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a nultilayered filmincluding a magnetic filmon a 20
flat substrate mandcpsedegsicmgethe magnetic film by
etching or the like (referred to as a nmagnetic |ayer
processi ng®t PEFErAREhBGgH at Réva nds 2afoadvaniragéd obhat
conventi onal Erocesses can be applied in this proce
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media. In particular, a patterned media manufactured
with a method comprising processing a substrate into
the aforementioned configuration and depositing a
multilayered film including a magnetic film using a
conventional process (referred to as a substrate.
processing type hereinafter) has an advantage of small
additional fabrication cost because of simple process.
On the other hand, there has been proposed a patterned
media manufactured with a method comprising depositing
a multilayered film including a magnetic film on a
flat substrate and processing the magnetic film by
etching or the like (referred to as a magnetic layer
processing type). Although there is an advantage that
conventional processes can be applied in this process
until the etching step, there are concerns about
degradation of magnetic characteristics and dust
generation when fine processing of the magnetic layer

is carried out.
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is carried out. A patterned nedia of substrate
processing type has been studied |ong before (see

Jpn. Pat. Appln. KOKAlI Publication Nos. 9-282648 and
2000- 293843). Jpn. Pat. Appln. KOKAlI Publication No.
9-282648 5 discloses a technique of conpensating for
insufficient intensity of servo signals, in a

magneti c di sk having data zones?Zand servo zones in

the formof protrusions and recesses, by setting a
flying height of a head slider over the servo zone

| ess than Bhaetseenethametidadatfaszbatratd pevrtesging type

nore than the glide height. The docunent descri bes
that PR BEPRhSBRI}EEesSBY BRIOtRe (§8BsYPAt eFafhelPP1N.

and ARG PRERECEFoaly fothe 825%&@%3539528_8@2%59?8@35“-
1o m it P aeRbed TRAb hehd, BupTTEKERSRINR b fozeee

pm togsemerabsM: JBRnnPatie APPLAMpKOKAL i Rybkicat holsricient
No. 2000-293843 di scloses a techni que of Suppressing

fluctuatenpitp bkysnagvbes9hha0k, t he negAghkbeibeadsknhaving
20 magnetic di sk having data zones and servo zones in

the ¢&atm pbnpsotndssensoandnesceéssesebyosrmt bEngrbheusions
rel ati onshi p between the groove width L and the groove
dept handofeecesessesbinseheisgreof zphegt behgbt bthea head
followng formula: L/W< 0.8. 25 For the purpose of
devel%bia@raoﬁﬁﬁhtﬂén§?¥yo rBgfReleesrebandihgt over the

apparat us, the gr sent inventors trjed to fabricate a
magne akar 2RBEd ﬂg 5%55?39u§tiﬁore than the glide height.

The document describes that the depth of recesses on
the substrate, the flying height, and linear velocity
are 200 nm, 50 nm, and 7 m/s, respectively. The
document also describes that the shortest wavelength
of servo signals is 1.6 pm, it is deduced that the
track pitch will be 1 um to several um.

Jpn. Pat. Appln. KOKAI Publication
No. 2000-293843 discloses a technique of suppressing
fluctuation in flying height of the magnetic head in a
magnetic disk having data zones and servo zones in the
form of protrusions and recesses by setting the
relationship between the groove width L and the groove
depth W of recesses in the servo zone to meet the
following formula: L/W < 0.8.

For the purpose of developing a high-density
magnetic recording apparatus, the present inventors

tried to fabricate a magnetic recording apparatus in



5

15

20

25

accordance with the above nentioned techni ques using a
patterned nedia having a track pitch of 300 nm which

is smaller by one order as conpared with the above
mentioned patterned nedia. As a result, it was found

5 that a signal-to-noise ratio (SNR) of servo signals

is too lowto be used for the tracking operation.

BRI EF SUMVARY OF THE | NVENTI CN A3 nmagneti ¢ recordi ng
apparatus according to an aspect of the present

invention conprises: a magnetic 10 recording nedia

conpr @sFagdancsuvsthatbeopbakicchephipre@dsteghniques using a

protrusions and recesses corresponding to a servo

zone Qﬁatﬁéﬁﬁgrﬁ§déﬁ BPBFPasPoﬁ§a§HdPFE€Es§553OO nm, which
correspondi data zqne are forned
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15 ro r I ng [

oad nehEEohRE HERbEk b e BR8LE, AT e, BeallBoct i wragTound

in a ghate; QighLyLpg- HM?EetPQtHBQnghR? BFCQéQbBQSlgnals is
nedia, the read/wite head including a pair of

magnetbe sbivetdsbeandea GbanthBBYNEERIRGI She¥et ebriENt
sandwi ched 20 between the magnetic shields, wherein a
track pitch in tBaIgat8aUxMuARYODEFt TEEMAYMENTETON

recording nedia is 20 nm or nore and 300 nm or |ess,

a rel ativedl nagartiel serpydibet wpparehesreadpuding to an
head and the magnetic recording media is 11 m's or

| ess, 28RECtwWAEntAedPERARRE #PBﬁﬂth@nzsowaghé@ﬁc @hmégaetlc
of the reaQIMW|te head to the magnetic er on th

10t ot 1 GSFGRSLEF FRALAGREDFLSrBB0r A1 RUCSHEATS, PS which
Fgflnsgt@§ﬁ;gfo?n?rgtgugaggge?ﬁgtmgg %QS ggg?&épgnding to
yer- on e protrusrons an e

a servo zone and patterns of protrusions and recesses
corresponding to a data zone are formed, and a
magnetic layer on the substrate; a spindle motor which
rotates the magnetic recording media; and a read/write
head mounted on a slider to be positioned in a state
of flying over the magnetic recording media, the
read/write head including a pair of magnetic shields
and a giant magnetoresistive element sandwiched
between the magnetic shields, wherein a track pitch in
the data zone of the magnetic recording media is 20 nm
or more and 300 nm or less, a relative linear velocity
between the read/write head and the magnetic recording
media is 11 m/s or less, and, when a distance from the
magnetic shield of the read/write head to the magnetic
layer on the protrusions of the magnetic recording

media is defined as "m" and a distance between the



recesses in the servo zone of the magnetic recording
media is defined as "d", a ratio of d/ mis 0.2 or nore
and 3 or less. 5 BRI EF DESCRI PTI ON OF THE SEVERAL
VIEWS OF THE DRAWNG FIG 1 is a perspective view
showi ng a magnetic recording nedia in a magnetic
recordi ng apparatus according to an enbodi nent of the
present invention; FIG 2 is a ptan view showi ng an
exanple of a 10 magnetic recording nedia in a

magneti c recordi ng apparatus according tqo an
embodPABAEESF RECPr88ehfe PROBREPOANSFRET BRRE gnpfhR

[ howi not I f ti di .
v SIOULORC 205U NEC SERIP) €060 o2 TBAEL LS EEOE R0

to anmggygdggﬁggfgﬁeghgspngseng FEQYSanOHVthg'O42i8r more
a sectional "Vvi eéw show hg a magheti¢™ ‘recordi ng nedi a

in a grgnetic feecerding apparatus according to an

enbodi nent of the present invention; 20 FIG 5 is a

s5secti iRl EN I S o TN a1 gtk ed e, (Sensasy OfE BDRAWING
read/ wite head in a nmagnetic recordi ng apparatus

accordi ng FfoGanlerbodi pertpettihe prlesenhowingent magnetic
FIG 6 is a perspective view showi ng a magnetic 25
r ecor depgrapparacdsaagceopdinpgnebianreapsvdinentPphrekes

present invention; FIG 7 is a sectional view ,
schen%??%é@%?gsﬁ%mﬁﬂge%bﬁgéWFPBnoéftﬁenﬁﬁﬁéﬁpE invention;

recordi ng ia,and a ead/wite head in a na%nﬁtic
recor di ng gg argtag a plan view showling an example of a

10 magnetic recording media in a magnetic recording
apparatus according to an embodiment of the present
invention;

FIG. 3 is a plan view showing another example of
a magnetic recording media in a magnetic recording

15 apparatus according to an embodiment of the present
invention;

FIG. 4 1s a sectional view showing a magnetic
recording media in a magnetic recording apparatus
according to an embodiment of the present invention;

20 FIG. 5 is a sectional view showing a read element
(sensor) of a read/write head in a magnetic recording
apparatus according to an embodiment of the present
invention;

FIG. 6 is a perspective view showing a magnetic

25 recording apparatus according to an embodiment of the
present invention;

FIG. 7 is a sectional view schematically showing



according to an enbodi ment of the present invention;
FIG 8 is a sectional view schematically showng 5 a
position of a magnetic recording nedia and a

read/ wite head in a magnetic recordi ng appar at us
according to an enbodi ment of the present invention;
and FIG 9 is a plan view schematically showing a 10
position of a nagnetic |ayer on protrusions of a
magneti c recordi ng nmedia and one of the magnetic
shields in a magnetic recordi ng apparatus according to
an enpodppehtonfofhe paesenici heeardong METM LED] a
DESCRI PTI ON OF THE | NVENTI ON 15 The present inventors
i nvest PRl BB TR Beedi Int ReMagRgkEC oF e pRd Y URPPIRA F WS

the SNR of ;th bstrate rocessing type patterned
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above. As esyl it . found.that noise.in,the
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magnetic [ayer on the recesses nmedi a.

deducedad hatitbendohiseni 8 mIQREE ot efe BYr@n Y NSpEdt S us
magneti zation structure inside the magnetic shields

of thecternding teashngmi2bdsesnd Sf ghiad Sprésethhei casetion;

of the aforenentioned prior art of the patterned

medi agndt is deduced that such noi se has not been

generated because the head is probably an inductive

ring head Fhat 8o&s AoPlAAvELSYi ersmatirahbughhetieng a

iS no descrigtign on the head ,
position or a magnetic layer on protrusions of a
magnetic recording media and one of the magnetic
shields in a magnetic recording apparatus according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present inventors investigated in detail the

cause of the reduction in the SNR of the substrate
processing type patterned media fabricated at a high
track pitch, as described above. As a result, it was
found that noise in the 'servo signals become large,
depending on a distance between the magnetic layer on
the protrusions and the magnetic layer on the recesses
of the media. It is deduced that the noise is
generated by an unstable magnetization structure
inside the magnetic shields of the head in reading
servo signals.

