. e3eyttulwFwny6yTycnLw . , TITLE OF THE | NVENTI ON DI SK DRI VE AND MAGNETI C
HEAD DEVI CE FOR PERPENDI CULAR MAGNETI C RECORDI NG BACKGROUND OF THE
| NVENTI ON 5 The present invention generally relates to a disk drive

adopti ng a perpendi cul ar magnetic recordi ng node, and nore m \“‘
a wite head which perforns perpendi cul ar magnetic recordlﬂﬂﬂ“wﬂw

a disk drive adopting a 10 perpendi cul a nmgnetic recording nndﬁ &here |s
used a nagnetic head having a wite head conprising a single pole type head
(SPT) suitable for perpendicular magnetic recording. This wite head has a

mai n magnetic pole (recording megrer orpeke) 1wresh rarp! i es 15 a recording
magnetic field in a perpendicular direction of a disk nediumand an

auxi l i ary nagnebiskKpbREVBhAND MAGKNEBIILeduBaDebEvVDCROkerR barbhsDpevpardi cul ar
magnetic recording type disk drive, an inprovenent concerning a structure
of the 20 witeMRGHHETILS RACORDINAr|ly pushed ahead in order to realize a

hi gher recording density. As a concrete exanple, a wite head structure in
whi ch a main magnetic pol e | SBAGKSRAEND oF aTHEaNVENBIQE away froma return
yoke has been proposed (see, e.g., Jpn. Pat. 25 Appln. KOKAlI Publication
No. 2001-201612). Thi'8er BreseRte iovenhdopr pencaadlyi seleses thae gisk
distribution of a magnetic field intensity emtted 2 froma wite
head can be nadgréﬁﬁrﬁdBHténgrélPPﬁ@e§ﬂ6€u5§rtHP§nﬁ§&8 SEFQELIPE. In recent

ear n the perpendicyl ar n t e k drive, there has
%eenscohflrnedpﬁo phéﬂanQHBﬁ ﬂﬁ lﬁH @H ¥ kB?FI ElBF Ee?QCUPHFﬁg

performs perpendicular magnetic recording.
Generally, in a disk drive adopting a
10 pérpendicular 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. As 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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rmagneti zation transition formwhich occurs on a di sk nediumdue to

per pendi cul ar 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 phenonenon occurs,
there is produced a problemin which a curyed-portion is generated at an
edge portion in a track widthwi se 15 direction of the servo burst pattern
and the asymmetry is generated. The servo information requires a high
signal quality siBfeal {iratbeRbaqaBaACEEr AGYeOEnarRe8d ROSLLE90hBTside
operation. Therefore, when a percentage 20 of the curved portion in the
entire servo bupgt thssi ReegaseduddartQ the curvature of the nmagnetization
transition form the signal quality required as the servo information
cannot be assured. |mnpaeteat! gearyt inathedpetipendikulAresanstat servo
tracks recorded 25 on the disk nmediumow ng to an inpulsion for a higher
track pitch, itresohdidgt bypgndiekt Heivafl thkree bhst beecautrwvatiuraegener at ed
in the edge portion in the 11 - 3 nmagnetization transition form i.e.,
t he edge gortioﬁhﬁnomﬁéoﬂrébhtmﬁdthdUSepdrtéenioﬁ ef racougnebi zati on
pattern. BRI EF SUMVARY OF THE | NVENTI ON 5 In accordance wi th one enbodi ment
of the present PAYBRELBATIPReFEaNS1IfEORI degmavWlisk aErCussi arl adfagka
magneti ¢ head for perpendicular magnetic recording. The disk drive

conpri ses a dis%eﬂgﬂmuaFFoFopB?EBﬁgﬁéGPéPrnﬁéﬁﬁﬁﬁécré@SPHﬂﬁQQ afd a

magneti ¢ head 10 i ncl.udi ng,a in recordin netic pole ich applies a
per pendi cul ar rgﬂﬁyagnﬁrnabﬁ8?§8ngeﬁH Bﬂtgngﬁ CBFSk Oredi SFEYnERENE

il ' l e, th i Li . L | e.bei d
Coar end side of £t Rhomit Koy 8ok dTRAT ARG FEpol BaFTLAOREPATY v et FATE | ng
15 directjon of otheeaORehLCaNEalyoapheagt Bagt obhe altlLiar Y iragnehic pole

