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MAGNETI C RECORDI NG BACKGROUND COF THE | NVENTION 5 The present invention
generally relates to a disk drive adopting a perpendicul ar nagnetic

recording node, and nore particularly to a wite head which ﬂ

per pendi cul ar magnetic recording. Cenerally,-in a disk drive‘mmmw mmHWHMWO
per pendi cul ar magnetic recording node, there is used a magnetic.hea
having a wite head conprising a single pole type head (SPT) suitable for
per pendi cul ar nmagnetic recor dTAGLETOIFS TWE trerviigadonas a main magnetic
pol e (recording nmagnetic pole) which applies 15 a recording magnetic field
in a perpendi culak DBIVBcRNDNMBENETACSKEADIDERNIGRdFAR RBERPENAIYUNAGNEt i C
pole which is called a return yoke. In the perpendicular nagnetic recording
type disk driMBGNBRIChBEGVBRENE concerning a structure of the 20 wite
head is particularly pushed ahead in order to realize a higher recording
density. As a concrete exanpheCROYND t@F hBdld ENYERTIP® in which aknaLn
magnetic_pole is provided on a |l eading side away from_ a return yoke has
begn pro%gsed (seg,TQ?gPFeﬁﬁHF PBF?nﬁgoﬂpﬂﬁﬁ?rR | rRdBitieSatticor Kd.sk

2001-101612). This refer%nce of the grlor art discloses. that a
rive adopting a perpendicular magnetic recording

-

mode, and more particularly to a write head which
performs perpendicular magnetic recording.
Generally, in a disk drive adopting a
10 perpendicular magnetic recording mode, there is used a
magnetic head having a write head comprising a single
pole type head (SPT) suitable for perpendicular
magnetic recording. This write head has a main
magnetic pole (recording magnetic pole) which applies
15 a recording magnetic field in a perpendicular
direction of a disk medium and an auxiliary magnetic
pole which is called a return yoke.
In the perpendicular magnetic recording type disk
drive, an improvement concerning a structure of the
20 write head is particularly pushed ahead in order to
realize a higher recording density. 2As a concrete
example, a write head structure in which a main
magnetic pole is provided on a leading side away from
a return yoke has been proposed (see, e.g., Jpn. Pat.
25 Appln. KOKAI Publication No. 2001-101612).
This reference of the prior art discloses that a

‘distribution of a magnetic field intensity emitted
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di stribution of a magnetic field intensity emtted
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wite head can be made sharp on a trailing side by this head strucCture. f
recent years, in the perpendicular nmagnetic recording type disk drive,

t here has been confirnmed a 5 phenonenon that an edge portion of a
recordi ng magnetization transition form which occurs on a disk nedium due
to perpendi cul ar magnetic recording is curved or disordered by an

i nfluence of a skew angle or the like of a magnetic head. Particularly, in
case 10 of rec@rdnng arseevaechdr shnpalet emdie Belakgedn B $e1:MQ ingnisakeat i on
required for a head positioning control (servo control), when this
phenonenon occbs thtibehealds stpnaedueced a problemin which a curved portion
is generated at an edge portion in a track widthw se 15 direction of the
servo burst pattern Iand edea tasiparst,r in itSheggreemained.cullleer serare i or mat i on
requires a high signal quality since it affects an accuracy of a head

posi tioni ng op&EgOreAnIThePEf Gk Wiidivea péegentage b2@nofconid ragdved
portion in the entire servo burst is increased due to the curvature of the
nmagnet i zat i on PREAREIENCHN G tnarht REIS SRAItigRaciftt ¢ Feq@tdd%s the servo
information cannot be assured. In.particular, wth a reduction.in

interval's of s@RARET4cks Pebspdedtion Torm Which occurs on a disk

medium due to perpendicular magnetic recording is
curved or disordered by an influence of a skew angle
or the like of a magnetic head. Particularly, in case

10 of recording a servo burst pattern included in servo
information required for a head positioning control
(servo control), when this phenomenon occurs, there is
produced a problem in which a curved portion is
generated at an edge portion in a track widthwise

15 direction of the servo burst pattern and the asymmetry
is generated.

The servo information requires a high signal
quality since it affects an accuracy of a head
positioning operation. Therefore, when a percentage

20 of the curved portion in the entire servo burst is
increased due to the curvature of the magnetization
transition form, the signal quality required as the
servo information cannot be assured. In particular,
with a reduction in intervals of servo tracks recorded

25 on the disk medium owing to an impulsion for a higher
track pitch, it is hard to ignore the influence of the

‘curvature generated in the edge portion in the



25 on the disk nediumowing to an inpulsion for a higher track pitch, it
is"hard to ignore the influence of the curvature generated in the gggeng
portion in the 2 9 MAR 2007 3 magnetization transition form i.e., the
€dge portion in the track widthw se direction of a magnetization pattern.
BRI EF SUMVARY OF THE I NVENTION 5 In accordance with one enbodi nent of the
present invention, there is provided a disk drive including a magnetic
head for perpendicul ar magnetic recording. The disk drive conprises a disk
medi um for perpendi cul ar magnetic recording; and a magnetic head 10

i ncl'udi ng a managnecbrdt hgnnagassitipol €owhj ch.appl tes adper pendicnl ar
recordi ng magnetic field onto the disk nediumand an auxiliary nmagnetic
pol e, the auxiihathe tmgnktwcdpbivésbeflngearianged enmagneaizendosi de of the
mai n recordi ng magnetic pole in a relative traveling 15 direction of the
magneti c head, PatEergth of the auxiliary nmagnetic pole in a track

w dt hwi se direction on the disk nediumbeing |larger than a | ength of the
mai n recordi ng magnetic poﬁ@?EﬁhﬁﬁﬁMﬁﬁgcﬁﬁPT%@Nl ENGE OSEVERAL VI EWS OF THE
DRAWNG _20 FIG 1 is a view showi ng.a structure of a _magnetic head for
per pendi cul ar magnetPcFECOFETNG w&%ﬁc@Pﬁiﬁ RRLBEBSdPre M CaPE656 g to the

present invention, FIG 2.is.ayigwillustcating a structuce of a,

magnetic head for perpendicular magnetic recording.
The disk drive comprises a disk medium for
perpendicular magnetic recording; and a magnetic head
10 including a main recording magnetic pole which applies
a perpendicular recording magnetic field onto the disk
medium and an auxiliary magnetic pole, the auxiliary
magnetic pole being arranged on a rear end side of the
main recording magnetic pole in a relative traveling
15 direction of the magnetic head, a length of the
auxiliary magnetic pole in a track widthwise direction
on the disk medium being larger than a length of the
main recording magnetic pole.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
20 FIG. 1 is a view showing a structure of a
magnetic head for perpendicular magnetic recording
concerning an embodiment according to the present
invention;
FIG. 2 is a view 1llustrating a structure of a
25 write head concerning the embodiment;
FIG. 3 is a view showing a structure of a double-

layered disk medium concerning the embodiment;



25 wite head concerning the enbodinent; FIG 3 is a view show ng a
structure of a double- layered di sk nmedi um concerning the enbodi WtM'ARZ%g&
MAR 2007 4 FIG 4 is aviewillustrating a structure of a servo trac
Writer concerning the enbodiment; FIG 5 is a view showi ng an external
appearance of a perpendicul ar magnetic recording type disk drive 5
concerning the enbodiment; FIG 6 is a-view showi ng an exanple of a .
magnetization pattern illustrating an effect of the enbodinent; FIG 7 is
a view showi ng an exanple of the 10 magnetization pattern illustrating an
effect of the enbodimmnty i G 8 dws ia LW Shiow Y Xl & ©f, the
magneti zation pattern of servo information illustrating the effect of the
embodi ment; 15sErGS. tRAcandrBear eonicews ishOWHg b¥dikdiead and a
nmagneti zation pattern of servo information concerning the enbodinent; FIG
10 is a view illust #FdG.ng & shead ipesisthiconintg arnGLitfed@ia ICAERIANAH:d he
effect of the enmbodinment; 20 FIG 11 is a viewillustrating a structure of
a wite head @dnéePRrRgnaictier aaboeitientredBlrGint? tiypea ddissewddilwest rati ng
recording magnetic field characteristics of the wite head concerning

anot her &nbodi ARRCETAARY the embodiment;

FIG. 6 is a view showing an example of a
magnetization pattern illustrating an effect of the
embodiment;

FIG. 7 is a view showing an example of the

10 magnetization pattern illustrating an effect of the
embodiment;

FIG; 8 is a view showing an example of the
magnetization pattern of servo informatidn
illustrating the effect of the embodiment:

15 FIGS. 9A and 9B are viewslshowing a write head
and a magnetization pattern of servo information
concerning the embodiment;

FIG. 10 is a view illustrating a head positioning
accuracy concerning the effect of the embodiment;

20 FIG. 11 is a view illustrating a structure of a
write head concerning another embodiment;

FIG. 12 is a view illustrating recording magnetic
field characteristics of the write head concerning
another embodiment; and

25 FIG. 13 is a view illustrating a head positioning

accuracy concerning the effect of another embodiment.



