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TI TLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C DI SK
APPARATUS BACKGROUND OF THE | NVENTI ON One enbodi nent
of the present invention relates 5 to a perpendicul ar
magneti c di sk apparatus. Mgnetic di sk apparatuses are
m demanded to i nprove recording densities.
to inprove the recording density is to
reduspesst he recording track-wi dth- thereby increasing
the track 10 density. However, as the track density
I ncreases, overwite characteristics becone worse.
Thus, there is a denRDHEfOF THPr DN¢REMIONN overwite
characteristics. Conventionally, in order to inprove
t he RERRMIDIQULAR MAGNERI@rPESK CAEPARRTES has been
proposed a perpendi cul ar magneti c head which
i ncl udes, in addBAHFRYND A T H501 VAT PN et ur n
pole, a third ole that s _provided on.the Ieading
side of tHEE ndl Odb‘BfF%tV\?’%ht © HoFRBGREL FRVERFHPD rElates
i nt er posed t her ebetween 20 (see . Pat. pl n. KOKAI
Publ L T R SObi Saene ae TET Ao EdPge
function cl Lc.Lhte r
recordinéa%%%%ﬁggn&fgﬁgggggﬁgg%é %z% ?oﬁggé%gp géyon

the q@AidB PN & hinp t KA VG- SiEen OTad €1 FBLE, POA €5 RHSon

preventing 25 degradation in overwite

char@actigidsdve&€Sthe recording density is to reduce the
recording track width, thereby increasing the track
density. However, as the track density increases,
overwrite characteristics become worse. Thus, there
is a demand for improvement in overwrite
characteristics.

Conventionally, in order to improve the overwrite
characteristics, there has been proposed a
perpendicular magnetic head which includes, in
addition to a main pole and a return pole, a third
pole that is provided.on the leading side of the main
pole with a nonmagnetic film interposed therebetween
(see Jpn. Pat. Appln. KOKAI Publication
No. 2004-5826). The third pole has a function of
reducing magnetic interference on a recording position
due to magnetization recorded on the medium on the
leading side of the main pole, thus preventing
degradation in overwrite characteristics.

In this document, however, no detailed analysis

is made on the overwrite characteristics. It is thus
A ViVIVIY P
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In this docunent, however, no detailed analysis is
made on the overwite characteristics. It is thus

uncl ear whether the overwite characteristics are
enhanced under the nobst severe conditions. In

addi tion, this perpendi cul ar magneti c head incl udes
the third pole additionally, which nmakes manufacturing
5 thereof difficult. There s Rnown a nagnetic disk
apparatus wherein the magnetic wite track wi dth (MW
is set at 1.0 amor less, and a difference between

t he uragireetyi ovhawlidr theackvemvdt it MNAraarite t et ey et ¢
read track 10 width (MRW is set in a range between

0. 2 gvhaaed ol seaniin. sevare Appidiit ko  In
Publ i cation No. 2002-150507). This docunment discloses
t hatadgjdd'dl Noverird (RETRPACHG A 5 Madnedat Reasbt Higeedes

B
a Ior?gqt ﬁéSIOgJP C%C? S %U%k}hovg%/er maansusyacturlng

appanat appllcable to a perpendi cul ar
recgr%fr%d t%kgffrmgngctl c disk apparatus. BRI EF SUMVARY

O THE 1NV O 300 e dhdynd 00 bl aentyf e

present invention, there IS provi pendlcular
MegnRAld:eirfitte RRATALUS WY 1N WA JBINQIHW) diskset at

i ncluding a
1.0 um or less, and a difference between the magnetic
write track width (MWW) and the magnetic read track
width (MRW) is set in a range between 0.2 um and
0.8 um (see Jpn. Pat. Appln. KOKAI Publication
No. 2002-150507). This document discloses that good
overwrite characteristics can be obtained with this
design.

This document, however, assumes a longitudinal
recording-type magnetic disk apparatus, and is not
applicable to a perpendicular recording-type magnetic
disk apparatus.