' [
in a track w dthw se dlreC?IOH on the glskgﬁgglun16elng Farger than a

length of the nphRokREeEEhNgeHRIRELI ¢oPOLEeR BRI E6SPESERLRE OneEoTHE
SEVERAL VIEWS OF THE DRAWNG 20 FIG 1 is a view showng & structure of a

magnetic head fosepespesHteslia; wagAethesr paenhdhBdoaOBeenRsNd taR remhadi ment
according to the present invention; FIG 2 is a viewillustrating a

structure of a Bbodnced hepdobbemedni agitheaerhetedepbrEicn 3sis a view
showi ng a structure of a doubl el ayered di sk nmedi um concerning the

enbodi nent ; geder&t&l 4ti snaedgewpbkkistr ahi agtaaskr wititheiek a servo
track witer concerning the enbodinent; FIG 5 is a view show ng an

ext er nal 1 appear@htection of the servo burst pattern and the asymmetry

is generated.

The servo information requires a high signal
gquality 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. 1In 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



+of a.perpendicular nmagnetic recording type disk drive 5 concerning the
enbodi ment; FIG 6 is a view showi ng an exanple of a nmagnetization pattern
illustrating an effect of the enbodinent; FIG 7 is a view show ng an

exanpl e of the 10 magnetization pattern illustrating an effect of the
enbodi ment; FIG 8 is a view showing an exanple of the nagnetization
pattern of servo information illustrating the-effect of the enbodi ment; 15

FIGS. 9A and 9B are views showing a wite head and a magnetization pattern
of servo information concerning the enbodinment; FIG 10 is a view

illustrating a mgggeaeggt&@ﬁiﬁgaﬁgﬁe&aﬁyfeeﬂ9e&ngng the ehbgchootibhe
enbodi nent; 20 FI 11 is aviewillustrating a structure of a wite head

concerni ng anot her tegbedhaRNivi dELhGL sé2dli seat¥baWoifl hUshEAkEAdatgear di ng
magnetic field characteristics of the wite head concerning anot her

enbodi nent; andp2btétfs. 13 is a viewillustrating a head positioning
accuracy concerning the effect of another enbodi nent. - 5 DETAI LED
DESCRI PTI ON OF THE | NVENTI ONRERiFo SUMMARY &¢cHE I VENTIION present invention
wi |l now be described hereinafter with reference to the acconpanyi ng

drawi ngs.>5 (Structufe éfEchEgaacecwiishdpne embodiment of the present

invention, there is provided a disk drive including 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 récording 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 aécording to the present
invention;
FIG. 2 is a view illustrating 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;



'FIGS, 1 and 2 are views show ng a structure of a magnetic head for

per pendi cul ar magnetic recording concerning this enbodinent. 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 separated
fromwhich other, and is nmounted on a non-illustrated slider. The read head
14 is usually a head which has a GWR (gi any nmagnetoresis 15 tive) el enent
15 and is exclusively used for reading. The wite head is a single pole
type head suitable for perpendicular magnetic recordi ng, and has a

recording magnetic head .1l as a ¥Rkl AANSLatRALCa 8thALULRYBKE 12 as an
auxiliary magnetic pole and an 20 excitation coil" 13. The recording

magneti ¢ head ldeisof eraed wkidesobbnBBEAChCLtABt 8nbaliRaMtng a rel atively
hi gh magnetic perneability, and excites a recording magnetic field
according to a recor@IGg éuikent véawsstoREngoahl ewtkhalghppbaraxekt ation
coil 13. The recording magnetic pole 11 generates a strong recording
magnetic field df aapeopendidoharambgaekivi dehowdihgr egpectiitk drivé an
opposed surface (recording |ayer 22) of a disk nedium 20. The return yoke
12 is an auxili@ppcahghvgi EhpokwbbgdimanEh a per pendi cul ar magnetic fl ux
generated from5 the_recording magnetic pole 11 passes through a soft
magnetic | ayer of th&Ifat&r idedcViiBEdSBPYRNFedruRr2BPaRdOoEoAStitUtes a