In the case of the aforementioned prior art of

the patterned media, it is deduced that such noise has



structure. Another possible reason is that a change 5
in signal intensity at an edge of the patterned nedia
is small under such a large track pitch. A magnetic
recording apparatus according to an enbodi ment of the
present invention achieves a good tracking operation
whi | e suppressing degradation of 10 SNR of servo
signals by properly setting a‘tréck‘pltch in the data
zone of the nmagnetic recording nedia, a relative

l'i near e#ocity bet ween the read/wite head and the
nagnePP¥ EEOr ARG TReGPaLesRdss thei beetl dsmprobakly an

[ . "ot f th tic shield of the 15
ead; aroreThekut ﬁ?gﬁggﬁ‘é‘{tic&‘o?éyé‘f’tdég&i ebdsbizhe
' f i¢c recordi.ng nedia a a
B ot ARG e e B PR Gk s tal on

the peetndsiies apdothat BSBQ%E&%drggsEHeiEe%ﬁéée% Lgange
the servo zone of the magnetic recording medira. 2

SFIG 1inisianperspeehkYeyvhewsschegst beat}ly ?égggkﬂgdamedia
patterned nmedia. On a surface of the magnetic
recor ds ngmakdi an¢pat seched edya) ttdckt peren. exi st
servo zones 13 including burst signals, addresses,
and preanbfedagnethe kekerfiongt eppkiraguandc2brdahg to an
access control and data zones 12 where user data are
wri t tEPPOHEEN Y QEhkhat PEAFEYL dbpvertian ragigesrens aofood
these_zones on the disk surface in the formof |ines.

FIG o TS RN char Hetopl 4Rt b W BRBHF RN andexkagrelen of

10 8 oV G S N o St PRt LA S e picon
in the data zone of the magnetic recording media, a
relative linear velocity between the read/write head
and the magnetic recording media, and a ratio of d/m
of a distance "m" from the magnetic shield of the

15 read/write head to the magnetic layer deposited on the
protrusions of the magnetic recording media and a
distance "d" between the magnetic layer deposited on
the protrusions and that deposited on the recesses in
the servo zone of the magnetic recording media.

20 FIG. 1 is a perspective view schematically
showing a patterned media. On a surface of the
magnetic recording media (patterned media) 11, there
exist servo zones 13 including burst signals,
addresses, and preambles or the like for tracking and

25 data access control and data zones 12 where user data

are written. FIG. 1 schematically depicts arrargement

of these zones on the disk surface in the form of
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5 shown in FIG 2, patterns of a magnetic |ayer on the
protrusions of a substrate which has been patterned to
form protrusions and recesses correspond to servo
patterns used in a current magnetic recordi ng nedi a.
The servo zone 13 includes burst signals 14 for 10
tracking control, for exanple. In the data zone 12
shown in FIG 2, track patterns fhmde of a magnetic

| ayer are fornmed continuously in a circunferentia
direction separated by the recesses. The patterned
medi aldfedhis type is also referred to as a discrete

15 track nedia. FIG 3 is_an enlarged plan view
showi ng anggﬁerz éﬁaﬁﬁl%“é?rﬂﬁg Béﬁﬁ JoRY ahaweﬁ@ an

Servo_zone.in tterned dia shown in %
the dataTShneoio® SRBAnTPRCFIES 3 SGATH BPES hRdS B a
”Hgne ?téﬁ%&& %Qd?éfgﬁgﬁﬁriﬁeglgy the E§C€§§e§erJQezore 13

erned media in a nar

Sensesh&@ntbﬁ ﬁt@crﬁte nggkngegfaasﬁgﬁﬂetﬂcFlQ@eg on the
I i near recording den3|?y i s determ ned dependi ng on

nmagnepraatiONohsansi & onput dhbef OREH BAst Beehl BekBebied to
25 the simlar nechanismto that in the current

nmagnefocm pecordshgnsednd. rénesbhes padteesedndetbasenva
narrow sense shown in FIG 3, the linear recording
densi Pytierget s e ned @ycﬁhéeDFo@@@@@@lgarﬁéﬁﬁél@g media.
data bits. The patterned nedia in FIG 3, as conpared

with ?%%tSeFHOFF%P6213hé%céﬁaﬁﬂvgﬁféﬁesbgnﬁ%@hléeﬁgFty
recordln

9 lbut ha as L %cgltleg in fa?r 06 8 rocess.

Oand hehackR8c&RRTEY Pr SHe™Bresent’ih 7bi é8h°

be apgﬂégg in FIG. 2, track patterns made of a magnetic
layer are formed continuously in a circumferential
direction separated by the recesses. The patterned
media of this type is also referred to as a discrete
track media.

FIG. 3 is an enlarged plan view showing another
example of the data zone and the servo zone in the
patterned media shown in FIG. 1. 1In the data zone 12
shown in FIG. 3, data bits made of a magnetic layer
are separated by the recesses. The media of this type
is a patterned media in a narrow sense.

In the discrete track media shown in FIG. 2,
linear recording density is determined depending on
magnetization transition width formed on the tracks by
the similar mechanism to that in the current magnetic

recording media. In the patterned media in a narrow

sense shown in FIG. 3, the linear recording density is



to both types shown in FIGS. 2 and 3. Thus, the
present invention attains an advantageous effect of
noi se reduction in reading servo signals from steps
fornmed on the substrate as 10 described | ater.
Therefore, the present invention can also be applied
to phase difference servo or any other servo system
Wi t hout being restricted to the ABCD burst, although
FIG 2 illustrates ABCD burst signals by way of
exanple. That is, the present invention can 15 be
appl | 88 EEMER§IKPHItEE parcesned mediarpsovitdinaga bits.
servoT%ignakg fro§1the,patterns on the substrate. FIG
4 is a'SeBfirofarey Biof alpitfer Aedafedparargfewith that
substr at 1 ks cessed to, have patterns of . '
protrggigﬁé'a%d Bégegée 888PF3§6093ih@956d§§?%5yzéﬁ6§rdlng
20 angyda zZgnes. QLS. SU 21, the

dahas 89??&c§@t%gg if ?ggg§égﬁbopa§EPC%§Snﬁag head

under| ayer 22, the nagnetic recor
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formed. In order to flatten the surface o
magnetocboetotdbag shedhainarnggmagngticzmateri al may
be filled in the 25 recesses. To formthe patterns of
protrusi on8hafd tkeessesenonihhensubst satginanagt ching
process is applied using a nask wwth a desired

pat t eF VRS2 978 seff eshdett el seranedact Ueh nin prosessy
so as_to transfer the mask pattern into protrusions

and rEcebsed SN 5D, LRI RRT | BALMIHromt et e tiate as

substi S B R Tk o rerere i fi R ed peRNren can

i's pressed,oni 9,1 hey n@c?'lﬁyhase difference servo or any other
servo system without being restricted to the ABCD
burst, although FIG. 2 illustrates ABCD burst signals
by way of example. That is, the present invention can
be applied to any kind of patterned media providing
servo signals from the patterns on the substrate.

FIG. 4 is a sectional view of a patterned media.

The substrate 21 is processed to have patterns of
protrusions and recesses corresponding to servo zones
and data zones. On this substrate 21, the underlayer
22, the magnetic recording layer 23 made of a magnetic
layer and the protective layer 24 are formed. 1In
order to flatten the surface of the magnetic recording
media, a nonmagnetic material may be filled in the
recesses.

To form the patterns of protrusions and recesses

on the substrate, an etching process is applied using



material to forma processing mask, may be used. Mask
materials used for inprinting process include a
phot ocuri ng resin, SOG (spin-on-glass), alumna fine
10 particles and the like. A nmethod, in which a resist
is coated on the substrate and then patterns are
directly witten with a high-energy beam such as an
el ectron-beamto forma mask,” may be used. FIG 5 is a
sectional view showing a read head. 15 The read head
includes a pair of magnetic shields 31 and a giant
magnet ofeskstive el enBhrcdOvMREREReNE 3B aseppifgnayector
a read elgnent bet ween t he nagnetic shi el d

n

31, A
pr ot BEFYE2FF 1A 88 PEOPEF fred® afhEOaFréaéiﬁrnahe mask
surfage. (AB9) , of ot heopmgnetie shield 3Ly The 205, o oo-
read/. rte head s nounted on a Sli er, and IS
S!tbQDEQd'93££¥h99m8¥653$h?n”@ﬁgéﬁ' 5860 LBY material
dia. The x

po
nmedal Irection I ndicated by the arrow shown
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direction). 25 The nagnetic shields 31 nmay be nade of

a matesvahg thatsisegepetaklky wusedréssetihoseoi nha mask
current magnetic recording apparatus. The magnetic

shi eldst8iighytbefdOmnaderofeassoft maagnenay hat epedl Mask
simlar to that used for a soft magnetic underl ayer
(SUL)M¢hetrhels peppendPEul BPraghedi BrPeedfdiAGLAERI 4.

It is ﬁreferable that the soft magnetic nﬁter'al,useg.

for SPPRECHRHNREI ESShitel dSC31SBABT B"ﬂgéés r gepmingd tine

permeabl 1Ly, SORL! (£Qeiclyl ty, And,Blhgh; RaLUEali 9N egist

is coated on the substrate and then patterns are
directly written with a high-energy beam such as an
electron-beam to form a mask, may be used.

FIG. 5 is a sectional view showing a read head.
The read head includes a pair of magnetic shields 31
and a glant magnetoresistive element (GMR element) 33
serving as a read element between the magnetic shields
31. A protective film 32 is formed on the air-bearing
surface (ABS) of the magnetic shield 31. The
read/write head is mounted on a slider, and is
positioned in flying over the magnetic recording
media. The x direction indicated by the arrow shown
in FIG. 5 is a head traveling direction {(down-track
direction).