BRIEF SUMMARY OF THE INVENTION

According to one embodiment of the present
invention, there is provided a perpendicular magnetic
disk apparatus comprising: a magnetic disk including a
soft underlayer and a perpendicular magnetic recording
layer; and a magnetic head comprising a write element
including a main pole, a return pole and an exciting.

coill, and a read element including a magnetoresistive

film and a pair of shield films disposed to sandwich
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soft underl ayer and a perpendi cul ar nmagnetic recording
| ayer; and a magnetic head conprising a wite el enent
25 including a main pole, a return pole and an
exciting. <coil, and a read elenment including a
magnetoresistive filmand a pair of shield filns
di sposed to sandw ch the nagnetoresistive film
wherein a magnetic read track3width (MRW which is
read by the nmagnetoresistive filmis set to be

smal ler than a magnetic wite track width (MW for
sugmabsmagnmuma¢su$umvaaﬁnbmrnwham¥QU@n®wgn§M4§:read
DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAWNG A
genéralickamdiithe MR tHeCh il erfdft Pyt Hd© vari ous

feature of the invention will now be described wth

r ef BRAGREE X6 SR Tdreaiiings . L STRE [dr'dni Iy S Hhd e g 2
oS L S ALY £ 4R L e
of ng I §QQHdﬁqfﬂé(% 93 a perspective view of a

nagnetlc Us daccording to an enbodi nent of

t he ﬁﬁ?ﬁ?nbESéﬁlP@Ygﬂtb@nTHﬁl§EV%Rhi @I@W@S@ESQQE'®@@WING
view of a magnetic disk according to an enbodi nent of

the inventiherdl Grchitfed GFOSENHECL et ewld a
wite elenent and a read el enent included in the

magRetdious2 § daaad eaaecordiend rive radi catriyaidi Imerdw dfe tdeescribed

invention; FIG 4 is a graph showng track profiles

af t eri tdv erafieirteqeOll9 tihe |dregiingd nalThecbralingarmhd the
associated descriptions are provided to illustrate
embodiments of the invention and not limit‘the scope
of the invention.

FIG. 1 is a perspective view of a magnetic disk
apparatus according to an embodiment of the present
invention;

FIG. 2 is a cross-sectional view of a magnetic
disk according to an embodiment of the invention;

FIG. 3 is a cross-sectional view of a write
element and a read element included in the magnetic
head according to an embodiment of the invention;

FIG. 4 is a graph showing track profiles after
overwrite (OW1l) in longitudinal recording and
perpendicular recording;

FIG. 5 is a graph showing track profiles after
overwrite (OW2) in longitudinal recording and
perpendicular recording;

FIG. 6 is a view showing definitions of MWW and
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per pendi cul ar recording; FIG 5 is a graph show ng

track profiles after 25 overwite (OA) in

| ongi tudi nal recording and perpendicul ar recordi ng;

FIG 6 is a view show ng definitions of MAWand MRW

FIG 7 is a graph showing a relationship between a
recordi ng density and MAW i n | ongitudinal recording

and perpendi cul ar recording- 54FIG 8 is a graph

showing a relationship b etween OA and a bit error

rate (BER) in perpendicular recording; FIG 9 is a

gr aplRWwshow ng Max OM2 and a double peak w dth (DPW;

10 FIG 10 is a graph showing a relationship between

Max ON2 s DPWisimd raph 1shewing g2 aphil shbonslyim between
rel ati onship between Hc of a magnetic di sk and MW
DETA RSN TN tOF 2rME MHWVENT] (RIS Wi phstecording

enbodkgents ac.orqln to the invention wll be
des@i ébc?’?eer‘gli%f ae’? WIH +et%rence to the
: , G : : :
o oot 1 Sk T it it fod £ SPERL o Enth T Pleen

of 112G 4 jan. FI mRgoet
di sk O%rngﬁ%l}onlt%%fo%yr:rgsdp%diElei%)l.ﬁAr#%%?%ator %1%%1 53

is rdaablnyg; attached to a pivot 52 that is disposed
near the

FIG. 9 is a graph showing Max OW2 and a double
peak width (DPW);

FIG. 10 is a graph showing a relationship between
Max OW2 and DPW; and

FIG. 11 is a graph showing a relationship between
Hc of a magnetic disk and MWW.