25 FIG 13 is a viewillustrating a head positioning accuracy concerning
the effect of another embodinent. 2 9 MAR 2007 5 DETAILED DESCR! PTI ON OF
THE | NVENTI ON Enbodi nents according to the present invention _vuqq MAB W OBe
described hereinafter with reference to the acconpanying draw ngs. 5
(Structure of Magnetic Head) FIGS. 1 and 2 are views showing a structure of
a magnetic head for perpendicul ar magnetisc recording concerning this
enbodinment. FIG 1 is a side cross- sectional view, and FIG 2 is a plane
cross-sectional 10 view. A magnetic head 10 has a wite head and a read

head 14 which are separated1tEomwRLER patbRT oraRe i %Wﬁﬁl‘g‘ﬁ?ﬁd\l\hon a

non-illustrated slider. The read head 14 is usually a a ich has a GWR

(gi ant magnet or esi s Eibdd Mednted Qimmrclﬁl@n@bi@m@xﬁé@éﬂ@ﬁ’n&&?@cﬁﬁr
reading. The wite head is a single pole type head suitable for

per pendi cul ar neigrietniosy foec aledidrg bean thdasi n#f teoe afidima dmgnatds head 11 as
a main magnetic pole, a return yoke 12 as an auxiliary magnetic pole and
an 20 excitatitde ecidomt@nyling rdeeoridigey nagnetic head 11 is formed of a
soft magnetic material having a relatively high nagnetic permeability, and
excites & r ecor(@itagictivagnerfi Madinsitd cadbrddi ng to a recordi ng current caused

to flow through the excitation coil 13. The recording
25 g FIGS. 1 and 2 are views showing a structure of a

magnetic head for perpendicular magnetic recording

concérning this embodiment. FIG. 1 is a side cross-

sectional view, and FIG. 2 is a plane cross-sectional
10 view.

A magnetic head 10 has a write head and a read
head 14 which are separated from which other, and is
mounted on a non-illustrated slider. The read head 14
is usually a head which has a GMR (giant magnetoresis-

15 tive) element 15 and is exclusively used for reading.

The write head is a single pole type heaa
suitable for perpendicular magnetic recording, and has
a recording magnetic head 11 as a main magnetic pole,
a return yoke 12 as an auxiliary magnetic pole and an

20 excitation coil 13.

' The recording magnetic head 11 is formed of a
soft magnetic material having a relatively high
magnetic permeability, and excités a recording
magnetic field according to a recording current caused

25 to flow through the excitation coil 13. The recording
magnetic pole 11 generates a strong recording magnetic

fiéld by narrowing down a track width with respect to



magnetic pole 11 generates a strong recording nmagnetic field by narrow ng
down a track wwdth with respect to 2 9 MAR 2007 6 an opposed surface
(recording layer 22) of a disk nmedium 20. The return yoke 12 is A8
duxiliary magnetic pole by which a perpendicul ar magnetic fl ux geneM’%?t éqq?
from 5 the recording magneti.c pole 11 passes through a soft nmagnetic |ayer
of the later-described disk nmedium 20 -and constitutes a cl osed nmagnetic
path. In regard to concrete nmaterials of the recording magnetic pole 11,
the recording magnetic pole 11 is formed of a magnetic 10 material such as

a soft magneti anf iopBoateidc i uirFeldedas e ddrN ig-@)a vad 260baydt { Cp)si@s mai n
conponents and has a high maxi mum nmagnetic fldx saturation density which
is, e.g., not hmesduham.2 tesla. As to a concrete nmaterial of the return
yoke 12, the return yoke 12 is 15 fornmed of a nmagnetic material such as
Permal | oy which indhedestimmkeloKNil)2 and drr cruxife)ams wegie Ciohmient s,
has smal| magnetostrictions and is easy to be processed. The wite head
accordi ng to thiys waiHsbdiamperpeaslizul2® staonettuice filuwhjerte tdted ensmmn yoke
12 is arranged on a rear end side in a relative traveling direction (arrow
10A) of Phe madhét FE€RESd N RrInespecPAle d it Paveldsnghrtiugicts e fitar r ow 20)
of the disk nedium 20Q. That is, the return yoke 12 is arranged on a
trailing edge $RgEet3S JfYERe Ofadhst il@ Useadieror iheer sfise nadiamr @or di ng
and constitutes a closed magnetic path. 1In regard to
concrete materials of the recording magnetic pole 11,
the recording magnetic pole 11 is formed of a magnetic
10 material such as a soft magnetic film which includes
iron (Fe) and cobalt (Co) as main components and has a
high maximum magnetic flux saturation density which
is, e.g., not less than 2 tesla. As to a concrete
material of the return yoke 12, the return yoke 12 is
15 formed of a magnetic material such as Permalloy which
includes nickel (Ni) and iron (Fe) as main components,
has small magnetostrictions and is easy to be
processed.
The write head according to this embodiment has a
20 structure in which the return yoke 12 is arranged on a
rear end side in a relative traveling direction (arrow
10A) of the magnetic head with respect to a traveling
direction (arrow 20) of the disk medium 20. That is,
the return yoke 12 is arranged on a trailing edge side
25 of the magnetic head 10. Therefore, the recording

magnetic pole 11 is provided on a leading edge side.

Further, in the write head according to this



magnetic pole 11 is provided on a | eading edge side. Further, inthe wite
head according to this 2 9 MAR 2007 - 7 enbodinent, the recording
magnetic pole 11 and a part 12A of the return yoke 12 are oppositely
arranged with a very narrow gap G therepbetween on the side oppd9eBAR t2007t he
di sk medium 20. 5 As shown in FIG 2, a[?rack corresponding to a track
wdth TWof the wite head is constitutedyon-the disk nmedium 20 by

per pendi cul ar magnetic recording wusing the recording magnetic pole 11. In
a direction of this track width, a length of the return yoke 12 is 10

formed to be vempddanger,t har adiatihOhdpetreeyd ng et i le 11.
(Di sk Medium Disk Drive and Servo Traglcz Witer) (i%rs shown 1 n Fl%rpcg, t he

di sk nmedi um 2012 af dowblre-thayenekeparpend Gys iaof HMG IR Yd 15
whi ch a perpendi cul ar magnetic recording layer (which wll be sinmply

referred to asaaveeyomairngw ayer )G 22 e rahc tavesef torTagnRetdiid ayfos2 ar e
superinposed on a substrate 25. It is to be noted that an oriented | ayer
23 and a 20 prtet édei g skayedi2m &0 sequential |y superinposed on the
substrate 25. Furthernore, each |ayer conprises a filmfornmed of a
conposi t Pon of a pl d¥alshaprofin G -erenta ratarh atoxrdepatesiord ed above, a
perpendi cul ar magnetic flux applied onto the recording 25 layer 22 is

di ff used t hr oud aCte Va6t FlgRét ithe apdite head is constituted on the

disk medium 20 by perpendicular magnetic recording
using the recording magnetic pole 11. 1In a direction
of this track width, a length of the return yoke 12 is
10 formed to be very larger than a length of the
recording magnetic pole 11.
(Disk Medium, Disk Drive and Servo Track Writer)
As shown in FIG. 3, the disk medium 20 is a
double-layered perpendicular recording medium in
15 which a perpendicular magnetic recording layer (which
will be simply referred to as a recording layer) 22
and a soft magnetic layer 24 are superimposed on a
substrate 25.
It is to be noted that an oriented layer 23 and a
20 protection layer 21 are sequentially superimposed on
the substrate 25. Furthermore, each layer comprises a
film formed of a composition of a plurality of
different materials. As described above, a
perpendicular magnetic flux applied onto the recording
25 layer 22 is diffused through the soft magnetic layer
.24 and the return yoke 12, turned to.a weak magnetic

field and forms a closed magnetic path returning to



24 and the return yoke 12, turned to a weak nagnetic field and fornms a

cl osed magnetic path returning to 2 9 MAR 2007 8 the excitation coil 13.
In the perpendi cul ar magnetic recording type disk drive 50, 352%h%wﬁ;@@ _
FIG 5, the disk nmedium 20 attached to a spindle nmotor 51 and the naghetic
head 5 10 mounted on an actuator 52 are assenbled in a case. The actuator
52 is a head positioning nechani sm which gnoves the head 10 on the disk
medium 20 in the radial direction thereof by a driving force of a voice
coil nmotor 53. 10 Moreover, as a disk drive manufacturing step, there is
a servo wite shepekyivhaitGnsepde ippformation is recorded on the disk
medi um 20 in advance. The servo wite step uses a dedicated servo track