The magnetic shields 31 may be made of a material
that is generally used for those in a current magnetic

recording apparatus. The magnetic shields 31 may be



magneti zation, conpared with SUL. In order to obtain
efficient read-out signal, the nmagnetic shields shoul d
preferabl e have a high perneability at high frequency
10 regions so as to detect a very weak | eakage
magnetic field fromthe magnetic recordi ng nedi a at

hi gh- speed operation. The protective film 32 may be
made of a material sinilar to tAat-for the protective
film24 of the nmedia. 15 A read el enent (sensor) can
be one used in a conventional magnetic recording
appar®tds. of naapcfexnagraglproduetiah simiiar ayeredpt used
filmhpaving structure of a magnetic nmaterial/a netal

spacetCr | ayerth Ragmetic %%?%?1%Y6Eaf$%% atRi e 20

[ ]
ety kit elri%iﬁ‘%t%m%fdlg rwize??ﬂzfta 1d
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enment such as a current-pe pendl cul ar - tO
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current-confined-path type may be used.

presepéridwiention, smdypecodrihei £ eadaeh ermﬁm $StPition
limted in particular. Al though no protective filmis

- 11 mapyovi degt for, tdenGMRelenentSB3B. | Nifkld&xddy @ obtain
protective filmmay be provided on the air-bearing

surf sRef bEiene BRI ehentg33l, Thee GRS thensh B3ldsyshould
be recessed fromthe air-bearing surface of the head.

5 | n B esbiyrhavr %u@b%% fmednieht emle, high frequency

[ m t he
Inputéé%§£%H égagg gord é tréc¥%r3|§ggkslé§¢£éé)magnetlc

field from the magnetic recording media at high-speed
operation. The protective film 32 may be made of a
material similar to that for the protective film 24 of
the media.

A read element (sensor) can be one used in a
conventional magnetic recording apparatus. In an
existing product, a multi-layered film having
structure of a magnetic material/a metal spacer
layer/a magnetic material called a giant
magnetoresistive element (GMR element) is generally
used as the read element. Further, a tunneling
magnetoresistive element (TMR element) and an advanced
GMR element such as a current-perpendicular-to-plane
type, a nano-oxide layer (NOL) insertion type and a
current-confined-path type may be used. 1In the
present invention, a type of the read element is not

limited in particular. Although no protective film is



read el ement (sensor) or a wite head and the |ike are
omtted. However, those conponents used in a current
magneti ¢ recordi ng apparatus can be used in the 10
present invention. FIG 6 is a perspective view
showi ng a magnetic recording apparatus according to
an enbodi nent of the present invention. The nmagnetic
recordi ng apparatus conprises, ilnside the chassis 50,
a magnetic recording 15 nmedia 11, a spindle notor 51
for rotating the magnetic recording nedia 11, a head
indePrQWl@ﬁélé@an%é G¥&d e legeth tWidc H nu$es .a 5gi ant
nagnetor%sistive el ement, a head suspension assenbly
(suspBRSItGF 8 Sard 18cf'dat 8¢ PEPMisSr Por téeppdrtibrgring

the h lid , ' 20 Il \Y( 56,
ang a CHFaats Soarl. e STRGRGE: o orecordi AYFmEdFRSEE 33 may
i s mogat ed.@ask efé?g!@ﬂgegggtgéaé%ngggpgzaggt%%eghe head.

and a variety o i tal aaréer n

5accordance 1w thga SQeE%%nQM%Uh%Ep%@el%&gkg%@ggggnce,

magneti c recordi ng 25 system A magneti c hea

i ncor popatédutputhecheadros! bdektd5ckS 9&g%a§9'€@hk§9m the

integrated type. As a wite head, a single pole head

i s usedatinel bmepasésehsa?) perpendicyl BeamBgABt tBe 1ike are
recording, and a ring head is wused in the case of

| ongi P0dFRaH - magnaeerery ecbpdengompAnant seubeddint heeurrent

than the above types nmay be used. As a read head,

af or HRATPbhEd™ ENVRE ef RfieAPP2 67 L 4S TR 5be| BAedt ior the

loelenBSEegéngnyﬁgéagr type may be used. The read head
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t?%* shi el ds t hat

FIG. 6 is a perspective view showing a magnetic

has a pair of

recording apparatus according to an embodiment of the
present invention. The magnetic recording apparatus
comprises, inside the chassis 50, a magnetic recording
media 11, a spindle motor 51 for rotating the magnetic
recording media 11, a head slider 55 including a read
head which uses a giant magnetoresistive element, a
head suspension assembly (suspension 54 and actuator
arm 53) for supporting the head slider 55, a voice
coil motor (VCM) 56, and a circuit board.

The magnetic recording media 11 is mounted on the
spindle motor 51 and is rotated, and a variety of
digital data are recorded in accordance with a
perpendicular or longitudinal magnetic recording
system. A magnetic head incorporated in the head
slider 55 is of a so-called integrated type. As a

write head, a single pole head is used in the case of



sandwi ch the read el enment. The suspension 54 is held

at one end of the actuator arm53, and the head

slider 55 is supported 10 so as to face to the

recordi ng surface of the magnetic recording nedia 11

by neans of the suspension 54. The actuator arm53 is

attached to a pivot 52. At the other end of the

actuator arm 53, the voice coil Idotor (VCM 56 is
provided as an actuator. The head 15 suspension

assenbly is drixen by means of the voice coil notor
(VCM) p%é?eaﬂaca faghePnetheagersrpospti endda oveg hrad is

arbit cadial position_of the magnetic recording
nediang%x %ﬁekgﬁr art 88a?8“865ﬁ??§é§ RagRehdc| cecanding.
enerat s dri [ r t voj ce 20 coil notor

Vo o Gonteaft SPBRS) RFer "Benerorei nyoor caaruprt Bsed

oper ahk0ASrBY 4t heaAngget a netjc
recor di ng gpparatis accor%?%é ?8né§n&gﬁbgg%ﬁ%ﬂk’o?rtﬁeTMR

5preseatenavendtoan &heméracks ph CBtE@rtB§pgaﬁ§ﬁ;§§eused.
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of the magnetic recording nedia 25 is 20 nm or

and 300 nnead hesd, habearphntive mhgnearcvehosidy that
between the read/wite head and the nmagnetic

r ecor MY helli Bhe staad i kerent ess, and, when 13 a

di stance fromthe magnetic shield of the read/wite
head to t he"fragneR$ResTaye?s ohs t hel r ot r osé omsd ob £ t hise

magnet i.c recordin dia is defined as "nf' and a
di st a%%éu%te?ﬂe%%“ tg%:gerﬁb‘?\ewec e rs bidehed rbt renprmsted

5 andyd recesses in the servo zone of the
magnet i (rfgast’re%rfl hg trer% i'a i%ecooe?cg]lr{é% HErigpe ehethermegnetic

recording media 11 by means of the suspension 54. The
actuator arm 53 is attached to a pivot 52. At the
other end of the actuator arm 53, the voice coil motor
(VCM) 56 is provided as an actuator. The head
suspension assembly is driven by means of the voice
coil motor (VCM) 56, and a magnetic head is positioned
over an arbitrary radial position of the magnetic
recording media 11. The circuit board comprises a
head IC, and generates drive signals for the voice
coil motor (VCM) and control signals for controlling
read/write operations by the magnetic head.

In the magnetic recording apparatus according to
an embodiment of the present invention, the track
pitch in the data zone of the magnetic recording media
is 20 nm or more and 300 nm or less, the relative
linear velocity between the read/write head and the

magnetic recording media is 11 m/s or less, and, when



of d mis 0.2 or nore and 3 or less. FIG 7 is a

sectional view schematically showing an arrangenent

of a magnetic recording nedia and a 10 read/wite head

in the magnetic recordi ng apparatus according to an
enbodi nent of the present invention. This figure

shows a state in which magnetic shields 31 of the

read head are positioned over alprofrusion in the

servo zone of the magnetic recording nmedia. A 15 head
traveling direction is that direction _perpendi cul ar

to thd Prahenef theMdra%i Rgopaper sheetd oFpeheyread/write

v eoLL A LIOLER! S0 PU 100, LU N LG, ok sg, Sl 290,

cross;tack; di Legbion, S The synbol 2Bt dgnotes, a 20, -

di st anc rom ower ‘en e nagnetic shie

to thg; ggheLi St RYER gﬁeoﬁagngtpéoiéyékognoéhéh rotrusions
magnetic recording nedia. It should be noted that the

5thickagsstiwéttbe prot eeteyeckilm B82c 0kt PBYOELE Cthe
shield 31 and the thickness of the protective film 24
25 ofmadpeethgnetcordecordédia medi de At eed gaored”, Thiee ratio
distance "m' is also referred to as magneti c spaci ng.
A syndbl d/m"igehol esr andist ande3 ber weesst he magnetic
14 layer on the protrusion and the magnetic |ayer on
the reces8Ifn théSsariscibaeal THéSdi SehpBatigally showing

DD ALY guel Lo e, depth ol Lecerss®ndl o o

o Juaeedhflc e Saum o7 Lhe MEGLLLPL FEEFIRT, Bibatteus
according to an embodiment of the present invention.
This figure shows a state in which magnetic shields 31
of the read head are positioned over a protrusion in
the servo zone of the magnetic recording media. A

15 head traveling direction is that direction
perpendicular to the plane of the drawing paper sheet.
The "y" direction indicated by the arrow in FIG. 7 1is
defined as the radial directicn of the disk, i.e., the
cross—track direction. The symbol "m" denotes a

20 distance from the lower end of the magnetic shield 31
to the magnetic layer 23 on the protrusion of the
magnetic recording media. It should be noted that the
thickness of the protective film 32 of the magnetic
shield 31 and the thickness of the protective film 24

25 of the magnetic recording media are ignored. The

distance "m" is also referred to as magnetic spacing.

A symbol "d" denotes a distance between the magnetic
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or internediate |ayer. As described above, a magnetic
recordi ng nedia of substrate processing type has been
studied so far. 10 The present inventors carried out
experinments with respect to the discrete track nedia

and the patterned nedia of substrate processing type

wth a track pitch of 500 nmor |ess. They found that
there is a problem which cannot4be-successfully

solved by the prior art. 15 The problemis that, in a

case where a relative linear velocity between_a

read/ WAYEE PBaBha@nBrathEgheri endr ERer BpARSHLE A2¥§r19n the

ms or less and the track pitch _jn the data e, of
the nEGREEsciPebBFdPRE IedPASTs TBBOShRFBPCFead, is

nonl | DEALoNoLsPeRPPeared L SELVA-RR, SLanals andibe an

a
makes 0SSI orm proper Servo operati on.