DETAILED DESCRIPTION OF THE INVENTION

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

FIG. 1 is a perspective view of a magnetic disk
apparatus according to an embodiment of the present
invention. In FIG. 1, a magnetic disk 10 is mounted
on a spindle 51. An actuator arm 53 is rotatably
attached to a pivot 52 that is disposed near the
magnetic disk 10. A suspension 54 is attached to a
distal end portion of the actuator arm 53. A head
slider 55 is supported on a lower surface of the
suspension 54. A magnetic head 20 comprising a write

element and a read element is disposed on an end face
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magnetic di sk 10. A suspension 54 is attached to a

di stal end portion of the actuator arm 53. A head 25
slider 55 is supported on a |ower surface of the
suspensi on 54. A magnetic head 20 conprising a wite
el enent and a read elenment is disposed on an end face
of the head slider 55 so as to face the nagnetic disk
10. FIG 2 is a cross-sectionaP vicew of a magnetic

di sk according to the enbodi nrent of the present 5

i nvention. The magnetic disk 10 has a structure that

a sofft theddrdayeyliider &b o9 eam dtd orparithoImagelyia 3,
a perpendi cul ar magnetic recording |ayer 14 and a
protd@k vd | ayer 15 are stacked in this order on a
nonmagneti c substrate 11. Each | a erlgggwbe conposed

10 of a pilffald t3s ot FFOFR-SFRNL the 7T RayC
be f d of terials havi iff it .
P allsh e Foatell o i AmRh STt (e I (% Yo
Jq. | . ; | .
g(r:]c&:n i Silgt ogﬂfﬂgTﬂe%#%nlgoél%?@%énﬁ on. Ih%prewthat

Wi te s%ﬁ"‘ﬁfﬂdéﬂ%}f@eslﬂ M %:{%Oér@cgtlidwieéhhsolf SR 13,

of a high-permeability material that generates a
per peyd rhdrli dgetnfgdd el & trdheinmanefd e ™ sdnd &

a return pole 22 which is disposed on the trailing

Si deraft ddiel vani Ia ot €1 2 la wnds trasked fimcthiion éxoded on a

efficiently close a magnetic path via the soft

underdransgme tine ds it el na e | ol t HEa ohai ke ypof enaarkk aromposed

exciting coil 23 which is wound around the nagnetic
of a plurality of films. For example, the films may
be formed of materials having different compositions.

FIG. 3 is a cross-sectional view of the write

element and read element included in the magnetic head
20 according to the embodiment of the invention. The
write element includes a main pole 21 which is formed
of a high-permeability material that generates a
perpendicular magnetic field to the magnetic disk 10;
a return pole 22 which is disposed on the trailing
side of the main pole 21 and has a function to
efficiently close a magnetic path via the soft
underlayer immediately below the main pole; and an
exciting coil 23 which is wound around the magnetic
path including the main pole 21 and the return pole
22. The return pole 22 may alternatively be disposed
on the leading side of the main pole 21. The read

element includes a magnetoresistive film 24, and

shield films 25 and 26 which are disposed on the



10

15

20

25

path including the main pole 21 and the return pole

22. The return pole 22 may alternatively be disposed

25 on the leading side of the main pole 21. The read

el ement includes a magnetoresistive film 24, and

shield filns 25 and 26 which are disposed on the
trailing side and | eadi ng side of the nmagnetoresistive
film24 so as to sandwich the fagretoresistive film

24. Signals read by the read el enent are processed

with a built-in signal processing system 5 Next,

overtwa itle (gOWidsharatt kgddina ssiofe tdle thmgmn%t@rgﬁlstlve
apparatus will be described. The ON characteristics

ar e fdd 7ed %% FITQURANANYEH! aLhe dRRARF M pattetFe AfLln

t f f tt d the
ekl ng LSt TG T IH RARRSA 1T erRHESTE 31
that .qf th cordin attern A |s over |tten on the
r ectdithg@ g’aLth%etr A &[Cﬁb HRrT 6T TS are
I
oabtorn Al o TS &eﬁéﬁovéf?%%‘%"éé’?%%&%%wf ohe

chap r@ﬂlsélcﬁss@raepﬁ&ammlfpr Ho QVabratéang thge ow
recordi ng performance of the nagnetic head. Herein,

" ONChdrsadteferdteitbd tas de £ased WMET €0 Blow £C 0Nk A ga
pattern at a |low frequency (LF) is overwitten by a

r ecareicnglipsy tpertt eatn A hi gth fa espeeneiyn 20rddgncanids first
"OMN" is referred to as a case where a recording

pat terit tan arnd gihdn equescyrd HY pattexerBrwitienaby a

recording pattern at a IOM/frequencg
frequency different from that of the recording pattern

A is overwritten on the recording pattern A, the OW
characteristics are expressed by a difference in
amplitude of the signal pattern A before and after
overwrite. The OW characteristics are an index for
evaluating the recording performance of the magnetic
head.