witer (STW 41 as Ishawe iperdeGdi4ulll haddits ehedinmnly the SEWAL1 has
an actuator 40 having the nagnetic head 10 for perpendicul ar magnetic
recordi ng nmountiedvehéleors Fhewaf dne FItche 5ST\Whél dirs&C@lredaumerzpo i nf ormati on
on the disk nedium 20 by perpendicular nagnetic recording using such a
wite 20 head astekoed ite Bl GpithdlEhaosenvdli ringr ki magneaughlheaconpri se a
cylinder code which is used to identify tracks, and a servo burst pattern
whi ch.i s> usedlfompuditedonnt ke Reayaiteredeh aneackssemblied tio be caset.ed t hat
the STW41 nmay _have a servo wite 25 perform ng node which uses a magnetic
head assenbl edThe actuator 52 is a head positioning mechanism which
moves the head 10 on the disk medium 20 in the radial
direction thereof by a driving force of a voice coil
motor 53.
10 Moreover, as a disk drive manufacturing step,
there is a servo write step by which servo information
is recorded on the disk medium 20 in advance. The
servo write step uses a dedicated servo track writer
(STW) 41 as shown in FIG. 4.
15 In this embodiment, the STW 41 has an actuator 40
having the magnetic head 10 for perpendicular magnetic
recording mounted thereon. Therefore, the STW 41
records servo information on the disk medium 20 by
perpendicular magnetic recording using such a write
20 head as shown in FIG. 1. The servo information
roughly comprise a cylinder code which is used to
identify tracks, and a servo burst pattern which is
used to position the head in each track. It is to be
noted that the STW 41 may have a servo write
25 performing mode which uses a magnetic head assembled

in a disk drive 50 to be manufactured in addition to a

mode having the magnetic head 10 as a servo write



i‘n a disk drive 50 to be manufactured in addition to a node having the
magnetic head 10 as a servo wite 2 9 MAR 2007 9 dedicated head.
(Operation of Perpendicular Magnetic Recording) A description will. now be
given as to the perpendicular nmagnetic recording operation of 28hga® i te
head when the STW41 is used to record servo information on the disk
medi um 20 by utilizing the magnetic headglO-i ncorporated in the disk drive
50. In the disk drive, nmany tracks (data tracks) having concentric
circular forns are constituted on 10 the disk nedium 20 in the radi al
direction theraefickhear deagto identify each of these tracks and position
the head 10, there is a servo wite step of previously recording servo

i nformation in (DberamivhactuPepgenpiecess. Mhgneener adyrdifighhe disk drive,
there is adopted a sector servo node that a recording area 8data sector)
for data and a recoldidegcariedicnemid lsexiwoble fqirveseraeo td /ey mation are
divided into areas and a plurality of these two types of divided areas
exi st in one tpaskengdcuhen mageetidi mgesirgnaly ppemrad iionf erfmaticon) for the
servo sector is once recorded, it will not be erased by overwiting or the
li ke. In°this ®i¥B&E ke, whia Siey 3TWwdilt s sisedo toi meoomat iservicser vo track

signal) on the disk nmedium 20 25 by using the wite head of the magnetic
head 10 information on the disk medium 20 by utilizing the

'magnetic head 10 incorporated in the disk drive 50.
In the disk drive, many tracks (data tracks)
having concentric circular forms are constituted on
10 the disk medium 20 in the radial direction thereof.
In order to identify each of these tracks and position
the head 10, there is a servo write step of previously
recording servo information in the manufacturing
process. |
15 Generally, in the disk drive, there is adopted a
sector servo mode that a recording area (data sector)
for data and a recording area (servo sector) for servo
information are divided into areas and a plurality of
these two types of divided areas exist in one track.
20 When a recording signal (servo information) for the
servo sector is once recorded, it will not be erased
by overwriting or the like.
In this embodiment, the STW 41 writes servo
information (servo track signal) on the disk medium 20
25 by using the write head of the magnetic head 10
incorporated in the disk drive 50.

~~Here, FIG. 8 shows a magnetization pattern



i‘ncorporated in the disk drive 50. -Here, FIG 8 shows a nagnetization
pattern 2 9 MAR 2007 - 10 subjected to perpendicular nagnetic recording
on the disk medium20 by a wite head having a structure different from
the wite head according to this enbodinent (which will be refe?8edAR a0as
a head 5 according to a conparative exanple hereinafter). In FIG 8§,
reference characters A and B denote servo,gburst patterns. The head .
according to the conparative exanple has a structure in which a recording
magnetic pole 11 is 10 arranged on a rear end side with respect to a head

and a roturn yokh 1S T e atgs e e oA T e G T REAY sy di ng

and a return yoke ™12 1s conpare a rding to

this erbodi men:showrdinuf 16 Hy Thali i ndde d8ar,d S, s gldg of the

recordi ng magnetic pole 11 of the head accor he ‘conparati ve

exanpl e i's operatrothen & moneld 2atian matd eldr &4 ofy the seryo  track
signal is recorded by using such a head according to the conparative

exanpl e, curvatenesiig@n20 @aused wdua te recendidg  Ws anggenerated in a
track w dthw se direction (TW as shown in FIG 8. FIG 6 1Is a view

showi ng thi s negetidatd do Eatdoernra G ive akamgillanged mmealr) These
curvatures are generated because an 25 constant magnetic field contour
distribution offI&. 8, reference characters A and B denote servo

burst patterns.

The head according to the comparative example has

a structure in which a recording magnetic pole 11 is

10 arranged on a rear end side with respect to.a head
traveling direction 10A and a gap between the
recording magnetic pole 11 and a return yoke 12 is
large as compared with the write head according to
this embodiment shown in FIG. 1. That is, the rear

15 end side of the recording magnetic pole 11 of the head
according to the comparative example is opened.

When a magnetization pattern 60 of the servo
track signél is recorded by using such a head
according to the comparative example, curvatures 80

20 caused due to recording blurs are generated in a track
widthwise direction (TW) as shown in FIG. 8. FIG. 6
is a view showing this magnetization pattern 60 in an
enlarged manner.

These curvatures are generated because an

25 constant magnetic field contour distribution of a
recording magnetic field from the head according to

the comparative example is curved at an end portion of



rrecording magnetic field fromthe head according to the conparative
exanple is curved at an end portion of 2 9 MAR 2007 - 11 the head as
spacing fromthe head is large when fornming a magnetization trapsition on
the di sk medium Generally, in the servo track signal wite ope?ﬁ_tM_b‘h,ZUU?
there is used a track width (TW of the 5 wite head which is sufficiently
large with respect to the servo track-interval. In the servo track signal
wite operation, there is adopted a method by which the wite head is fed
fromthe outernost circunference on the disk mediumin a fixed direction,

e, the 10 i nner mesid Gif Erentidly AHEUIRN A 1dsd quarse direction

whil e signals of the respective servo tracks are overwritten. FIG 8 shows

the magneti zat iformipaf teemsyraft T iser wvor AME St Ratderige Aand B ahigh are
continuously recorded by the wite head which is noved 15 at fixed track

intervals. Here, altdeugtathe riecorid ngemegnetack féehwaf remed he wite head
is evenly generated in the vicinity of the center of the tracks, the

recor di ng magnepiesaftiigind teoones diddd ian theckivcidib y(of) tde thack ends
and 20 curvatures of the transition formare generated at the track ends
as shownSin Fl @rigesinees twiel qtecior diuff i iegristy cldrigd dvitir esespiermnsional |y
spreads. In FIG 6, although just sone of the entire tracks have the
curved forns atthehéaivac K i@tds, intRr @k vatlyy dshe 2erendiredn tiumal de wher e

i i verwitten : .
no signal is Owrlte operation, there is adopted a method by which

the write head is fed from the outermost circumference
on the disk medium in a fixed direction, i.e., the

10 innermost circumferential direction or its reverse
direction while signals of the respective servo tracks
are overwritten. FIG. 8 shows the magnetization
patterns of the servo burst patterns A and B which are
continuously recorded by the write head which is moved

15 at fixed track intervals.