They é@HHthgéﬁsEPﬁtQQiSﬁoQQG%PgSthQD& sBhABLf hgant s not

under environnmental tests such as applying an

extergakapagnethcthebekdmeragat 8eNgephe okePPBEALHES. but it
Thi s noise problemis not good for an 25 actua

pr odud¢pessacneshet sobtded i Hedoshueshi gat tha, uhtiehasyer
been estimated that the noise is attributed to the -

15 causesteesedibed hayeafter. FIG 8 is a sectiona

view schematically show ng position of the magnetic '
recordi ng fiedfgsardeereabesdd/s wei agResdc Treording media of

direction indicated bgithe arrowin FIG 8 is the head

5 t r aveP? hp? bf rREPFERAS taBWAYPF alRS dPPERE PEHTLCR &° 83T -

IS 10The present inventors carried out experiments with

respect to the discrete track media and the patterned
media of substrate processing type with a track pitch
of 500 nm or less. They found that there is a problem
which cannot be successfully solved by the prior art.
The problem is that, in a case where a relative linear
velocity between a read/write head and a magnetic
recording media is 11 m/s or less and the track pitch
in the data zone of the magnetic recording media is
300 nm or less, nonlinear noise appeared in servo
signals and it makes impossible to perform proper
servo operation. They found that the noise becomes
more significant under environmental tests such as
applying an external magnetic field or raising the
temperature. This noise problem is not good for an
actual product.

As a result of detailed investigation, it has

been estimated that the noise is attributed to the



a plan view schematically show ng a position of the
magnetic | ayer on the protrusion of the nagnetic
recordi ng media and the one end of the magnetic shield
pair 31. As shown in FIG 8, a magnetic field which is
sensed by the GWR el emrent when the magnetic shield 31
of the read head passes over a servo zone depends on
change in distance between the fagnetic shield 31 and
the magnetic | ayer 23 bel ow the shield i.e., change
15 in conmbination of "n and "d". In gh densit
recordingtss ﬁﬁ%rfﬂ%dt?%E?aﬁ??Eh bet®me® shal ¢, s?%%lonal

é“;298¥a$233%h£?%910a?%¥en §7158, o LDEROLL I e ragnetic
wpéggr§§$50$§d§algﬁgagﬁenpgg&ngl{éeﬁgﬁérOn%hgon

he magnetic recording nedia, IS reduced { the ed

of t he: PREPEEH C1 SO 8L €e 3Ly MRGBCLF 6ok NP BT QT I 11 6Sthe head
tend to be degraded due to defects or the like. It is

5 knownt theé 1 angegnettzadbh onddwmgneit e doracviod | ) F5G. 9 is
likely to be pinned there and |l ead to a poor response
25 ofathkamaghevi schié¢mbédicdhladshowviomng 4 heosedichioh the
in the volunme of the magnetic shield 31 is likely to
causendfee bt FRYVRT uaki bhe ppobt ewsion @ﬁetm@tm@gmt%
d/ mis |arge under such a situation, the change in
nagne??%o¥$é?% T%%bﬁe?n% ?W%x?”?ne%%eogh?%$d“%%%%%%% shield
| arge _and gener at es unstabl e novenent of
nagne??%ﬁt# h due to a deviation in the | ocal magnetic

5 CharaCteﬁlsggg at tp?Gedge °fm58§e hle% elghwhlch is

sensed by the GMR element when the magnetic shield 31
of the read head passes over a servo zone depends on
change in distance between the magnetic shield 31 and
the magnetic layer 23 below the shield, i.e., change
15 in combination of "m" and "d". In high density
recording, since the track pitch become small, the
window area of the shield (area of the portion
designated by the reference number 31 shown in

FIG. 9), which detects a leakage magnetic field from
20 the magnetic recording media, is reduced. At the edge
of the magnetic shield 31, magnetic characteristics
tend to be degraded due to defects or the like. It is
known that a magnetization (magnetic domain wall) is
likely to be pinned there and lead to a poor response
25 of the magnetic field. In addition, the reduction in
the volume of the magnetic shield 31 is likely to

cause thermal fluctuation problem. If the ratio of
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present inventors have deduced that such magneti zation
nmovenent can cause noi se. Then, the present inventors
fabricated media with various ratios of d/m and
examned their effect. As a result, it was found that
10 in the case where the ratio d/ mranges between 0.2
and 3, the noise can be reduced. By setting the ratio
d/m to the range of bet ween~0. 28 afAd 2, an

advant ageous effect of further noise reduction is

attain;d.,The val ue of d/mis determ ned degending on
the 1%/Bpbtdi tFESEi BRISF SHCAppafatbeti8Ad FESnghande in a

limted by, .the. I f.th Nt i on.

Furt HGPIT T Enb: EhGe (WABRBSERoTF B bt Fe" | Frads o8 becomes
| oci i :

{ecor R oo ot s ORTGhar L hAR L1 ey s ORS S vee not

20 | apgendttbhpitheqnangs of aexaginahi 9R. tht $66HF magnetic
that a change in magnetic flux is so fast that the
resposseradtethermagneti zaki edgésodetayesnivside the
magnetic shield and results in a suppression of the

unst abtesehocahvemgoesi zaveodestcadt thet bbweveagnatization
cl ear 25 reason renmai ns unidentified. Wen the noise

char ageeenent csanereuppvesifgat edhshnpmi FARI prapent ngavantors
having different track pitches, no such an unstable 17

noi ser #RE1oBERFVREILA YhENcHeELIQHEr E2EheSt PACR/Bi ¢EA

was 300 nm o a resu

. , t of ch '
T oWBREB e MBS S| AEPebel obf(§ BRASCT AcktplEREoppd that
has begn,foupd.8 {hate When:Lbecl kDRALaYELEChLY,b8al. 2 ana

ms or | ess an
3, the noise can be reduced. By setting the ratio d/m

to the range of between 0.25 and 2, an advantageous
effect of further noise reduction is attained. The
value of d/m is determined depending on the
specification of an apparatus, and is not limited by
the example of the present invention.

Further, in the case where the relative linear
velocity between the read/write head and the magnetic
recording media is higher than 11 m/s, noise was not
large within the range of examination. It seems that
a change in magnetic flux is so fast that the response
of the magnetization is delayed inside the magnetic
shield and results in a suppression of the unstable
local magnetization structure. However, a clear
reason remains unidentified. When the noise
characteristics were investigated similarly with media

having different track pitches, no such an unstable
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the track pitch of the magnetic recording nedia is
within the range of 50 nmto 300 nm there was
successfully attai ned an advant ageous effect of
suppressi ng noi se generation by defining the ratio d/m
10 in the range of 0.2 to 3. Wien the ratio d/mis 0.2
or less, sufficient signal intensity cannot be
obt ai ned. Since a nedia having &7track pitch of 50 nm
or | ess has not been exam ned, an advantageous effect
of the present invention has not been verified, though
15 t heoe$¢ eéds | abaxpeed el BRc aswant vyebtsteef BERChfPitch
the present invention can be attained in a

| ongi Y&di AP MRgREtTe fecording media, in which an

casy axis g5 IRangtizaLion s oLLegted; g, LBl 8tecne
recorgigg Pegéfocigymgﬁ&ht£ggke§§%cﬁ%'§toﬂa been found

magneti1 zation is orfented to th er pendi cul ar ,
d!r?CEhgﬂ,t@héﬁetﬂgdlﬁﬂe§%n§§lé@§t%eiyol§lﬁﬂ@'§raléss and
simlarly provided by converting change in | eakage
magnethe fretd pioduced thethegsbtetdreéabodshgnatdidbis
even in longitudinal recording or in perpendicul ar
recordingint bhieeskangaroéf pechmi soadfai ned berdewas
present invention. 18 EXAMPLES (Exanple 1) Discrete
tracksnedeashalivigabhtpiaperast pavenfedeshawalifACk &5,

1 or 2 and a sectional structure shown 5 in FIG 4
were FUPPFesFeQy nolse generation by defining the ratio d/m

in the range of 0.2 to 3. When the ratio d/m is 0.2
or less, sufficient signal intensity cannot be
obtained. Since a media having a track pitch of 50 nm
or less has not been examined, an advantageous effect
of the present invention has not been verified, though
the effect is expected.

An advantageous effect of the present invention
can be attained in a longitudinal magnetic recording
media, in which an easy axis of magnetization is
oriented to in-plane direction, or in a perpendicular
magnetic recording media, in which the easy axis of
magnetization is oriented to the perpendicular
direction to the media. Since the servo signals are
similarly provided by converting change in leakage
magnetic field produced in the shield into signals
even in longitudinal recording or in perpendicular
recording, the similar effect is attained by the

present invention.



First, a master plate serving as a tenplate for the
patterns of the discrete track nedia was fabricated.
A photosensitive resin was coated on a Si  substrate,
and then el ectron-beamis exposed to form 10 the

| atent images. An el ectron beam exposure apparatus
conprising a signal source for irradiating the

el ectron beamat a predeternrne&Stiﬁlng_and a stage
for nmoving the substrate mﬁ}h hi gh preC|S|03 Cor this
synchroni zed with the signal source was use 0

1% process. Patterns with fi G8MYHES of track pitches
(Tp) of 50 ég Am 200 nm 300 nm and 400 nm were
formed on t ster plate. By devel oping the

| at ent |nag§§ch@Et%Egékoﬁeeﬁgtﬁgé Qsaag %Rgge% Ehcture

were forned. 20 this resist
condushowe ih|FIG$ﬂslfQEn§da§¥ go@g@ﬂibﬁg l ructur? shown
sputtering. Next, a nickel ' mwt ness

5aboutlQOBI®1maSwefecfabpiééeQan t he conductlve film
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H gh- concentration nickel sulfamate plating solution

25 (NS- 1607iavai | abhesteonp Showas&hemgakbs (8. tehpUav@Sror
used for the electroplating. The el ectroform ng

condi tHoriR2 We? B asO f of hovilsamet e tketk sutdamates 600

/I L; oric acid: 40 g/L, Surfactant (sodium |l auryl
gul faft% ?fﬁ%dg/ 14 P t’t%ﬁ?rb?ﬂ?%%elf%&m gliassmattephpn a Si

3.8 téhﬁ%é&aégvjand then electron-beam is exposed to form
the latent images. An electron beam exposure
apparatus comprising a signal source for irradiating
the electron beam at a predetermined timing and a
stage for moving the substrate with high precision
synchronized with the signal source was used for this
brocess. Patterns with five types of track pitches
(Tp) of 50 nm, 120 nm, 200 nm, 300 nm, and 400 nm were
formed on the same master plate. By developing the
latent images, patterns of protrusions and recésses
were formed.