cl osed magnetic gath .In regard to conirete materials of the recording
magnetic pol e 1H29RREIZEELPRI RELhBERet ! cUpbFaLART] ant 8EfBAT0PEathgnetic 10
mat eri al such as oft_pagnetic filmwhich includes iron (Fe) and cobalt
(Co) as main coﬁ%%ﬂéﬁ?gngﬁd has a hi gh maxi nrum magnetic flux saturation

density which is, e.?ﬁg ngtigegsv&ganE%quﬁbaanA%X%%paecg CE%%G mat eri al of

the return yoke 12, ‘retdrn yoke 1
10 magnetization pattern illustrating an effect of the
embodiment;

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

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

FIG. iO 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.



+15 fornmed of a magnetic material such as Permall oy which includes nickel
(Ni) and iron (Fe) as nmain conponents, has small nagnetostrictions and is
easy to be processed. The wite head according to this enbodi nrent 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 4hedisk nmedium 20. That is, the
return yoke 12 is arranged on a trailing edge side 25 of the nagnetic head
10. Therefore, the recording magnetic pole 11 is provided on a | eading edge

side. Further, in the wpgeheas sty of e nvENTI@PPOdi ment, the
recordi ng nmagnetic pole 11 and a part 12A of the return yoke 12 are

oppositely arranged pinbbdameéfky Bachewiggrt6 ther phekwaenianehieosi de
opposed to the disk nedium20. 5 As shown in FIG 2, a track correspondi ng
to a track wi dthiTWodwtbe desteibeddhesetnastetruivédhonetbeetsktaedi um 20
by perpendi cul ar magnetic recording using the recordi ng magnetic pole 11.
In a direction bhetacsonpavkinpgdthawangength of the return yoke 12 is 10
formed to be very larger than a length of the recording nagnetic pole 11.
(Di sk Medbum DiSkreetveeand MegnetIcaRaWiter) As shown in FIG 3, the

di sk nedium 20 is a doubl e-| ayered perpendi cul ar recordi ng nediumin 15

whi ch a per pendi cul aFIfdgnét PEYr écBF&i HdSray EROMMATCR RICFNChETS /| ¢
referred to as a recgrdigg Iaéer) 22 ana,a ioft magnetic | ayer 24 are
super i nposed on&98GbitrAFRI250T| PeFRePgLGBLIAL: BAIERLL CakeGPEEAREd | ayer 23
and a 20 protection |ayver .are_sequentiall uper i nposed .on the substrate
25. Furt her mor e °8aghH" ﬁgefﬁﬁﬁnﬁW$8§§m§n rln¥F§rn§d18faaségﬁp8§PFF6n of a
plurality of di i al esgri be ve, er pendi.cu

magneti c fl ux a%%?#ggﬂ%g?%§%hé %%g§?5§ﬁ952g9|gy§?8§§ Fgo ngﬁggaoPﬁ
the softqgmagnetjg.l,ayer 24 and the return yoke 12, turned to a weak
magnetic field and forns a cl osed magnetic path returning to _ g _the
excitation coil 13. hnphhgePerpgBdyCUbahBBYNGH: ¢l BeatdibAg LYRE @i sk drive
50, as shown in FIG 5, the disk nmedium 20 attached to a spindle notor 51
and the magnetilke&@ats SwADcHO8AEEdepaAratiecaCcFuainowhbehabenasserhbedsi n a
case. The actuator 52 is a head positioning mechani sm which noves the head
10 on the di sk mednued20ni a tbe~tatliatrdtedctidderher @bk byad debd ng force
of a voice coil nmotor 53. 10 Moreover, as a disk drive manufacturing step,
there is a servbsvisteldyep hgadhwbhchehgs anEMRmigienti mageetodedisn t he

di sk medi um 20 i n advance. The
15 tive) element 15 and is exclusively used for reading.