Herein, "OW1l" is referred to as a case where a
recording pattern at a low frequency (LF) is
overwritten by a recording pattern at a high frequency
(HF), and "OW2" is referred to as a case where a
recording pattern at a high frequency (HF) is
overwritten by a recording pattern at a low frequency
(LF) .

FIG. 4 and FIG. 5 show examples of track profiles
of a first signal after the first signal is
overwritten by another signal. FIG. 4 shows-a track

profile of an output of a remaining unerased recording
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(LF). FIG 4 and FIG 5 show exanpl es of track
profiles 25 of a first signal after the first signa
is overwitten by another signal. FIG 4 shows a track
profile of an output of a remaining unerased recording
pattern at 80 kFCl in a case where the recording
pattern at 80 kFCl is overwitten by a recording
pattern at 950 kFCl (OW). The7ordinate indicates the
out put normalized with the peak value of the initia

5 output of the recording pattern at 80 kFCl. FIG 5

, sheas teny &dk §8r dfidle iof aarcang pltensf tdre uresrcagdichg
recording pattern at 470 KFCl in a case (0W2) where

t he PRddeTdl i &t tiGY dits MM Rt ten duerawigcarding

recording pattern at 60 kFCl. The ordi nate indicates

10 BReE #t ForhdtiZed W t H&Headgtife Gidigrtes the
initjal tput of, th , [ 1t t 47Q kFQ. .

enc i P Bt SRS PR D St ohe Tt ol

e L . . o
\oniielindle nerondng and, pernendl ol alo raeordi . o

Wi digh MY andia granetd & ead Jugsk WAdtdh ((MWased

herein are described. FIG 6 shows a read out put

Vav eledjohddin A pHitdRAn IRCUTEK YT & € ULHNY SHENSidHere
of, for exanple, 80 kFClI which is read by scanning the

r ead heead dordimey @0y aak 40 eEdon.s M e idren a

defined as a wdth of a read output waveform at 50% of

t he reead cdmigp ta treadn, aVRWO sk RIES.i ndtheaoral iwiadteh iofdicates

read out put waveform of a range within which the read
the output normalized with the peak value of the
initial output of the recording pattern at 470 kFCI.
Each of FIG. 4 and FIG. 5 shows results obtained in
longitudinal recording and perpendicular recording.

Next, the definitions of a magnetic write track
width (MWW) and a magnetic read track width (MRW)
herein are described. FIG. 6 shows a read output
waveform of a signal recorded at a recording density
of, for example, 80 kFCI which is read by scanning the
read head in the cross-track direction. MWW is
defined as a width of a read output waveform at 50% of
the read output peak. MRW is defined as a width of a
read output waveform of a range within which the read
output rises from 20% to 80% (or falls from 80% to
20%) .
FIG. 7 shows the relationship between the

recording density and MWW in longitudinal recording

and perpendicular recording. MWW is normalized
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output rises from20%to 80% (or falls from80%to

209%9. 25 FIG 7 shows the relationship between the
recordi ng density and MMV i n | ongitudi nal recording

and perpendi cul ar recording. MAWis normalized

assum ng that MAW of a recording pattern at 80 KFCl is
unity. Referring to FIG 4, FIG 5 and FIG 7, a
difference in ONcharacteristi & between |ongitudina

5 recording and perpendi cul ar recording is described.

