, wherein
the difference in height between the top of the region
corresponding to the recording track and the bottom of
the separating region is less than 30 nm.

8. The substrate according to claim 6, wherein
the patterns of protrusions and recesses in the
separating region form linear patterns extending along
the region corresponding to the recording track.

9. The substrate according to claim 6, wherein
the patterns of protrusions and recesses in the
separating region form dot patterns.

10. A magnetic recording apparatus comprising:
the magnetic recording media according to claim 1; and

a magnetic head.