igugh

The write head is a single pole type head
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 excites 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

field by narrowing down a track width with respect to



rservo wite step uses a dedicated servo track witer (STW 41 as shown in
FIG 4. 15 In this enbodi nent, the STW41 has an actuator 40 having the
magneti ¢ head 10 for perpendi cul ar nagnetic recordi ng nounted thereon.
Therefore, the STW41 records servo information on the disk medi um 20 by
per pendi cul ar magnetic recordi ng using such a wite 20 head as shown in
FIG 1. The servo information roughly conpgise 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 STW41 may have
a servo wite 23,pgphekBlingupedesWni-eho1ge 421 HBERELES Bead a§§ﬁ”b' ed in a
di sk drive 50 to be manufactured in addition to a node having the magnetic
head 10 as a semn¥Qimki be. - 9 dedicated head. (Operation of

Per pendi cul ar Magnetic Recording) A description will now be given as to the
per pendi cul ar nagnet Ther eetndnngokpenat ienaaf atike 13 awki haghead cwhenet he STW
41 is used to record servo information on the disk nmedium 20 by utilizing

t he magneti c hebhy @bichcer perpetrdicnléhemdgrktdei f@uk0gehartheddifgbmdri ve,
many tracks (data tracks) having concentric circular forns are constituted
on 10 theddi sk hedi nereodingt negnatial pdieetti passher ébtoughnaosdék to
identify each of these tracks and gosition the head 10, there is a servo
wite step of pRednebsfyle¥esrdfnghsetebernfioppuibed pfaskhmeddnuf 36t uri ng
process. 15 Cenerally, in the disk_drive, there is adopted a sector servo
mode that a recBPdi AgNEFaLUFESta SeEE8F) MpERelafaratl-a FBcERERAE &Pea

servo sector) for servo informatio e divided into areas and a_pluralit
gf t hese two %yﬁ%ECB? BiW?ggalgﬁéag egﬁgtr?ﬁ°5§én9rQégpegéCVHQﬁealﬁecordiné

o gnal (eervo | DhorUBLLOML hof g SET 481820 oL 1 5 o ecorded ol

not be erased by overwi

wites sgévo.inﬁﬁggggg?nﬁ SErye grgggﬁzggaﬁgkignfﬁﬁﬁ ngghnquﬁghgg 25 by

using the wite head o e magnetic i ncorpora int I'sk drive

50. Here, FIG 8rshowsed HﬁHHEBBéﬁﬁiQ@opaégeﬁﬁin_boﬁgSnéﬂ@Ee%hadh%% a
by a ead

per pendi cul ar magnetic recording on the di sk nedi um wite

having a structHighdhbkenent nhgABLIBerMikt 8abaadt26606dhRE ti0whAks:
enbodi ment (which will be referred to as a head 5 according to a

conpar ati ve exanp) eehegr gi natt 2eys thakl & t8sleef erenge ahabactrers A and B
denote servo burst patterns.
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



1 The head according to the conparative exanple has a structure in which a
recordi ng magnetic pole 11 is 10 arranged on a rear end side with respect
to a head traveling direction 10A and a gap between the recordi ng magnetic
pole 11 and a return yoke 12 is |arge as conpared with the wite head
according to this enbodi nent shown in FIG 1. That is, the rear 15 end side
of the recording nmagnetic pole 11 of the head according to the conparative
exanpl e i s opened. When a magneti zation pattern 60 of the servo track
signal is recorded by using such a head according to the conparative
exanpl e, curyatémﬁédﬁﬁeae,cayéegeggﬁdi@grﬁggﬁgtﬂg BbuEs1@rgngenepated in a
track widthw se direction (TW as showmmin FIG 8. FIG 6 is a view show ng
this magnetizatiom pattiesnré6fuin askeniarged sppoeiteIPesershgyatwies are
gener ated because an 25 constant magnetic field contour distribution of a
recordi ng magneticefyehartowmyapeGhehdrabebwdengohothbestdapappbsga exanpl e
is curved at an end portion of - 11 the head as spacing fromthe head is
| ar ge when forniagthe ndgektiediion20ransiti on on the di sk medi um
Cenerally, in the servo track signal wite operation, there is used a track
wi dt h (TV§ of the 5 {fi cBoneadnwhilEh £s sufriekempryebrrydingt hor espect to
the servo track interval. In the servo track signal wite operation, there
i s adopted a netFRekbyidRRcR7tAE GRetwrhbadheradiéa ePBRtLABTtEdt eRnbEE
ci rcunference on, the disk giun1in a fixed direction, i.e., the 10
i nnernost ci r cutt e%??éng$ eRYi BRTBRNAESUL 8T ePRENAFFECEPERTAATPPe si gnal s