1. Longitudinal recording As is shown in FIG 7, in

t he alsengiingditialt M‘V@tmfdlawg:eqﬂwnm:rpeﬁste%rrasatth?eo KFCI is
recording density becomes higher. As shown in FIG 4,
undei®¥t in the 10 Iongltudlnal recordi ng, an LF
pattern wwth a w de S overWW|tten b

pattern \Bqﬁ?r&ﬂé}r%w ndlGs 2 uﬁGan

unerased co onent s left renained an e f_the

fir 6 iens At lasst]sci?o\?wt‘ﬁ?r#: n%ltuéqlnal
underecgl\% I 1l ta'?l% tpeh 'ret X 1cu65.a r(:“Corodrlcpl r? la_j":s ?JdZeﬁcrlbed

uner ase onen y OCcurs en a

with a nqyrowj H&Hfﬁgyvg%éééékgy an LF pattern with

a wi de MAW on. us, nost non- er ased conponent

left remaigneds ag‘rtcﬁin oMersg ing im the 1ong ¢ e mal
recording is the LF conponent, and edge noi se occurs

20 ateqeasiinignymapatdc faayed hes titackeexantding Hdensity
Per pendi cul ar recording
becomes higher. As shown in FIG. 4, under OWl in the
longitudinal recording, an LF pattern with a wide MWW
is overwritten by an HF pattern with a narrow MWW, and
as a result an unerased component is left remained at
an edge of the first LF pattern. Conversely, as shown
in FIG. 5, under OW2 in the longitudinal recording, an
unerased component hardly occurs when an HF pattern
with a narrow MWW is overwritten by an LF pattern with
a wide MWW on. Thus, most of the non-erased component:
left remained after overwriting in the longitudinal
recording is the LF component, and edge noise occurs
at positions apart from the track center.
2. Perpendicular recording
As is shown in FIG. 7, in the perpendicular
recording, like the longitudinal recording, MWW
decreases as the recording density becomes higher. In
addition, the recording density dependency of MWW in

‘the perpendicular recording is substantially the same

as in the case of the longitudinal recording.
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As is showmn in FIG 7, in the perpendicul ar

recording, like the |ongitudinal recording, MW
decreases as the recordi ng density becones higher. In
25 addition, the recording density dependency of MW
in the perpendicular recording is substantially the
sane as in the case of the |ongitudinal recording.
However, as shown in FIG 4-an@ FFG 5, the overwite
characteristics in the perpendicular recording are
degraded under OA2 rather than under OM. The reason
why Hohevevmr vas tshaptrariactelG std cndarBlGledr adete wderwbite
O is as follows. That is, in the perpendicul ar

r ecNALAE L afrd istsabire gy e e ndd QU el pl§ ¢RF SERUrare
in the HF pattern, which makes it hard to _erase the HF

pat t49¥ 29650 W e tia s el td ahit e YU s weRkerregson

L0 e e e O A Pt A P S8 e
j L. int di.cul J di ' h

R S BB RE P P S S

i s QQkﬂﬁ%ﬁjﬁgg%gﬂ%é%ﬁgggg?@%ﬁﬁkﬂﬁﬂ§ﬂ§ﬂf€f Jﬁﬁqiﬁae ccurs

track center. ove, 1In € case o

t he i parRengt Qi dfe MEC O A1 mdMNLhay acd & 164 | £8a §& €the HF
degraded under OA2 in which the LF pattern is

overgatitddren hd ehdmfrptderd, f gt edgeenwise Dé wdeker at
HF conponent renains. The edge noi se fornms double 20
peakshe ltraarkderddes itfmowt titee AW adlareettesr st i Tlsyusj tmost
IS necessary to design the MRWso as not to read the
of the unerased component left remained after
overwriting in the perpendicular recording is the HF
component. Besides, since the MWW of the HF component
is narrow, edge noise occurs at positions near the
track center.

As described above, in the case of the
perpendicular recording, OW characteristics are
degraded under OW2 in which the LF pattern is
overwritten by the HF pattern, and edge noise of the
HF component remains. The edge noise forms double
peaks. In order to improve the OW characteristics, it
is necessary to design the MRW so as not to read the
edge noise. Such a design principle in the
perpendicular recording differs from that in the
longitudinal recording.