Here, although the recording magnetic field from
the write head is evenly generated in the vicinity of
the center of the tracks, the recording magnetic field
becomes dull in the vicinity of the track ends and

20 curvatures of the transition form are generated at the
track ends as shown in FIG. 6 since the recording
magnetic field three-dimensionally spreads. In
FIG. 6, although just some of the entire tracks have
the curved forms at the track ends, the curvatures

25 remain on the side where no signal is overwritten
because the servo signals are overwritten at narrower

intervals than the recording track width of the head.



lecause the servo signals are overwitten at narrower intervals than the
recording track width of the head. 2 9 MAR 2007 12 Meanwhile, P8 RAfG2003,
it can be understood that the curved portions account for a large
percentage with respect to the entire signals. In the small positioning
control for positioning 5 the magnetic head 10 at the center of the
‘tracks, the magnetization patterns of_the,above-described servo burst
patterns A and B are used. Specifically, as shown in FIG 8, when a
boundary portion between the servo burst patterns A and Bis to be

posi ti oned as Mddien ORIV efn ofrd hey data dgacks L he posidi oplpggont rol i s

carried out in such a manner that a signa anp rom a ¢k A and a

. . . | ' read head
si gnal anplIttukhﬁﬁéunﬁbrﬁfdﬁé<4%&Bﬁﬁﬁmf@ﬁqﬁ_l£ygérﬁ%%éééﬁhéél%g@&

across the track A and the track B. 15 I n this case, | G 8,

when the asymmetspedts t aguceshtiird heidmipsal direction from the boundary
bet ween the servo burst patterns A and B due to the curvatures 80 of the

magnet i zation transin iime fonasl i god hiei oRONGt EERLIODN Pot 1968 60onife 20
read signal anplitude fromthe servo burst pattern B beconmes smaller than
the anplixude fihsmuameaeivdedlrist gatter ncdnevernt fridet rasks heagke exi st s
on this boundary, and erroneous positional information is supplied. 25
Thus, in order REITEPA AT tHe Rdrreddts posi theorbove-described servo

burst patterns A and B are used. Specifically, as
shown in FIG. 8, when a boundary portion between the
servo burst patterns A and B is to be positioned as

10 the center of the data tracks, the positioning control
is carried out in such a manner that a signal
amplitude from a track A and a signal amplitude from a
track B become equal by traveling of the read head
across the track A and the track B.

15 | In this case, as shown in FIG. 8, when the
asymmetry is produced in the lateral direction from
the boundary between the servo burst patterns A and B
due to the curvatures 80 of the magnetization
transition forms in the magnetization pattern 60, the

20 read signal amplitude from the servo burst pattern B
becomes smaller than the amplitude from the servo
burst pattern A even if the read head exists on this
boundary, and erroneous positional information is
supplied. |

25 Thus, in order to obtain the correct positional
information from the servo bust patterns, the

magnetization transition curvatures 80 generated at



information fromthe servo bust patterns, the nmagnetization transition .
curvatures 80 generated at 2 9 MAR 2007 13 the end portions of the tracks
must be suppressed to prevent the asynmmetry from bei ng generat gg Qﬁ%»ﬁﬁn
the servo burst patterns A and B. That is, in order to effect the highly
accurate head positioning operation, 5 a length of the nmagnetization
transition curved portion Rin the trackis dthw se direcplon in the
magneti zation pattern 60 must be reduced as nuch as possible as shown in
FIG 6. FIG 7.shows that the recording magnetic field 10 distribution 70

of the recordi nhdmgnretd s bl afhe the Wd tg read (%fé§%&)t@c ordi ng

c
tothis enbodinent is set and checked on the di sk nmedium surface. That

is, the wite headreaccanidi ngemdttys fiomehodigrendias: & Ydusddl & whi ch
the return yoke 12 is arranged as a shield nmenber of the recording

magnetic fiel d gemotuder sty date execordiagd magnettia: pod e idb@skeshawn in FIG
7. The recording magnetic field varies froma maxi numvalue of a positive
magnetic 20 fi elidaah disi thighd Y0 asrcur ategdtdac pregneitdrcifd elgbrdtit@nsity in
a short distance (gap Gin FIG 1) from the rear end of the recording .
nmagnet i c Jpol e Bl k9 dHe oF tdhet maghesfi zatel aretturansjidkieonl ZuBased on this, a
sharp magnetic field inclination can be formed with 25 respect to the front
end side of th@qQQ%WHﬁhdn.the track widthwise direction in the
magnetization pattern 60 must be.reduced as much as
possible as shown in FIG. 6.
FIG. 7 shows that the recording magnetic field
10 distribution 70 of the recording magnetic-pole 11 of
the write head (see FIG. 1) according to this
embodiment is set and checked on the disk medium
surface.
That is, the write head according to this
15 embodiment has a structure in which the return yoke 12
is arranged as a shield member of the recording
magnetic field produced by the recording magnetic pole
11 as shown in FIG. 7. The recording magnetic field
varies from a maximum value of a positive magnetic
20 field intensity to 0 or a negative magnetic field
intensity in a short distance (gap G in FIG. 1) from
the rear end of the recording magnetic pole 11 to the
front end of the return yoke 12. Based on this, a
sharp magnetic field inclination can be formed with
25 respect to the front end side of the recording

magnetic pole 11 without the return yoke 12 as the

distance between the recording magnetic pole 11 and



magnetic pole 11 without the return yoke 12 as the distance betmeen t he
recordi ng magnetic pole 11 and 2 9 MAR 2007 14 the return yok {@@ﬁh
functions as the shield nenber is short. Therefore, since the nagn@

field in the gap (G between the recording magnetic pole 11 and the
return yoke 12 becomes even in the track wi dthw se direction, a curV|ng
quantity of each track end portion can bg suppressed on the side close to
the return yoke 12 as the shield menber. FIG 9B shows a shape of a
magneti zation pattern 10 90 of the servo track signal recorded by the

wite head shawe ideth@ Qe AD showh imddiGSnD.ad Ne,e M@agNSt] zati on

pattern 90 is a pattern in which each nmgnetization transition curvature
91 in the tracknembedt W $1cdig.ection is reduced. 15 FIG 10 shows a result
of conparing the positioning accuracy (curved line 110) in the servo

wite operation usirfhdrefomd,t esihesd @ocaameri® thisd Bbodi gt with the
positioning accuracy (curved line 100) in the servo wite operation using
t he head 20 accl@dibegwesnt Héec orguanratiinee rexangdlie: pblad 11S,add tHG 10, a

horizontal axis represents each radial position of the tracks, and a
vertical ° axi s nedpraseinke d 2pdsiqomss myeer rior thearttiagk ati daohise adi al
position. The curved |line 110 shows 25. positioning characteristics when
t he head pOSItIQﬁ¥Qﬁflon' a curving quantity of each track end
portion can be suppressed on the side close to the
return yoke 12 as the shield member.
FIG. 9B shows a shape of a magnetization pattern

10 90 of the servo track signal recorded by the write
head shown in FIG. S9A. As shown in FIGS. 9, the
‘magnetization pattern 90 is a pattern in which each
magnetization transition curvature 91 in the track
widthwise direction is reduced.

15 FIG. 10 shows a result of comparing the
positioning accuracy (curved line 110) in the servo
write opgration using the write head according to this
embodiment with the positioning accuracy (curved line
100) in the servo write operation using the head

20 according to the comparative example.

That is, in FIG. 10, a horizontal axis represents
each radial position of the tracks, and a vertical
axis represents a positioning error quantity at each
radial position. The curved line 110 shows

25, positioning characteristics when the head positioning

operation is executed by using servo information

(servo burst pattern) recorded on the disk medium by



operation is executed by using servo information (servo burst pattern)
recorded on the disk nediumby 2 9 MAR 2007 - 15 the wite head according
to this embodiment. As apparent fromFIG 10, it can be under StOo@Rt 2081t
tthe positioning characteristics obtained when using the wite head
according to this enbodi ment have no 5 positioning irregularities at each
radial position and the positioning is s{gbly carried out in all the
tracks as conpared with the head according to the conparative exanple. As
descri bed above, to sumup, the wite head 10 according to this enbodi nent

has a structuradd Wwhitch nde IR VPG 13,18 %@@ﬁg&@s the shield

. S
menber wth an internal of the small gap G fromthe rear ‘en of the

recor di ng magnetdga Ralte filom asrcshow) i RIG ﬂé-urﬁ@f@é&éc@tﬂé‘% E)’&?e

magneti zation transition 15 generated on the di sk nmedi um due

per pendi cul ar Wﬂﬂ@@f&ﬁd&eﬂi&i@gv@éw%@rm%ﬂ%_tﬂ? edge
portions of the nagnetization pattern can be reduced. In particular, in

case of recordivig tsehea@dadmatimgy iten 41y Pesmpendigatd@rndpgngli ¢ recordi ng
by wusing the wite head according to this enbodinment, since the curved
portions “of theoseriieriurstipmdudaritied et teagk mdiidwisss dii@ctaen can
be suppressed, the servo information wth the high si gnal quality can 25
be assured.. Ashe mesultionipy Headteddiv ionimied out in all the

tracks as compared with the head according to the
comparative example.
As described above, to sum up, the write head
10 according to this embodiment has a structure in which
the return yoke 12 is arranged as the shield member
with an internal of the small gap G from the rear end
of the recording magnetic pole 11, as shown in
FIG. 11. Therefore, in the magnetization transition
15 generated on the disk medium due to perpendicular
magnetic recording, the curvatures produced at the
edge portions of the magnetization pattern can be
reduced.
In particular, in case of recording servo
20 information by perpendicular magnetic.recording by
using the write head according to this embodiment,
since the curved portions of the servo burst pattern
in the track widthwise direction can be suppressed,
the servo information with the high signal quality can
25 be assured. As a result, the head positioning
accuracy in the perpendicular magnetic recording type

disk drive can be greatly improved.