On this resist master plate, a Ni conductive film
was formed by conventional sputtering. Next, a nickel
film with a thickness of about 300 um was
electroplated on the conductive film. High-~
concentration nickel sulfamate plating solution
(NS-160) available from Showa Chemical Co., Ltd was
used for the electroplating. The electroforming

conditions were as follows:



Current density: 20A/dnR2. Then, the electrofornmed film
was stripped from the resist master plate, whereby a
stanper conprising the conductive film electroforned
film and resist 10 residue was obtained. Next, the
resi st residue was renoved by oxygen plasma ashing
process. The oxygen plasm ashing was carried out by
i ntroduci ng oxygen at 100 nt/mB to adjust the
pressure to 4 Pa in the chanber, and then igniting

pl asma at 100 Wfor 15 10 m nutes. The obt ai ned

st anper waliak¢ht pet famanpper 60Fhe/Lf at her st anper
itself can_be used as a stanmper for use in a
succeedlngB?ﬁb?lﬁF%ﬂg 690@2 Fbmever stanpers were

dupl d t.h 0
du | ot o DY eLepeal 19, Ll al SLEMenL LoBegLY s, o/,
an oxi de fé fﬁ@@én 5Hﬁar99 }Qe §yq§ace of the father

a

stanper by oxygen p |ng process simlar to the

5 step of regmvi posths fesgksknkesi due. An oxygen gas
was introduced at 100 m/min to adj ust the pressure to
25 4 Pa i nctheecbaabesitand2ohgamEhe fat her stanper
was subjected in the plasma under 200 Wfor 3
m nutes. Then, ghaiekettfoformad élémtwetoshedppad from
accordance - 20 wth the process as previously
describedregheh, m@%%erepb%¥$of%?ﬂ%@bY|@n$ﬁﬂ@?§¥r?%®@6181ng
fromthe father  stanper to obtain a er sta
mhlcht@%sc%nd?%VéY%eﬁl%@np?%?%tﬁ?f?ﬁ%e?afh%? s?gapE?SlSt
10 or 5 noth sta ersy %h the sane
conflfﬁﬁ ﬁ# YR R talne the resIst residue was

removed by oxygen plasma ashing process. The oxygen
plasma ashing was carried out by introducing oxygen at
100 ml/min to adjust the pressure to 4 Pa in the
chamber, and then igniting plasma at 100 W for

15 10 minutes.

The obtained stamper was a father stamper. The
father stamper itself can be used as a stamper for use
in a succeeding imprinting process. However, stampers
were duplicated by repeating the aforementicned
20 electroforming process to the father stamper. First,
an oxide film was formed on the surface of the father
stamper by oxygen plasma ashing process similar to the
step of removing the resist residue. An oxygen gas
was introduced at 100 ml/min to adjust the pressure to
25 4 Pa in the chamber, and then the father stamper was
subjected in the plasma under 200 W for 3 minutes.

Then, a nickel film was electroformed in accordance



obt ai ned by repeating the steps of obtaining the

not her stanper fromthe father stanper. Subsequently,
simlarly as the step of obtaining a nother stanper
froma father stanper, an oxide film 10 was fornmed on
the surface of the nother stanper, and an

el ectroforned fil mwas forned and then stri pped.

Thus, son stanpers having the sdffe patterns of
protrusions and recesses as those in the father

stanper were obtained. 15 The son_stanper was

subje%%EH EBet RECGPEF adBnPESV Rdh NgdpPeebRedf or Tlsen, the

t th_acet Then th
or SLECF BT 30 FnGELE O nof BLPRE L0 ufhntathes

P{ﬁgréggﬂg¥s éﬁ%b?%i§1%ﬁé?ggggcﬁbéﬁ?%%Z)%h ?% wa|Ssaa

20 S'f@@@r§@&pféﬂ§l§9§néf09ﬁéaf@tﬁ&rcgﬁémégﬁ SE{H€Sr more
fluorinated resin serving as a fluorine-based rel ease

5 agentmtiades nanpe FSLB288 avai & akd ecdh oMy &Ea Joshi Pare

silicone Co., Ltd.]. After the solution was bl own

W th @bmm bannep¢a ngnyasheastées ofitolbtha Bnimhd roigen

25 atnosphere at 120C for 1 hour. A resist prepared by
S1818n¢theides hameer aledh ablie £4tloer Rhorep@and heart h
Electron|cs Material Co., Ltd) - 21 diluted by 5

t|nEs MAth b?%%?P%ﬁEléiy%bmlh%ﬁbheﬁﬁtheeﬁﬁ%P atephteining

s coated on 1.8- 'P ﬂhdlSk substrate of
glass WT? %?s%??@%%%t T el § i Tk nesP ¥ - t%% PRkierfilm
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an electroformed film was formed and then stripped.
Thus, son stampers having the same patterns of
protrusions and recesses as those in the father
stamper were obtained.

The son stamper was subjected to the ultrasonic
washing process for 5 minutes with acetone. Then the
son stamper was immersed for 30 minutes or more in a
solution prepared by diluting with ethanol to 2%
fluoroalkylsilane (CF3(CFy)7CHpCH2Si(OMe)3) that is a
silane coupling agent containing chlorine-series
fluorinated resin serving as a fluorine-based release
agent [trade name TSL8233 available from GE Toshiba
silicone Co., Ltd.]. After the solution was blown
with a blower, annealing was carried out in a nitrogen
atmosphere at 120°C for 1 hour.

A resist prepared by S1818 (trade name, available

from Rhome and hearth Electronics Material Co., Ltd)



the son stanper to the resist at 450 bars for 60
seconds. Then, the stanper was stripped with vacuum
tweezers. The pattern had been transferred to the
resist film and then the protrusions and recesses 10

on the surface thereof were cured by UV irradiation

for 5 seconds. Then, it was annealed at 160C for 30

m nutes, and the whol e resist fi¥lm was cross- |inked.

In order to renove the resist residue fromthe 15
recesses on the di sk substrate, Rl E process was

appl | 881UEPAGPYxygBAMgEs W1 FReRIORVECBROBAESOUsMAGOREEDY ]

t t h th trat lied, At t
e BFRCh GBLahPngCUHE) R e FABC Ak CBePedr ai86hag: ok
to prQM ggr%@éegft Egés h Hb? BESS §¥|Qg dbgfe&gggkness

20 dept reces Fest fesi St

renovge QMeRkésygtngaexxasntgaéo and aTAe8 geegrgga§§ the
di sk substrate having a planer structure correspon I ng
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magneti c recording nedia was 25 fornmed on the dis
substthtesoA pedinpewi th ahkayesisst euctBnebatsNEAr (20

nm /CM (10 nm /CoCrPtTaB (15 nm) /C (3 nm was
deposbfedebyndput t Bneng. tlar boampe22wagCrtwapped with
deposited by CVD.. At this tinme, the substrate was
heateHaFBHTSGE?e?ﬁéﬁ p@P?IHéFBﬁépyéﬁﬁepeﬁﬁstraﬁﬁﬁﬁééed to

oo 2 HDLeRIL Lo, e, redl 20y ULpPLOD, ThECOELLY  oce.
VIbra&bnghgaggk%aggggggggg we&e Q%red by UV irradiation
for 5 seconds. Then, it was annealed at 160°C for
30 minutes, and the whole resist film was cross-
linked.

In order to remove the resist residue from the
recesses on the disk substrate, RIE process was
applied using oxygen gas. Then, RIE process using CFy
gas to etch the glass substrate was applied. At the
time of this etching, the RIE time was selected so as
to provide three types of substrates having different
depths of recesses. Then, the residual resist was
removed by RIE using oxygen gas, and a 1.8-inch glass
disk substrate having a planer structure corresponding
to either FIG. 1 or 2 was fabricated.

A longitudinal magnetic recording media was
formed on the disk substrate. A media with a layer
structure of NiAl (20 nm) /CrMo (10 nm) /CoCrPtTaB

(15 nm) /C (3 nm) was deposited by sputtering. Carbon



A magnetic recordi ng apparatus was fabricated using

the nmedi a. As descri bed above, patterns having five

types of track pitches (Tp) of 50 nm 120 nm 200 nm

300 nm and 400 nm were forned on the sanme 10 nedi a.