An embodiment of the present invention provides a

perpendicular magnetic disk apparatus in which MRW is

set to be smaller than MWW of a signal recorded at a
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edge noi se. Such a design principle in the

per pendi cul ar recording differs fromthat in the

| ongi tudi nal recording. 25 An enbodi nent of the

present invention provides a perpendicular nmagnetic

di sk apparatus in which MRWis set to be smaller than
MAV of a signal recorded at a 10 nmaxi num frequency
(1T), and prevents degradationl®f @ bit error rate
(BER) due to edge noi se caused by an unerased
conmponent (HF conponent). In the case where the

r ec ovadiimunf rferpeprency s 6pr essbd gy et s dsdradagipn of a
that the maxi mum frequency is Fmax [ MHz], the

rec&idi g Horedigdifey( BER ldefuandeP BRAYFT o l/fgai ey an
The principle of the present invention wll be

b
des NFEF Bl GRPIBT 8 EhGHET el -at i ThsHip it re
o e LR SR S S SE U EE, ddsditing
' ' - | 40
ae (rererts rpAndl St B & Tl S Mo

on the ARSIt e HAIHS) -1 dRdEGed Hhavs 2 meubie- pask) .

wi dth (DPW ‘of an unéerased conponent and a maxi mum

O2 val uerf{dvixr MP)p1 étot Nend reks st Bivert fon Qv EhDWse
a track profile of an unerased output of a 2T pattern

af t efeddie b2l HeAlldwern is overwitten by a 15T pattern.

The ordinate 20 indicates the output normalized with

t he peak RS ue8 afhows the relationship between OW2Z and BER
in the perpendicular recording. It is found from
FIG. 8 that the degradation of BER increases if the
absolute value of OW2 falls below 40 dB (hereinafter
the value of OW2 is discussed based on the absolute
value).

FIG. 9 shows a double-peak width (DPW) of an
unerased component and a maximum OW2 value (Max OWZ2)
at the track center. FIG. 9 shows a track profile of
an unerased output of a 2T pattern after the 2T
pattern is overwritten by a 15T pattern. The ordinate
indicates the output normalized with the peak value of
the initial output of the 2T pattern.

FIG. 10 shows the relationship between Max OW2
and DPW. DPW is normalized with the MWW of the HF
pattern prior to overwriting. It is found from
FIG. 10 that Max OW2 worsens as the DPW becomes

narrower. As described with reference to FIG. 8, it

is preferable that Max OW2 be 40 dB or more. As shown
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the initial output of the 2T pattern. FIG 10 shows
the rel ationship between Max OA2 and DPW DPWi s
normali zed with the MAW of the HF pattern prior to
overwriting. It is found from25 FIG 10 that Max OA2
wor sens as the DPW beconmes narrower. As descri bed
wth reference to FIG 8, it 1is preferable that Mx
O be 40 dB or nore. As shownll 14 in FIG 10, when
Max O is 40 dB, DPW MW HF) is 1, which nmeans that
DPW coi ncides with MW of the HF pattern. Hence, it

i s umdeétIst.odd ,t hateri Maor d¥f2 tics £hsib e DRIK/NORR(IOF) 40s 1,
dB or nore, the nagnetic read 5 track wi dth MRW shoul d
be séticdt mAANVoft e MW mingifeprwitgs MWW o f hehe aldle
of a pattern with a maxi nmm recordlng densjty, which
i s Peddreddy atlercet K iU ARs FreRfieat Jtrheo%‘?"gﬁa’f—o

recorded on the di sk takes nar r owest
" BT O atE 14 ) 91 i L fv%gre%fel%read

patte;?gd,i ﬁqelw Lyl uge AGEordi el Ve BYat tern

setti ue not greater t

har rgwesls 5DPWﬁr{ ‘the c!hoée yeal eﬂag{]@f}l M”Z’Maé rﬂz-\rxnjmgm

beconmes possi bl e to avol d occurrence of edge noise

causeddpu iay el L3 LS e ddd ded 2 OVET W L& NG,

and to enhance the ER The lower limt value of MRW

I s getamimetafuchdipl uthaeighSENSedrddd Seriide magnetic

signals is made ineffective. FIG 11 shows an exanple

of \Hrdlatiakesofa MANrovwd st iNWH £ 0 Troestther twoxdde,) when the

t he magneti c di sk.
first signal is the 1T pattern, DPW takes a minimum
value. Accordingly, by setting the MRW at a value not
greater than the narrowest DPW, i.e., not greater than
MWW at 1T, it becomes possible to avoid occurrence of
edge noilse caused by an unerased 1T pattern after
overwriting, and to enhance the BER. The lower limit
value of MRW is determined as a value where sensing of
servo signals is made ineffective.