accuracy in the perpendi cul ar magnetic recording type disk drive can be
greatly inproved. 2 9 MAR 2007 - 16 (Qther Enbodinents) FIG 11 is a view
iillustrating a structure of a wite head suitable for perpendiZ8lmr 2007
magnetic recording concerning another enbodi nent. The wite 5 head
according to this enbodi ment has basically the same structure as that
shown in FIG 1. This enbodi ment concerns;@ structure of the wite head
whi ch can accurately constitute servo tracks by recording servo
information in the servo wite step in 10 particular. In general, a

magneti zation tiant ifbNaRe of) the disk nediumis forned along a
recordi ng magnetic field contour havi ng the sane intensity as a coercive

force of the disk megigimii tid S, GeNSi dﬁ%%ﬁ@&lw% 19 Sybdigl enel y

excel l ent recording can be effected as long as a maxi mum recordi ng

magnetic fiel dwiriam thad wiitedieadd:s ppad miely dafol d-of this
coercive force. Here, in the recording nagnetic field 20 distribution 70

shown in FIG Feddrelimecaradicegninrgnratd thdd ednbdtistdrihut imfe shargl y varies
froman opposed portion of the recording nmagnetic pole 11 from which the

recor di ng magnétsiad facslotdiang i threls saubisidimidrad |hasmaxd e Imgneatid ¢ fiel d
intensity is 25 produced to an opposed portion of the return yoke at
same structure as that shown in FIG. 1.

This embodiment concerns a structure of the write
head which can accurately constitute servo tracks by
recording servo information in the servo write step in

10 particular.

In general, a magnetization transition shape of
the disk medium is formed along a recording magnetic
field contour having the same intensity as a coercive
force of the disk medium. It is considered that the

15 sufficiently excellent recording can be effected as
long as a maximum recording magnetic field from the
write head is approximately twofold of this coercive
force.

Here, in the recording magnetic field

20 distribution 70 shown in FIG. 7, the recording
magnetic field distribution sharply varies from an
opposed portion of the recording magnetic pole 11 from
which the recording magnetic field having the
substantially maximum magnetic field intensity is

25 produced to an opposed portion of the return yoke at
which 0 or the negative mégnetic field intensity is

obtained. At this time, since the recording magnetic



which O or the negative magnetic field intensity is obtained. At this
time, since the recording nagnetic 2 9 MAR 2007 17 field corr%ﬁgaﬁgiaﬁbto
t he coercive force of the disk mediumis substantially 1/2 of t X m
recording magnetic field intensity, it is distributed in the vicinity of
the center of the gap between the 5 recording nagnetic pole 11 and the
return yoke 12 (G in FIG 11) shown ith HG 7. Assum ng that each
curvature in the magnetic field distribution at the end portion of the
track on the disk nmediumis substantially circularly 10 distributed from

the end portiomiefld ke meeYRidig g moneld ¢ RAlE vl ¢ A &i reulal. qurvat ure

whose dianeter is "G 2" is generated, and its length Ris approximtely

G 2. If a trackediidith iETlsubeftanie sSarwa /2 rACk Hes 00981 than, thg.gap G

bet ween the recording 15 magnetic pole 11 and the return yoke 12 of the
head, a rati omefgrtelte ccufrivddi dortenesi tivy tie iseraMietridak dd i 2hor bel ow
even at the maxi mum |l evel. Therefore, if the gap G corresponding to the

di st ance bet weén aind tyeodr diheg aradreet iaf pdlee gbb aredtwezth tttee return yoke 12
is smaller than the servo track interval TL, the excellent track

posi tionPng opé&re&arer Ndamagaedrisyingdd Milt ot thei noptadvengste 18 f@ct ed by
the curved portion_in the recorded servo track signal. Moreover, this
enbodi ment  al sd™ dik&s tiHe ?@QWWIHRNﬂ§91ﬁ7¢ecording blurs due to a distance

(D) Assuming that each curvature in the magnetic
field distribution at the end portion of the track on
the disk medium is substantially circularly

10 distributed from the end portion of the recording
magnetic pole 11, a circular curvature whose diameter
is "G/2" is generated, and its length R is
approximately G/2. 1If a track width (TL) of the servo
track is longer than the gap G between the recording

15 magnetic pole 11 and the return yoke.12 of the head, a
ratio of the curved portion in the servo track is 1/2
or below even at the maximum level.

Therefore, if the gap G corresponding to the
distance between the recording magnetic pole 11 and

20 the return yoke 12 is smaller than the servo track
interval TL, the excellent track positioning operation
can be provided without being adversely affected by
the curved portion in the recorded servo track signal.

Moreover, this embodiment alsoc takes the

25 ~influence of recording blurs due to a distance (D)

from the recording magnetic pole 11 to the soft

magnetic layer 24 including the recording layer 22 of



fromthe recording magnetic pole 11 to the soft nmagnetic |ayer 24
including the recording layer 22 of 2 9 MAR 2007 - 18 the diz¥ ﬁ@ﬂ%gﬁ%zo
into consideration. As shown in FIG 11, the distance fromth ® he
recording magnetic pole 11 to the soft nagnetic |ayer 24 of the disk
mediumis defined as D. 5 FIG 12 shows a constant magnetic field contour
of a recording magnetic field applied to {fe disk nmediumfromthe wite
head according to this enbodiment. When a shield nenber corresponding to
the return yoke 12 is not provided at the rear end portion 10 of the

recording magneiie §die Wedidy CHF VAT e Vi 82 &5 §Adi U Dyl § gener ated at

the recording nagnetic pole 11 under the worst conditions, and ‘a constant

magnetic fiel demontiour He i @i ohimddetkofn-ides04 het «Pﬁ@dr%%&cﬁfﬁg"‘“ te
el d nenber

head according to 15 this enbodi nent, since the sh

correspondi ng dnagrditel ¢ gialie) Yokigo lthd Sspfovhalesealcthey&eass end gfe the
recordi ng magnetic pole 11, the magnetic field intensity directly bel ow
this shield nenbiesk becbimes 15 defided sasubstantially uniform zed with a
polarity 20 reversed fromthat directly below the recording nmagnetic pole
even thowgh it is snalG. Thesldorea ¢hmstaonshaghetrhgneié&tdféehtbeont our 92
on the shield nenber side exists in the gap (G between the recording
magneti c pol e PIf ghd @R Ferdirve groKel d 2f bl @Sanki edi e dthendiesk as shown i n

FIG 12. At this tine, ,
medium from the write head according to this

embodiment. When a shield member corresponding to the
return yoke 12 is not provided at the rear end portion
10 of the recording magnetic pole 11, a curvature having
a radius D 1s generated at the recording magnetic pole
11 under the worst conditions, and a constant magnetic
field contour 91 is obtained.
On the other hand, in the write head according to
15 this embodiment, since the shield member corresponding
to the return yoke 12 is provided at the rear end of
the recording magnetic pole 11, the magnetic field
intensity directly below this shield member becomes 0
or it is substantially uniformized with a polarity
20 reversed from that directly below the recording
magnetic pole even though it is small. Therefore, the
constant magnetic field contour 92 on the shield
member side exists in the gap (G) between the
recording magnetic pole 11 and the return yoke 12 as
25 the shield member as shown in FIG. 12. At this time,
the curvature generated at the end portion of the

recording magnetic pole 11 becomes short and a phase



t"he curvature generated at the end portion of the recording nagnetic pole
11 becones short and a phase 2 9 MAR 2007 19 shift caused due to the
curvature can be elimnated on the inner side of the original éﬁh$mangm7
magnetic field contour 91. In this case, a length L in the track w dthw se
direction of an area in which a phase lag 5 caused due to the curvature at
the end portion remains w thout being supstantially elim nated becones at

| east a length represented by the following expression (2) 10 L=D- Dz- 4
... (2) In order to prevent a waveform change due to a phase |ag generated
in this area frgmsaff j it iQn onRdi t| renresented by
the 15 follow ng rel aﬁc‘ﬁ%né;? %l{(%rtggg?{oetn d(?%\;%uus%&gcea%s% S llqlgn .né){)eé%or}f:Dz 4
C<TL ... (3) A deses iipiican siidd JOWHE HiMEMAS ddh RASULEIRN: i 20 sxayp! es
of the influence given to the signal quality of the servo track signal in
case of recordicegtserv®l.i nflor ratisoraae,t he disdermadiumdye usifg the wite
head according to this enbodi nent. As neasurenent paraneters, as shown in
FIG 11, there widdhsdtsea daqpdd izt loet weermnde irecridimg magnss ilagpol e 11
and the return yoke 12 (shield nenber), and a distance (spacing) D from
the end &f the GGG reyridis cydlad e arid tihee ersbffortrignetiamd iayer 24

of the disk medium Here, as the disk nmedium 20, there is used one having
a without being substantially eliminated becomes at

least a length represented by the following
expression (2).