There were three types of nedia with the distance "d"

of 5 nm 10 nm and 20 nm respectively. The value of

"d" was eval uated with a cross-<éctional TEM The

cl ock of servo signals corresponded to the |Iinear
recording density was set to be 1 Mopi. 15 Conditions

for the) fYgFngeRerghedoPYsCHRy 18tnkisr ting, nhhfagubstrate
determ ned i dvan or the linear__velocities of 2
s 8o gen ety 8 IS0l o Moy BERAAISI L Tt Fas
types Lders . f efi,c 4t i ng
appar%?é%§%% ggc :ﬁ%gfyggggb?é %FS ?ggggré'naﬁﬁﬁgﬁg'

pressure andet Becskider yt ¥pecand hheiRr GRSULEtWRERed to be
adjusted. In addition, an apparatus for read/wite

5tests3abozeeopl! yi ngohetghly wasplabmhhgatedmeby¥r (vsM).
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preparing a slider capable of perform ng contact

oper ati on. A2hafhetieadeebenenty asppdreassawibRfsenscated

The width of the shield in the cross-track direction

was T5inen tThempdotect Avedesbnibadt Akoghi epdtiwasnaatieving

of 23  C whose thickness was 3 nm and the thickness

of thélvprbyeesi 9€ FrpfAkoPitRBeRedTR) waé aPsBma ArP nm,

Therﬁ£ e, th al ue of "Hh was 6 nm _11 n 16 pm or

21 nnf O thyar Bbs Bt GFfh ROt ARsVabpar AEUS aPB SHowiane

S1in Jggkg.l'There were three types of media with the
distance "d" of 5 nm, 10 nm, and 20 nm, respectively.
The value of "d" was evaluated with a cross-sectional
TEM. The clock of servo signals corresponded to the
linear recording density was set to be 1 Mbpi.
Conditions for the flying height of 5 nm, 10 nm, or
15 nm was determined in advance for the linear
velocities of 2 m/s, 6 m/s, 10 m/s, 11 m/s, and
12 m/s, where four types of sliders were used for the
magnetic recording apparatus in a chamber capable of
varying the pressure and the slider type and the
pressure were adjusted. In addition, an apparatus for
read/write tests at zero flying height was fabricated
by preparing a slider capable of performing contact
operation.

The read element used was a TMR sensor. The

width of the shield in the cross-track direction was

75 nm. The protective film on the shield was made of
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DC demagneti zation was carried out on the nedia by
perform ng erasing operation in which a

unidirectional magnetic field was applied fromthe
head. Then, tracking precision was estimated by the 10
tracking operation at arbitrarily selected 100
posi ti ons based on ABCD burst signals. The tracking
preci sion was defined as a 3a vdPue~cal cul ated by
collecting tracking error signals fromservo signals
by one round of a track. 15 As a result of

experf nEnPse BRtRbUGRSaVRSt RenMt rakRi Hge pkleerkpaps of the
were within 20% of . Tp at_the linear velocity of 12
T FEOURSTTERnG® LRap Lt RS TPAER: AGS pf bb st oR: wer e

varieg?gggfg?%ngtggT%€§¥gag e"8ﬁ gég]gtn$heliigﬁggégdnm, or

vel oci fh's. racki ng preci si ons

on d/m npre stpongly,thanron fhe, Lhnsag ygkgg&gyarghghown
results are shown in Table 2. In this table, "very

good"ihndisates. that the tracking precisions were
smal l er than 10% of Tp at all the |inear velocities;
"good" indbcatiesathatitheibvnaskksnga?2bipdecusi onstht media
all the linear velocities were 10%or nore and

snal |y paafor0dhofeTpsinpoogevdtiondicaveschtaat the
tracking precisions at all the linear 24 velocities

wer e 2024 bFeEbienadt Tpdnehed AlehgnedscaprEbedi hgom the
apparatus with high recision is, necessary, for

exanplre29i t Tgeﬁre?€?§5¥%g Pﬁ%?l?h%“tV%Ek?%ﬁl%?éﬁ?sFﬁnthe
LEKFZ%%%$%%ﬁé éﬁ?ga%QQ%Oét 2cdPe-E0L18 98PELaLaPyppOSe

positions based on ABCD burst signals. The tracking
precision was defined as a 30 value calculated by
collecting tracking error signals from servo signals
by one round of a track.

As a result of experiments, although all the
tracking precisions were within 20% of Tp at the
linear velocity of 12 m/s, it was found that the
tracking precisions were varied depending on the value
of d/m at the linear velocity of 1llm/s. The tracking
precisions depend on d/m more strongly than on the
linear velocity. The results are shown in Table 2.

In this table, "very good" indicates that the tracking
precisions were smaller than 10% of Tp at all the
linear velocities; "good" indicates that the tracking
precisions at all the linear velocities were 10% or
more and smaller than 20% of Tp; "no good" indicates

that the tracking precisions at all the linear
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internedi ate recording density intended to be supplied
i nexpensively, it is sufficient that the tracking
precision is smaller than 20% of Tp. Therefore, in

the case where the linear velocity is 11 nls or |ess,
10 it is preferable that the d/ mbe 0.2 or nore and 3
or less, nore preferably 0.25 or nore and 2 or |ess.
Table 1 h md d/md d/nd d/ m Cnnfénny (nm) (nm) (nm

0650. 83101. 67203. 33 51150. 45100. 91201. 82

101650. 31100 63201. 25 152150. 24100, 48200 95 cr) N 00
rH 0 felocptigsgvepe ¢py or more of Tp.

When a magnetic recording apparatus with high
precision is necessary, for example, it is preferable
that the tracking precision to be smaller than 10% of
Tp. For a general-purpose HDD apparatus with
intermediate recording density intended to be supplied
inexpensively, 1t 1is sufficient that the tracking
precision is smaller than 20% of Tp. Therefore, in
the case where the linear velocity is 11 m/s or less,
it is preferable that the d/m be 0.2 or more and 3 or

less, more preferably 0.25 or more and 2 or less.

Table 1
h m d d d
d/m d/m d/m
(nm) | (nm) | (nm) (nm) (nm)
0 6 5 0.83 10 1.67 20 3.33
5 11 5 0.45 10 0.91 20 1.82
10 16 5 0.31 10 0.63 20 1.25
15 21 5 0.24 10 0.48 20 0.95
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NOGC >1 7~ k-1 0 (0OCLn 'r 0>2-0 MO a) O
0O0GCG -0 0 O UZ26 After the further investigation
of the servo signals for sanples having poor tracking
precisions, it was found that |arge anmount of noise
superinposed on the servo signals nmaking the
linearity of the 5 tracking error signals poor, which
shoul d preferably be a fornrof2friangul ar wave. The
intensity of the noise was found to be fluctuated
even during nonitoring. It is deduced that the noise
was causedhAfter the further investigation of the servo
signals for samples having poor tracking precisions,
it was found that large amount of noise superimposed
on the servo signals making the linearity of the
tracking error signals poor, which should preferably
be a form of triangular wave. The intensity of the
noise was found to be fluctuated even during
monitoring. It is deduced that the nolse was caused
by unstable magnetic domains inside the shield as
described above, though it is still unclear. When the
d/m is smaller than 0.2, the noise is expected to be
small. However, it is not clear because no experiment
was carried out for that condition. With respect to a
media with Tp of 400 nm, no poor tracking precision
was observed at the linear velocities examined.
Next, tracking precisions were investigated for
the case where the d/m was 0.24, 0.31, 1.25, 1.82, or
3.33 using a head whose shield width was 180 nm. As a
result, results similar to those shown in Table 2 were
obtained at the all the linear velocities of 11 m/s or
less. Thus, it was found that degradation of the
tracking precision did not depend on the shield width
SO much.
(Example 2)
A so-called patterned media having a planar

structure shown in FIG. 3 was fabricated in accordance

with a method similar to that in Example 1. A glass



by unstabl e magneti c domains inside the shield as 10

descri bed above, though it is still unclear. Wen the
d/mis smaller than 0.2, the noise is expected to be
smal | . However, it is not clear because no experinment

was carried out for that condition. Wth respect to a
nmedia wiwth Tp of 400 nm no poor tracking precision 15
was observed at the |inear veloéi’ties exam ned. Next,
tracking precisions were investigated for the case
where the d/ mwas 0.24, 0.31, 1.25, 1.82, or 3.33

usi ngdas kehavihese ShaBeEeti afhOwRE i1BONnHRS Adsgd as a
result, results simlar to those shown in Ta

2 were
20 obPHPAEEAHE - t hE*RF FCRheOT | NEarsvel bePtfes of 195 h g7 506
Cr ackiy BPBLTST ofP drB° notCaEheng o TRE KOS &M dERe

tracki hg precision depen

SO nugbam%%gafﬁéﬁtgéagsté §9ﬁ€aikegxgﬁégggfagggegﬁﬁrinted

havi ng a nar structure shown in

s5fabrigatedei BuBsELEHANCEN W hbnai feLhodpskall a8 2ooe°c,
that in Exanple 1. A glass 27 disk having a dianeter

of 0.8beraich Wwhsedsed asrmingubstrates. Fabhieattppes of
process was as follows; an SOG was applied on the
substsabet bytepi hacoayi agffehent stdappes pleneteasesowere
that in Exanple 1 was inprinted 5 on the substrate, .
and theAricawed BrukeprhylpgORIE eheregbyFdi FectPy, in which
formng patterns. Three t es of substrates having
diffngﬁtRaEthgeoVaFeﬁ%gggg Wete fabricated by

10applying RkEpg§£29d§gglgg %ggaekgcmggggrding film was
formed on the substrate by sputtering. A layered
structure was as follows: a substrate/FeCoTa soft
magnetic underlayer (60 nm) /Ta (5 nm) /Ru (10 nm)
/CoCrPt (15 nm) /C (3 nm). Substrate was not heated.
15 Carbon (C) was formed by CVD. After the media was
removed from the sputtering chamber,
perfluoropolyether was applied as a lubricant to the
media by dipping.
The coercivity of this media was estimated to be
20 4500 Oe by a vibrating sample magnetometer (VSM).
The aforementioned magnetic recording apparatus
was fabricated using the media. As in Example 1,
patterns having five types of track pitches (Tp) of
50 nm, 120 nm, 200 nm, 300 nm, and 400 nm were formed
25 on the same media. There were three types of media
with the distance "d" of 5 nm, 10 nm, and 20 nm,

respectively. The value of "d" was evaluated with a
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the RRE time was controlled. 10 A perpendicul ar

magnetic recording filmwas fornmed on the substrate

by sputtering. A layered structure was as follows: a
substrat e/ FeCoTa soft nagnetic underlayer (60 nm /Ta

(5 nm /Ru (10 nn) /CoCrPt (15 nm) /C (3 nm.