FIG. 11 shows an example of variation of MWW
relative to coercivity (Hc) of the magnetic disk.
Here, MWW is normalized assuming that MWW is unity
when Hc is 3 kOe. Therefore, by examining the
variation of MWW relative to Hc of the magnetic disk
and the variation of MWW relative to the recording
density (recording frequency) as shown in FIG. 7, it
becomes possible to estimate the MWW at the maximum

frequency 1T and to determine a desirable MRW.

While certain embodiments of the inventions have
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20 Here, MWVis normalized assum ng that MWis unity
when He is 3 kQe. Therefore, by exam ning the

variation of MMWrelative to He of the nmagnetic disk

and the variation of MMWrelative to the recording
density (recording frequency) as shown in FIG 7, it

25 becones possible to estimate the MW at the maxi-num
frequency 1T and to determne B2desirable MRW Wil e
certain enbodi ments of the inventions have 12 been
descri bed, these enbodi nents have been presented by

way kaferexdgatel bord y  trerse aamgoarbitme it e rivece theedn rptesented
the scope of the inventions. |Indeed, the novel nethods
and by steahe fdesanimled dehei mihya e aibhoditeended jtp glimit
variety of other forns; furthernore, various

onm 1S RCORG IR i tha ijdh‘éerhtrfd’%ang]é'yﬁeﬁj't HE'§ N ok
t he nethods and systens descr.ibed herein may .be de..
T RRR R AT S (Gl S T o Shesai ed
The ,acconpanyi.ng cl ai and their.equivalents are 1
i nt endéd ‘1o lceot er® és uoctl?%ro rf?r%rnbsr’ rrfoudﬁ l1]“?:J:a S Totrs ‘gaslg%/\%%’ d
fall.  withi h - i1 i 'Qﬂ%:
VV#¥P®%§%5§&%%E%;i%; ?ﬁ qﬁéfﬁ%k%i%ﬁﬁéégﬁnggﬁgg%% d|§ﬂ¥§f
appaiial W t HEUPrdrid NGjs @enianedd £ wl $knd Al i Be made
soft underlayer and a 5 perpendi cul ar magnetic
recariinymht aweds ridiith of ragnid etk MRS Ifvéntions.
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The accompanying claims and their equivalents are

intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.




including a main pole, a return pole and an exciting
coil, and a read el enent including a nagnetoresistive
filmand a pair of shield films disposed to sandwi ch
10 the magnetoresistive film wherein a nmagnetic read
track wwdth (MRW which is read by the
magnetoresistive filmis set to be smaller than a
magnetic wite track width MY for signals
recorded at a maxi mum frequency. 15 2. The

per pendi cul ar magneti c di sk apparatus according to
claim1, wherein the WRRI' M8&sCAAIM&E®r ISkimt val ue
deternmined as a val ue where sensing of servo signals
is made ilnef Peqanpenddcullsr pergreatdi @ gk nppetatus
di sk apparatus 20 according to claim1l, wherein the
MAW\COMPIGSHiged as a w dth of a read output waveform

in a cross-track ., direction at_ 50% of a_read
peak, and m&r@ b IS S I P S AV and a

t he reead out wavefocrmof arlégfvmthrl_nav\r@ ch a
rea® &?&?tl §§smf§r\‘er&rﬁ PA LR A)Oaryefa(lls rom 80%

to 20% a magnetic head comprising a write element
including a main pole, a return pole and an exciting
coil, and a read element including a magnetoresistive
film and a pair of shield films disposed to sandwich
the magnetoresistive film,

wherein a magnetic read track width (MRW) which
is read by the magnetoresistive film is set to be
smaller than a magnetic write track width (MWW) for
signals recorded at a maximum frequency.

2. The perpendicular magnetic disk apparatus
according to claim 1, wherein the MRW has a lower
limit value determined as a value where sensing of
servo signals is made ineffective.

3. The perpendicular magnetic disk apparatus
according to claim 1, wherein the MWW is defined as a
width of a read output waveform in a cross-track
direction at 50% of a read output peak, and wherein
the MRW is defined as a width of the read output
waveform of a range within which a read output rises

from 20% to 80% or falls from 80% to 20%.