G?.

10 L=D-,|D*-
. 4

. (2)

In order to prevent a waveform change due to a
phase lag generated in this area from affecting the
positioning, the condition represented by the

15 following relational expression (3) must be satisfied.

2
0<D—JD2—ir<%§ . (3)

A description will now be given as to measurement
20 examples of the influence given to the signal quality
of the servo track signal in case of recording servo
information on the disk medium by using the write head
according to this embodiment. As measurement
parameters, as shown in FIG. 11, there are set a gap G
25 between the recording magnetic pole 11 and the return
yoke 12 (shield member), and a distance (spacing)} D
from the end of the recording magnetic pole 11 and the
soft magnetic layer 24 of the disk medium. Here, as

the disk medium 20, there is used one having a



2 9 MAR 2007 20 thickness of the recording |ayer 22 being 20 nm a
thickness of the oriented |ayer 23 being 15 nm a thickness of the
protection layer 21 being 3 nm and a distance fromthe medi um suof ase 2600

the soft magnet
(flying height)

ic S5 layer 24 being 38 nm Here, if a flying quantity
bet ween the end of the recording magnetic pole 11 and

t he

medi um surface is 12 nm the spacing Dis;p0 nm FIG 13 shows a result of

i ncorporating i

n the 10 disk drive the disk nediumon which servo

information is recorded by the STW41 using each of the conventional
according to theicumayatdvamrxagledang thewii e, z?\éligﬁﬁ,glig_g to this

enbodi ment, and nmeasuring the head positioning accuracy.
- measurement resHilc ki3 LU eSROMIS et @ TaPEr | 15 Wi Ty

head

G 13, a
the head; accordi ng

to the conparative exanple, i.e., the conventional single pole type head
(G cannot be deftiimdchearsd dfs thf ipHidtad ot i@ eBdYet 2Usegin@nd dhe sp@cing D

is 50 nmwhilst the 20 servo track pitch TL is 0.1 mas the neasurenent

parameters. A rEaharererniraresulet nlili worsesponsstd otite CaSLL iMagndi &b t he
wite head according to this enbodinent is wused, and the gap Gis 300 nm

the spaciong D il@¥5% @fh X iaed 3thewmservo track pitch TL is 0.09 mas the

measur enent paraneters. A neasurenent result 132 corresponds to a case in

10

15

20

25

Here, if a flying quantity (flying height)
between the end of the recording magnetic pole 11 and
the medium surface is 12 nm, the spacing D is 50 nm.

FIG. 13 shows a result of incorpérating in the
disk drive the disk medium on which servo information
is recorded by the STW 41 using each of the
conventional head according to the comparative example
and the write head according to this embodiment, and
measuring the head positioning accuracy.

In FIG. 13, a measurement result 130 corresponds
to a case in which the head according to the
comparative example, i.e., the conventional single
pole type head (G cannot be defined and is infinitely
great) is used, and the spacing D is 50 nm whilst the
servo track pitch TL is 0.1 pum as the measurement
parameters. |

A measurement result 131 corresponds to a case in
which the write head according to this embodiment is
used, and the gap G is 300 nm, the spacing D is 55 nm
and the servo track pitch TL is 0.09 pm as the
measurement parameters.

‘A measurement result 132 corresponds to a case in



2 9 MAR 2007 - 21 which the wite head according to this enbodinent is
used, and the gap Gis 70 nm the spacing Dis 50 nm and the servo track
pitch TL is 0.09 mas the nmeasurenent paraneters. 5 1n FIG 13,4ﬂh@AR 2007
measurement results 130 and 131 show that the servo information with the
deteriorated signal quality is recorded and the head positioning accuracy
is degraded. In particular, on the inner 2peripheral side or the outer

peri pheral side, the head 10 positioning accuracy is |owered as a skew
angle of the head beconmes |arge. On the other hand, the neasurenent result

132 shows thatwhike seeveritommld arididdie diagh dualdddi ndrit rgcor ded on
the di sk medium and the high head 15 positioning accuracy is assured in

t he substanti allsped,ertidr eheange i itsher or agh,alt Hd rg;fatd'iqgg Dhad 965.nr@S can

be understood fromthe neasurement result 132, perpendicul ar magnetic
recording of tRedséheo senvicortnetdlopiidth Tthe shiggoayal idsy tean be realized
by 20 using the wite head shown in FIG 11 and setting the condition that
the gap G is né&CeonNEEemnehin pehfersdrans . track pitch TL as the neasurenent

par aneters or satisfyin%%the condition shown in the Expression (3) wth a
rel ati onshi p bet weerdt Hd G-edpbcttiie rasmananst 23 udi3y 4 SPaci ng D.

t is to be noted that, as the follow n measur enent exanple (which wll
Le referred toS wathat the servo 1nfo£%atlon with the deteriorated

signal quality is recorded and the head positioning
accuracy 1is degradea. In particular, on the inner
peripheral side or the outer peripheral side, the head

10 positioning accuracy is lowered as a skew angle of the
head becomes large.

On the other hand, the measurement result 132
shows that the servo information with the high quality
is recorded on the disk medium, and the high head

15 positioniné accuracy is assured in the substantially
entire range in the radial direction. That is, as can
be understood from the measurement result 132,
perpendicular magnetic recording of the servo
information with the high quality can be realized by

20 using the write head shown in FIG. 11 and setting the
condition that the gap G is narrower than the servo
track pitch TL as the measurement parameters or
satisfying the condition shown in the Expression (3)
with a relationship between the respective parameters

25 including the spacing D.

It is ‘to be noted that, as the following

measurement example (which will be referred to as d



2 9 MAR 2007 22 for the convenience's sake) the high positioning _
accuracy that a positioning error at all the radial positions on the disk
medi um beconmes not nore than 15 nmcan be assured when the wite baagiag 27
éccording to 5 this enbodinent is used, and the gap Gis 70 nm the
spacing Dis 55 nmand the servo track pitch TL is 0.09 mas the
nmeasurenent paranmeters. As a simlar neasppenent exanple (which will be
referred to as h for the convenience's sake), when the 10 wite head
according to this enbodinent is used and the gap Gis 100 nm the spacing D

s 50 nmand tfiey: a8 Gtk MO Hake) Old M43 bhe; frasrgment pa-
posit1oning

rameters, the high positioning accuracy that the rror at al

the radial posiddcansm.an the: 15 s sk mdigm becomes: noty moke 1hap, 15 nm can

be |ikew se assured. On the contrary, in the follow ng respective

nmeasur enent exargdiasi dhich tid ldhe mederumedod @omss enot fmsd ghier the
conveni ence's sake), the worst value 20 of the positioning error val ue at

each radial posi% inan caresid tassured wilate wxeeaedt ng Hoadmcaniihe to
sufficient positioning accuracy cannot be obtained. Specifically, each
measur enent  exdripie ermdisspundss tused camed i thaehgah & hies Wi trem heage 25
according to this enbodiment_is used, the spacing Dis 50 nn1and the servo
track pitch TL SERGI0 Iniss Tham b irheresr r par anetlersi t el rebs ur enmrent
exanpl e (e) 0.09 pym as the measurement parameters.