Substrate was not heated. 15 Carbon (C) was forned by

CVD. After the media was removéd fromthe sputtering
chanber, perfl uoropol yether was applied as a

| ubricant to the nedia by dipping. The coercivity of
this FEEFA-GASTEeRAalBY- t oCBRIIDHONS0RE Cehpyfaying height

i brati t onet VSM . . Th ,
fZl'f gi cHEnti Beq . mBe 7t Fecoralig SpparSedsinyagrance for

. US| Ted] a. ' 1,
hant nERRAHBLROE TECTPELE: ofoal By EXBPRT -1 1aPRYLP BF /s,

nm ZQanﬂh ﬁﬁg DM napd, 400, paLwskesi onaed BD 8NatR8y the
same nmedia. There were three types of nedia "wth the

di st apggnedicotebohBindOapphradds2@nna chafBpeCtayebYe of
The value of "d" was evaluated with a - 28
crossvsegtingnahe TEbksSondj t wbaseothehelifigrngyhei ghtt the
of 5 nm 10 nm or 15 nmwas obtained in advance for

t he | pneasuye| webt fdsusted. nf Bn Bprppsatus appable afszero
and 12 mls with four types of sliders b glacing the 5
magnef i ¢iracbedohf éﬁéﬁ(ﬁfa§eiﬁeétcﬁéﬁb£ﬁ Ehpabfe BY using

varying th ressure, where the slider type and the
press%r%l%§§ga8?8§Fia.OﬁnCSBEQFEtBQGEQEé%Be of zero

flying height readiwriig fast, vas-LaEhGALeYcRY) YalRIsensor

having NOL for the spacer layer was used as a read
element. The width of the shield in the cross-track
direction was 75 nm. The protective film on the
shield was made of C whose thickness was 3 nm, and the
thickness of the protective film of the media was also
3 nm. Therefore, the value of m (41) was 6 nm, 11 nm,
16 nm, or 21 nm. The values of d/m in this apparatus
are shown in Table 1, as in Example 1.

DC demagnetization was carried out on the media
by performing erasing operation in which a
unidirectional magnetic field was applied from the
head. Then, the tracking precisions were estimated in
the same manner as in Example 1.

As a result of experiments, although all the
tracking precisions were within 20% of Tp at the
linear velocity of 12 m/s, it was found that the

tracking precisions were varied depending on the value
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a slider capable of contact operation. 10 A

current - per pendi cul ar-to-pl ane (CPP) GVR sensor

having NCL for the spacer |ayer was used as a read
element. The width of the shield in the cross-track
direction was 75 nm The protective filmon the

shield was made of C whose thickness was 3 nm and the
15 thickness of the protective £l mof the nedia was
also 3 nm Therefore, the value of m(41) was 6 nm

11 nm_ 16 nm or 21 nm The values of d/min this
appar@t U@/ Maie ShewhipfaTapeboditusof nl Braspl eThe Dracking
demagneti zati on s carried, out on the nmedia 20 by

per f ?ﬁ‘hb“e?%%i%i\%p%rb%r%&li%ﬁmilﬁoﬁﬁi%ﬁr%ngly than to the

unidirectional . magnetic field was a
{ Fa

| f th
head. - THeht YHECT %ki%@dp?%cV§F%n%gaE%gg%s%?g%TéﬁaFnto

th ' | t_of "
exper ot o arrAiRbh BT Phettos Folkki o br L2 dns
were wWdidde 20% 08 Tphate thewihdneal-vel 96itye Pt d2a11er

ms, it was found that the tracking precisions were

vari ethaependb ngronat hel vate 2oheof Mmattibs; | vassar
velocity of 11lm's. The tracking precisions depend on

d/ m norél satremgihat hare torddleing i peari veboei 4y, a Bhdtlas
were in Table 2 sinmlar to those in Exanple 1. In

thi s Yiamtar vedqql yood "were ntd taeesneratandesnahbks nghan
precisions_were smaller than 8%of Tp at all the

| i neadr® Vel ociRi €10 "¢Ri" 1nthiraer esthidatt et sadeking

precisions at all the linear velocities were 10% or

noregﬁﬁf%ﬁﬁﬂq%ﬂaRFéh# the linear velocities were 20% or
more of Tp. As in the case of Example 1, when the
linear velocity was 11 m/s or less, it was found to be
preferable that d/m be 0.2 or more and 3 or less, and
more preferably 0.25 or more and 2 or less. This
result seems to indicate that the noise generation
depends on aforementioned magnetization instability
inside the magnetic shield more strongly than the
difference in the recording system between
longitudinal and perpendicular. With respect to a
media with Tp of 400 nm, no poor tracking precision
was observed at the linear velocities examined.

A description will be given with respect to a
material and layer structure for each layer of the
magnetic recording media according to an embodiment of
the present invention.

<Substrate>

As a substrate, for example, a glass substrate,
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20% of Tp; "no good" indicates that the tracking 10
precisions at all the linear velocities were 20% or

nore of Tp. As in the case of Exanple 1, when the

i near velocity was 11 m's or less, it was found to be
preferable that d/ mbe 0.2 or nore and 3 or |ess, and
nore preferably 0.25 or nore and 2 or less. This 15
result seems to indicate that the noi se generation
depends on af orenenti oned magnetization instability

i nside the magnetic shield nore strongly than the

di f f et RIS ehea F eor iRt 53/ em et smeycs substrate, a

| ongi tudi nal and perpendi cular. Wth respect to a 20
o E A TR 0 b ST 1S T U S B and

was obsery a e linear velocities examned. A
descr% P iloln ?M%?r% EDee nglsveeé:]“ vv|§ arné%rp[grg:?uﬁ oqn‘JLaaSSmﬁrerei1 al

and | r t td

Focor R et & AcEord ng Lo Srboth rent Sr By Therate:
presefie i NSO FRUDPSt AL BRIe NSa 8 SAPSE 11d eﬁléé&, an
exanpl e, a glass substrate, 30 an Al -based alloy

substd aireln@s Lkl e € Sg Sadistdatehe al i lgay bormes usystad Bl ized
a Si single crystal substrate and the |ike can be
used.g s anorpholss @ asstlorura lwarsesd abt ool gl zed ghass or
be used as the glass substrate. 5 The anorphous gl ass

i ncl udes bllsvda 43 Mgyl eesanbes weet fR5st 1 i tree gtassee
or the Iike. The crystallized glass jncludes a

i thi%ﬁﬁ%a%e%il%"r%?%lmﬁ”zee’al?ﬁ BSOS TAHE FIRRN I thet

ceranics substrate, there can be . 1 .
aluminum oxice, aluminum nitride, silicon nitride or

the like. Fiber-reinforced sintered materials
described above or the like can be used. A Si single
crystal substrate, a so-called silicon wafer may have
an oxide film on its surface. A material, in which a
NiP layer is formed on a surface of the above metal
substrate or non-metal substrate by plating or
sputtering, can be used.
<Underlayer>

An underlayer is used for controlling the
crystallinity and grain size of a magnetic recording
layer and improving the adhesion. An underlayer
material used for current magnetic recording media can
be used. An underlayer may be composed of a plurality
of layers in order to efficiently achieve the
aforementioned purposes. An underlayer may be made of
a metal or a dielectric or a mixture thereof. The

surface of the underlayer may be modified by ion




used a sintered material consisting essentially of 10
al um num oxi de, alumnumnitride, silicon nitride or
the like. Fiber-reinforced sintered materials

descri bed above or the Iike can be used. A Si single
crystal substrate, a so-called silicon wafer may have
an oxide filmon its surface. A material, in which a
15 NiP layer is formed on a surf3dce-of the above netal
substrate or non-netal substrate by plating or
sputteringt can be used. <Underlayer> An underl ayer
is ustdrfatatenbrer| fag ekpog0rer ystiakhieniltijkeand grain
size of a nagnetic recording |ayer and inproving the
adhesi on. ARSUHBERFaP¥ETr avePFaP B36HELOE davesnt In
magnetic recgrdin nedi a can be used. An underl ayer

may bR EbhPRsREr of atPruFaPtt YReEF PalefReFACoFEEPrEHNT
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be nodified by ion 31 irradiation or gas exposure

the liket magnamnderhayerl apyr besar megneti g1 §RYSErmddbility
particular, in the case where a magnetic recording

| ayerand aageropénai pel pendi grudat c nbgaetdindilsyen 05

cal |l ed perpendi cul ar doubl e-layered nedia, in which a

sof t Teametdc eanidre ayeed ( SUhe wso fit higdm et ceabdéityyer of

and %ggsrpendicu]ar nagnegic recording |layer are

st acKetf RArP e Leeth r THeulkbs t Ll aveped i kediricpd ayes of
recording magnetic field from a recording magnetic
pole. This underlayer is provided to return the
recording magnetic field to a return yoke allocated in
the vicinity of the recording magnetic pole. That is,
the soft magnetic underlayer shares a part of the
function of the write head and improves recording
efficiency.

A material having high permeability including at
least one kind of Fe, Ni, and Co is used as the soft
magnetic underlayer. Such materials include: a FeCo
based alloy such as FeCo or FeCoV; a FeNi based alloy
such as FeNi, FeNiMo, FeNiCr, or FeNiSi; FeAl based
and FeSi based alloys such as FeAl, FeAlSi, FeAlSiCr,
or FeAlSiTiRu, or FeAlO; a FeTa based alloy such as
FeTa, FeTaC, or FeTaN; and a FeZr based allow such as
FeZrN.

For the soft magnetic underlayer, there can be

used a fine crystalline structure such as FeAlO,



t he perpendi cul ar doubl e-1ayered nedia passes a 10
recordi ng magnetic field froma recordi ng magneti c
pol e. This underlayer is provided to return the
recording magnetic field to a return yoke allocated in
the vicinity of the recording nagnetic pole. That is,
the soft magnetic underlayer shares a part of the 15
function of the wite head and BBproves recording
efficiency. A material having high perneability
including at | east one kind of Fe, Ni, and Co is used
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FeTa ggs d g#kgx such as FeTa FeTaC or FeTaN, and a
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crystalline structure such as FeAIO 32 FeWMyO, FeTaN,

and Fedsadtoapéa) ntRgr&0cahtbef ubed 8rcoaafiadpPukdhtaining Co
structure, in which fine crystalline particles of

aboveangnéi obhedstatdeei hisdavé drspefsedb, i Dag Wairaxd Y.
5 As another material for the soft magnetic
under?é?é?raPhére8@aﬁt%eons©@r% ch @bl by eontaingdg CBhen
and at | east one_kind_of Zr , Nb, Ta, Ti, and Y.

Pref efablye 80 at4%06r fhbrel %fd%ﬁoﬁét%ﬁn?élﬁ@ﬂttV%éﬁg

process, an amorphous layer is easily formed. The
amorphous soft magnetic material shows very excellent
soft magnetic property because of the absence of
crystalline magnetic anisotropy, crystalline defect,
or grain boundary. In addition, low media noise can
be achieved by using the amorphous soft magnetic
material. The preferred amorphous soft magnetic
material can include, for example, CoZr, CoZrNb, and
CoZrTa based alloys or the like.

Under the soft magnetic underlayer, an underlayer
may further be provided for the purpose of improvementz
of crystalline property of the soft magnetic
underlayer or for the purpose of improvement of
adhesion to a substrate. As an underlayer material,
there can be used Ti, Ta, W, Cr, Pt, or an alloy
including these elements or an oxide or a nitride of
these elements.

An intermediate layer made of a non-magnetic



such a Co alloy filmis deposited by sputtering 10
process, an anorphous |layer is easily fornmed. The

anor phous soft magnetic material shows very excell ent
soft magnetic property because of the absence of
crystalline nagnetic anisotropy, crystalline defect,

or grain boundary. In addition, |ow nedia noise can 15
be achi eved by using the annrph@és Soft magnetic
material. The preferred anorphous soft magnetic
material can_include, for exanple, CoZr, CoZrNb, and
CbZrT%aB§§éﬂlaWP6y§e PrevedprkeetyneBr thfesgéft magnetic
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An internedi ate | ayer made of a non-magnetic 33

mat ertal comyrbe prpvidedibetween the setbronggeliger. As a
under | ayer and the perpendi cul ar nagneti c recording

| ayermaTpeiadl égrofhehentareedbdtat bayayertheeet oan be used
suppress an exchange coupling interaction between the
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For the purpose of preventing spike noise, a soft
magnetic underlayer consists of a plurality of layers,
in which Ru having thickness of 0.5 nm to 1.5 nm is
sandwiched so as to generate anti-ferromagnetic
exchange coupling interaction. A soft magnetic layer
may be exchanged coupled with a pinning layer made of
a hard magnetic layer having in-plane anisotropy such
as CoCrPt, SmCo, and FePt or an antiferromagnetic
material such as IrMn or PtMn. In these exchange
coupled cases, in order to control the exchange
coupling force, magnetic layers, for example, Co, or
non-magnetic layers, for example, Pt may be stacked on
and under the Ru layer.
<Magnetic recording layer>

As a magnetic recording layer, a perpendicular
magnetic film, in which an easy axis of magnetization

is oriented in the perpendicular direction to the
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el ements. For the purpose of preventing spi ke noise, a
soft magnetic underlayer consists of a plurality of

| ayers, in which Ru having thickness of 0.5 nmto 1.5
nmis sandw ched so as to generate anti-ferromagnetic
15 exchange coupling interaction. A soft magnetic

| ayer may be exchanged coupfed3#th a pinning |ayer
made of a hard magnetic |ayer having in-plane
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direction to the 34 nedia, or an in-plane naghetic

fi | mcdns et iohy ars sasyia By SoOfcapanet | &adh®Ne ] Sa copt
oriented in the in-plane direction, can be used.

Lar g& Ineghet iThaniantatopy remerdynears per pief es@bhdde of a
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magnetic recording layer.

The magnetic recording layer may be a so-called
granular media in which magnetic grains (crystalline
grains having magnetic property) are dispersed in the
layer. In the case of a discrete track media, the
linear recording density seems to be determined by a
similar mechanism to that of the conventional media.
Thus, it is preferable to use a granular media which
is known to improve linear recording density in the
conventional media. In the patterned media shown in
FIG. 3, linear recording density is determined
depending on processing precision, and thus, a
magnetic film having a non-granular fine structure may
be used.

The magnetic recording layer can contain one or
more kinds of elements selected from B, Ta, Mo, Cu,

Nd, W, Nb, Sm, Tb, Ru, and Re, in addition to Co, Cr,
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preferred to use a Co oxide, a silicon oxide, a 10
titani um oxide, or an oxide of metals constituting the
magnetic recording |ayer. The magnetic recording |ayer
may be a so-called granular nedia in which nagnetic
grains (crystalline grains having magnetic property)
are dispersed in the 15 layer. In the case of a
discrete track media, the |inedb recording density
seens to be determned by a simlar nechanismto that
of the conventional nedia. Thus, it is preferable to
use aFfraftifapinedidewhheheofs khbmmetelémpnoveakiénear

cor dj density in the 20 conventional media. In the
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arti 11 &l° 139 & cbtB IS Iy deafrehiriand axeand Aobletered
et ala l(lsolﬂzcrbfa%a%tneacnidc/ oerl eFr)nde)ntf o(rFen%nnyd olrneCSo) and noble
metal (Pt and/or Pd) can also be used.

The magnetic recording layer may have a
multilayered structure. High density recording can be
achieved by using a stacked magnetic recording layer
made of two or more magnetic layers each having
different magnetic characteristics. The magnetic
recording layer may be a stacked layer structure
including a plurality of magnetic layers and a
plurality of non-magnetic layers. For example, in the
case of a longitudinal media, it is known that a Ru
layer interposed between a plurality of magnetic
layers induces anti-ferromagnetic exchange coupling
and improve linear recording density. Therefore, this
technique may be used for the present invention.

The thickness of the magnetic recording layer 1is
preferably 2 nm to 60 nm, and more preferably 5 nm to

30 nm. Within this range, a magnetic



may be used as a magnetic recording |layer. An ordered
10 all oy of nmagnetic el enent (Fe and/or Co) and noble
netal (Pt and/or Pd) can al so be used. The magnetic
recording |ayer may have a nultilayered structure.

H gh density recording can be achieved by using a

st acked magnetic recording |ayer 15 nmade of two or
nmore nmagnetic |ayers each having® dirfferent nmagnetic
characteristics. The magnetic recording |ayer may be
a stacked layer structure including a plurality of
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preferably 2 nmto 60 nm and nore preféerably 5 nmto

30 nmayithéncéblis cange, & ABPASELELios6output becomes
recordi ng/ reproduci ng apparatus suitable to high
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(3000 Oe), there is a tendency that thermal stability
deteriorates.
<Protective layer>
A protective layer has a function of preventing
15 corrosion of a magnetic recording layer and of
preventing damage on the media surface when a magnetic
head comes into contact with the media. A material
for the protective layer can include a material
containing C, Si-N, Zr-0O, or Si-N. It is preferable
20 that the thickness of the protective layer be between
0.5 nm to 10 nm. When the thickness of the protective
layer is within the above range, a distance between
the head and the media can be reduced. Thus, this
range 1is suitable to high density recording.
25 <Lubricating layer>
As a lubricating agent, there can be used

perflucrcocpolyether, a fluorinated alcohol, a



magneti c recording |ayer be 237000 A/m (3000 Ce) or

10 nore. If the coercivity is less than 237000 A/ m
(3000 Ce), there is a tendency that thermal stability
deteriorates. <Protective |ayer> A protective |ayer
has a function of preventing 15 corrosion of a
magneti c recording |ayer and of preventing damge on
the nedi a surface when a magnet 8¢ head cones into
contact with the nedia. A material for the protective
| ayer can include a material containing C, Si-N,

Zr - O férosinptedt casbprit efapred2anghahet heékehi ckness
of the protective |ayer be between 0.5 nmto 10 nm
When the thickness of the protective layer is within
t he above range, a distance between the head and the
nmedi a can be reduced. Thus, this range is suitable to
hi gh density recording. 25 <Lubricating |ayer> As a

| ubricating agent, there can be used

perfl uoropol yether, a fluorinated al cohol, a 37
fluorinated carboxylic acid and the |ike. - 38 WHAT
IS CLAIMED I'S: 1. A magnetic recordi ng apparatus
conprising: a magnetic recording nedia conprising: a
substrate on which patterns of protrusions and 5
recesses corresponding to a servo zone and patterns of
protrusi ons and recesses corresponding to a data zone



are

formed, and a magnetic |l ayer on the substrate; a

spi ndl e notor which rotates the nagnetic recording

medi
be

a; and 10 a read/wite head nmounted on a slider to
positioned in a state of flying over the magnetic

recording nmedia, the read/wite head including a pair
of magnetic shields and a gi ant magnetoresi stive
el ement sandwi ched between the A8gnetic shields, 15

wher

ein a track pitch in the data zone of the magnetic
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claim1l1l, wherein the value of d/mis 0.25 or nore
2rer féemssd, 3andhe magnetic begerdongtappauksusate;
rding to claim1l, wherein the magnetic recording
a i s aabsbongleudphakr whiabt Fetpeeesr thagnpedeaics.
n?gggiéfnéeggégg?gagpparatus according to

a read/write head mounted on a slider to be
positioned in a state of flying over the magnetic
recording media, the read/write head including a pair
of magnetic shields and a giant magnetoresistive
element sandwiched between the magnetic shields,

wherein a track pitch in the data zone of the
magnetic recording media is 20 nm or more and 300 nm
or less, a relative linear velocity between the
read/write head and the magnetic recording media is 11
m/s or less, and, when a distance from the magnetic
shield of the read/write head to the magnetic layer on
the protrusions of the magnetic recording media is
defined as "m" and a distance between the magnetic
layer on the protrusions and that on the recesses in
the servo zone of the magnetic recording media is
defined as "d", a ratio of d/m is 0.2 or more and 3 or

less.

2. The magnetic recording apparatus according to



claiml, wherein the magnetic recording nediais a
per pendi cul ar magneti c recordi ng nedi a.

- 39 -

claim 1, wherein the value of d/m is 0.25 or more and
2 or less.

3. The magnetic recording apparatus according to
claim 1, wherein the magnetic recording media is a
longitudinal magnetic recording media.

4. The magnetic recording apparatus according to
claim 1, wherein the magnetic recording media is a

perpendicular magnetic recording media.