As a similar measurement example (which will be
referred to as h for the convenience's sake), when the
10 write head according to this embodiment is used and

the gap G is 100 nm, the spacing D is 50 nm and the
servo track pitch TL is 0.13 pum as the measurement pa-
rameters, the high positioning accuracy that the
positioning error at all the radial positions on the
15 disk ﬁedium becomes not moré than 15 nm can be
likewise assured.
On the contrary, in the following respective
measurement examples (which will be referred to as e,
f and g for the convenience's sake), the worst value
20 of the positioning error value at each radial position
results in a value exceeding 15 nm, and the sufficient
positioning accuracy cannot be obtained.
Specifically, each measurement example
corresponds to a case in which the write head
25 according to this embodiment is used, the spacing D is

50 nm and the servo track pitch TL is 0.09 um as the

measurement parameters. The measurement example (e)



2 9 MAR 2007 23 corresponds to a case in which the gap Gis 100 nm as

the measurement parameter other than those nmentioned above. The 29 MAR 2007
nmeasurenent exanple (f) corresponds to a case in which the gap Gis 120 nm
as the neasurenent 5 parameter other than those nentioned above. The
nmeasur enent exanple (g) corresponds to a case in which the gap Gis 140 nm
as the neasurenent paraneter other than.2those nentioned above. As

descri bed above, to sumup, in the 10 perpendi cul ar magnetic recording type
disk drive, as the wite head of the STW41 used in the 'servo wite

step, it is desigralspdls the 4 eafseenth Qfn SUFN 1 b%‘%%diié”'%d”@ tic pole

11 as shown in FIG 11 to have a structure suita for perpendi cul ar

magnetic 15 redtfedinteg Sur amurth gdieideatds nootake didsha g thssmldg g9ap G
is arranged as the shield nmenber. Additionally, perpendicular nmagnetic
recording of tédcser.vo The oremsurtaneh tMdsharigles hiQh diatddperan e 4 eal i zed
by setting the condition that the gap Gis narrower than the 20 servo
track pitch TL c@sea igondiitdtortheheramr et ardi gy the asseriwo radarmatdan, or by
satisfying the condition shown in the Expression (3) with the relationship
bet ween tthe refFeaNaiepartdimt e fdlash mentthenabadiawg .D. &It is to be
noted that the description has been given as to the exanples in mhlch t he
servo i nf or nafiSGFYENEtorded e Ui ngatte shadidmatted sserase in which

the gap G is 140 nm as the measurement parameter other
than those mentioned above.
| As described above, to sum up, in the:

10 perpendicular magnetic.recording type disk drive, as
the write head of the STW 41 used in the servo write
step, it is desirable for the rear end of such a
recording magnetic pole 11 as shown in FIG. 11 to have
a structure suitable for perpendicular magnetic

15 rebording in which the return yoke 12 having the small
gap G is arranged as the-shiela member. Additionally,
perpendicular magnetic recording of the servo informa-
tion with the high quality can be realized by setting
the condition that the gap G is narrower than the

20 servo track pitch TL as a condition when recording the
servo information, or by satisfying the condition
shown in the Expression (3) with the relationship
between the respective parameters including the
spacing D.

25 It is to be noted that the deséription has been
giveﬁ.as to the examples in.which the servo

information is recorded by using the dedicated servo



2 9 MAR 2007 24 recording device as the STW41 in connection with this
enbodi nent, but the present invention is not restricted thereto? %amirtiog
hi ghly accurate data recording can be also realized in the recording 5
operation for user data in the disk drive. Specifically, there are
advantages, e.g., facilitating an inprovenent in accuracy with al nost no
shifting of an azinmuth angle between thegervo track signal and the read
head or the influence of eccentricity. 10 Additional advantages and

nodi fications will readily occur to those skilled in the art. Therefore,

the invention irkddraliRiOaReri @spacttd St i1 ted 1.+ e shscific
details and representaffve enbodi nent s shomnjané§%g§%ﬁ %&jﬁﬁﬁﬁﬂg?ls

Accordi ngly, vamieus ik gjoaidd catd @iegmt hevmde oM tihoyf,departing from
the spirit or scope of the general invention concept as defined by the

appended cl ai myegnit itdteid tégutiewal entral  thed HYRAR 120G c13% MHATL 1S CLAI MED | S:
1. A disk drive conprising: a disk nmedium for perpendicular magnetic 5
recordi ng; and r2ovagliewn cahede ialcdaudiard iz amiin reeonrddgdiragnetic pol e
whi ch applies a perpendicular recording magnetic field onto the disk
nmedi um aRd an @Peratdop fvagretec dadlee, int Hdeauhisk ami wmgnetic pol e being
Specifically, there are advantages, e.g., facilitating
an improvement in accuracy with almost no shifting of
an azimuth angle between the servo track signal and
the read head or the influence of eccentricity.
10 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
15 modifications may be made without departing from the

spirit or scope of the general.invention concept as

defined by the appended claims and their equivalents.



IO arranged on a rear end side of the main recording nagnetic pole in a
relative traveling direction of the magnetic head, a |length of the
guxiliary magnetic pole in a track widthw se direction on the disk MABd200mM
being larger than a length of the main recording 15 magnetic pole, wherein
the auxiliary magnetic pole is fornmed of a magnetic material having a | ow
magnetic flux saturation density with regggct to the main recording
magnetic pole. 2. A disk drive conprising:“20 a di sk nedium for

per pendi cul ar magnetic recording; and a nmagnetic head including a main

recording magnetic pole which applies_a r icyular recording nmnagnetic
field onto the disk nedium and an%gégiﬁﬁagiAgg%ﬂagﬁetic pole, the auxiliary
magneti c pole being arranged on a rear end side of the main recording
magnetic pole in a relative traveling direction of the 2 9 MAR 20Q7 26

magnetic head, a length j 1 IR ic pole in a track
w dt hwi se direction g%’tﬁ% %?%ﬁ%#%%%%ﬁ%& elngfﬁgiger than a length of the

mai n recording - magneti & ppl g wher £LR SDEAUI Listy RgRSLLE pol e has 5 a

small gap froma rear end of the main recording nagnetic pole, and is
arranged as a shigld-deberanyhi ch shields a recording magnetic field of
the main recording nagnetic pole. 3. A disk drive conpri sing:

a magnetic head including a main recording
magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary
magnetic pole, the auxiliary magnetic pole being

10 arranged on a rear end side of the main recording
magnetic pole in a relative traveling direction of the
magnetic head, a length of the auxiliary magnetic pole
in a track widthwise direction on the disk medium
being larger than a length of the main recording

15 magnetic pole, wherein the auxiliary magnetic pole is
formed of a magnetic material having a low magnetic
flux saturation density with respect to the main
recording magnetic pole.

2. A disk drive comprising:

20 a disk medium for perpendicular magnetic
recording; and

a magnetic head including a main recording
magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary

25 magnetic pole, the auxiliary magnetic pole being
arranged on a rear end side of the main recording

magnetic pole in a relative traveling direction of the



T0 a di sk medium for perpendicul ar magnetic recording; and a magnetic head
including a main recording nagnetic pole which applies a perpendicul ar
r.ecording nagnetic field onto the disk nmediumand an auxiliary 15 magnetic
pol e, the auxiliary nmagnetic pole being arranged on a rear end %9d@”gﬂmfhe
main recording magnetic pole in arelative traveling direction of the
magneti c head, a length of the auxiliary q@gnetic pole in a track

wi dt hwi se direction on the disk medi um 20 ing larger than a |l ength of the
mai n recording magnetic pole, wherein the snall gap between the main

recordi ng magnetic pole and the auxil.iar netic .pole is smaller than an
interval of tradéSTsdddt dsifdn @ ﬁf?élq}'i}bkgﬁrer%?%rﬁQW]dcac%yr dAHEE Wi ¢ I‘Poafe

recordi ng 25 naggfg%c fi?;%i#éﬁaéggﬁéggéhgf%ﬁnégrgke Jg%idé#§&§. 4. A

magnetic head d i'n Téecording magneti c pol'e which

applies a 2 9 N‘%%@noggglnad@euﬁpgypa%dg A GO AINGBINld L di g d onto the

di sk nedi um f or” per nmagheti ¢ recor g, and an auxiliary

magnetic pole, the auxiliary mgnetd o, pale helng Ay anaad O 51 & &t s end

side of the main recording magnetic pole in a reldative novenent direction

of the magpetic hegghi R gd@ngidh of fdier ashd | dArdhdraenet | Cegob@ing a track
w dt hwi se direction on t%e di sk nedium being larger than a length of the
mai n recording eohedtLc P B, and is arranged as a shield member
which shields a recording magnetic field of the main
recording magnetic pole.
3. A disk drive comprising:
10 a disk medium for perpendicular magnetic
recording; and
a magnetic head including a main recording
magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary
15 magnetic pole, the auxiliary magnetic pole being
arranged on a rear end side of the main recording
magnetic pole in a relative traveling direction of the
magnetic head, a length of the auxiliary magnetic pole
in a track widthwise direction on the disk medium
20 being larger than a length of the main recording
magnetic pole, wherein the small gap between the main
recording magnetic pole and the auxiliary magnetic
pole is smaller than an interval of tracks recorded on
the disk medium in accordance with a recording
25 magnetic field from the main recording magnetic pole.
4. A magnetic head device comprising:

a main recording magnetic pole which applies a



T0 wherein the auxiliary magnetic pole is fornmed of a nagnetic materi al
having a | ow magnetic flux saturation density with respect to the main
recording magnetic pole. 5. A magnetic head device conprising: 159 aMARaR087
recordi ng magnetic pole which applies a perpendicular recording magnetic
field onto the disk nediumfor perpendicular magnetic recording, and an
auxiliary magnetic pole, the auxiliary ma tic pole being arranged on a
20 rear end side of the main recording maghetic pole in a relative
novenent direction of the nmagnetic head, a |ength of the auxiliary

magnetic pole in a track w dthw se direction ong%legisk ngg%uqébq%ng
larger than a IRHRIPGICHIRF P TE T Tagneti T DAEC 25 Wietein t he
auxi liary magnetic, pole has a small gap froma re end. of t i n
recordi ng magneti%opot €-°F éhedrf?esnéalr?'glnagrednaa NS Shiel ¢ gr:(gln%i’r %A‘ﬁclig%l‘ shi el ds
a 2 9 MAR 2007 28 recording net | ield of the main recording magnetic
pole. 6. A servé“ﬁf%%%%#j appar a ng%gﬁ%rising: a unit which outputs servo

information to be 5 recorged; opafy dhakndedl UR oM Oeipendi suban fRonet iC
recording; and a magnetic head 1 ncluding a main recording magnetic pole

whi ch applg es a jperpendi cii d §ecoidingn egnetd tind idghont® pdiee diska
medi um and an auxiliary '
relative movement direction of the magnetic head, a
leﬁgth of the auxiliary magnetic pole in a track
widthwise direction on the disk medium being larger
than a length of the main recording magnetic pole,

10 wherein the auxiliary magnetic pole is formed of a
magnetic material having a low magnetic flux
saturation density with respect to the main recording
magnetic pole.

5. A magnetic head device comprising:

15 a main recording magnetic pole which applies a
perpendicular recording magnetic field onto the disk
medium for perpendicular magnetic recording, and an
auxiliary magnetic pole,

the auxiliary magnetic pole being arranged on a

20 rear end side of the main recording magnetic pole in a
relative movement direction of the magnetic head, a
length of the auxiliary magnetic pole in a track
widthwise direction on the disk medium being larger
than a length of the main recording magnetic pole,

25 wherein the auxiliary magnetic pole has a small gap
from a rear end of the main recording magnetic pole,

and is arranged as a shield member which shields a



IO magnetic pole, the auxiliary magnetic pole being arranged on a rear end
side of the main recording nagnetic pole in a relative nnveneq} dlrectlon
qf the magnetic head, a length of the auxiliary nmagnetic pole ¥

wi dt hwi se direction on the disk nmedium 15 being | arger than a Iength of the
mai n recording magnetic pole, wherein the auxiliary magnetic pole is
formed of a magnetic material having a lo §agnetic flux saturation
density with respect to the main recordiﬁ% magnetic pole. 20 7. A servo
witing apparatus conprising: a unit whi ch out puts servo information to be

recorded on a di sk medium for end| gnetic recording;, and a
magneti ¢ head |mﬂ93ﬁqﬁT%1Wﬁﬂq?§ %%‘?%tﬂgbﬁﬁﬁQ:ﬁﬁﬁ%féﬁﬂ%h applies a
per pendi cul ar recordlng ng&getlc fleld onto the di sk nedium and an
auxiliary nagnéd¥ ol auxiliary nagnetlc pol e being 2 9 MAR 2007

29 arranged on a rear enqu waf@H L{b ﬁ r@bTengtﬁﬁ%c pole in a

relati ve novenent dlrectlon o f the

auxi i ary magnetic pole,.in @qwc&%mv@é@vylfﬁmr@@tp@nt@@ g sk medi um
S being larger than a length o he main recording nagnetic pole, wherein

the auxiligary magneligedde Hasisia s dm 08P O dhd Barl £ntndnd thec mai n
recording nmnagnetic pole, and is arranged as a shield nenber which shields
a recordi ng magnetd&erdiel d £idthe main

a magnetic head including a main recording
magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary

10 magnetic pole, the auxiliary magnetic pole being
arranged on a rear end side of the main recording
magnetic pole in a relative movement direction of the
magnetic head, a length of the auxiliary magnetic pole
in a track widthwise direction on the disk medium

15 being larger than a length of the main recording
magnetic pole, wherein the auxiliary magnetic pole 1is
formed of a magnetic material having a low magnetic
flux saturation density with respect to the main
recording magnetic pole.

20 7. A servo writing apparatus comprising:

a unit which outputs servo information to be
recorded on a disk medium for perpendicular magnetic
recording; and

a magnetic head including a main recording

25 magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary

magnetic pole, the auxiliary magnetic pole being



10 recording nmagnetic pole. 8. A servo witing apparatus conprising: a unit
whi ch outputs servo information to be recorded on a disk nediun?&o&

per pendi cul ar magnetic recording; and 15 a magnetic head i ncl udfng AR A n
recording magnetic pole which applies a perpendicul ar recording nagnetic
field onto the disk nmediumand an auxiliary magnetic pole, the auxiliary
magneti c pole being arranged on a rear eg%?side of the main recording 20
magnetic pole in a relative novenent dire on of the magnetic head, a

| ength of the auxiliary magnetic pole in a track w dthw se direction on

t he di sk medium being |arger than acLeQ%%? %é he main recordin magneti c
pol e, wherein tR SRR §h btSidetthe i 25 e d6di rfge‘:rPﬂréﬁé{ c pole and
the auxiliary magnetic pole i.s small.er .than an interwval of. trac ecor ded
on the disk mediA#ST AdSrdance Wit & el dig 2 d\éui\ﬁ&%%b?fbé(%{e
magnetic field fro e I.n; recordi | l-e. : \ jding
appar at us conpr imsaﬁ(-:Inr;r'}ge:ttqaC Eﬁél ij% ?heq{o({]t?jpl%r{giér \C/aoLBél)'Ln]T oarrn‘vr(itnl1 o %%l(gé% d

recor ded on a dissk JRAR KAl RERENACU AN JRAIPt . &1 JIGRIHY: and a
magneti c head including a main recording magnetic pole which applies a

per pendi cul ar T ggordi NG JBIRALAE 4 il onter the disk mdidmang an
auxiliary magnetic pole,” the auxiliary magnetic pol e being
magnetic pole, wherein the auxiliary magnetic pole has
a small gap from a rear end of the main recording
magnetic pole, and is arranged as a shield member
which shields a recording magnetic field of the main
10 recording magnetic pole.

8. A servo writing apparatus comprising:

a unit which outputs servo information to be
recorded on a disk medium for perpendicular magnetic
recording; and

15 a magnetic head including a main recording
magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary
magnetic pole, the auxiliary magneéic pole being
arranged on a rear end side of the main recording

20 magnetic pole in a relative movement direction of the
magnetic head, a length of the auxiliary magnetic pole
in a track widthwise direction on the disk medium
being larger than a length of the main recording
magnetic pole, wherein the small gap between the main

25 recording magnetic pole and the auxiliary magnetic
pole is smaller than an interval of tracks recorded on

the disk medium in accordance with a recording



I0 arranged on a rear end side of the main recording nmagnetic pole in a
rel ati ve novenent direction of the nagnetic head, a length of th

auxiliary magnetic pole in a track widthw se direction on the di zr? MARIi 200
being larger than a length of the main recording 15 magnetic pole, wherein
a relationship represented by the follow ng expression (1) is satisfied: G
2 TLOD D- 4<2...(1) 20 where Gis't smal | gap between the main
recording nagnetic pole and the auxi Iiaryﬁﬁ'agnetic pole, Dis a spacing
froman end of the main recording magnetic pole to a soft nmagnetic |ayer

of the disk medium and TL ids fan i nterval. of servdo. tracks to be recorded
on 25 the diskmﬁﬂﬂQBﬁc fiel rom the main recording magnetic pole.

9. A servo writing apparatus comprising:
a unit which outputs servo informaﬁion to be
recorded on a disk medium for perpendicular magnetic
5 recording; and
a magnetic head including a main recording
magnetic pole which applies a perpendicular recording
magnetic field onto the disk medium and an auxiliary
magnetic pole, the auxiliary magnetic pole being
10 arranged on a rear end side of the main recording
magnetic pole in a relative movement direction of the
magnetic head, a length of the auxiliary magnetic pole
in a track widthwise direction on the disk medium
being larger than a length of the main reccrding
15 magnetic pole, wherein a relationship represented by

the following expression (1) is satisfied:

, G TL
0<D- D‘—§—<—— (1)
4 2
20 where G is the small gap between the main recording

magnetic pole and the auxiliary magnetic pole, D is a
spacing from an end of the main recording magnetic
pole to a soft magnetic layer of the disk medium, and
TL is an interval of servo tracks to be recorded on

25 the disk medium.