f th I Ve, Kk L F 8.sh .the, .
mmgneti zat on pa Pa nkisr Forer eEpd SR EE pabPaPnk A afl B BAFCRCAPE
ti | b ' h Leh i LXe Kk
nierval s Vor o ol hougFetRe' FAEat dinhagact Fo el AP PBAVORE W71 6 hoad

I's eVen'Nbgenerﬁéﬁﬂeantéhﬁevb8£9il&r?érteﬁﬁﬁeHF§énBEhtB$ %h@CkS’ the

recording magnetic field becones dull in the vicinrty o e track ends and

20 curvatures ofetbedingnghyhenitopsrareigenerated at the track ends as
shown in FIG 6 since the recording nmagnetic field three-dinensionally
spreads. In Fl GD6skaliébbugh pusk beneeohntihseendi reatkawkstbaye the curved
forms at the track ends, the curvatures 25 remain on the side where no
signal is overwitteAsbebawseihh&Iser 39 shgndliskameddaver 0| tisea at narrower
intervals than the recording track width of the head. - 12 Meanwhile, in
FIG 8, it can ®%eubheetsyevddt parpehdicutacdrpoeridng meddumt ihor a | arge
percentage with respect to the entire signals. In the small positioning
control ¥or postiRiehi agrerpaedhagheti BapBagicoracorféneehne#erof whieht r acks,
t he magneti zati on gatterns of the above-described servo burst patterns A

and B are used."ShecPfi EAPPyY L8IShBGA FR RPGR BeCRKEANE BBYRdAr ¢2porti on

bet ween the servo_,burst patterns.A and B .ﬁ to be posi.tioned as 10 the
center of the da*% fragk ,m?ﬁ8€§b§i??¥ﬁrn8 cBhfr gpPerimposea 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



ris carried out in such a manner that a signal anplitude froma track A and
a signal anplitude froma track B becone 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 fromthe
boundary between the servo burst patterns A and B due to the curvatures 80
of the magnetization transition forns in tde sragneti zati on pattern 60, the
20 read signal anplitude fromthe servo burst pattern B becones small er
than the anplitude fromthe servo burst pattern A even if the read head

exi sts on this pRYNARAFYtafNEnerEONe@ys positional information is supplied.
25 Thus, in order to obtain the correct positional information fromthe
servo bust patterns, Ihheheagaeperditalakr AAghi@R euE¥vabunhgs t§Begangkat ed
at - 13 the end portions of the tracks nust be suppressed to prevent the
asymetry fromdeing peneaat sdobet wpeRIGheS5setke Busktmpatitarns A and B.
That is, in order to effect the highly accurate head positioning operation,
5 a length of tattashedtteati spindaasnoton blirwed pbetimagnRtio hbedtrack

wi dt hwi se direction in the magneti zation pattern 60 nmust be reduced as mnuch
as possi bPe as Lhowpunhed| ap 8n griafoshbdsarhaasshmbledoidi agcaagnetic
field 10 distribution 70 of the recording magnetic pole 11 of the wite
head (see FIG 1)earebraray £6 inia Bapddraehtipniset maabashewkebich t he

di sk nmedi um surface. wrjte head accordigg to this 15

That. i s, |
enbodi nent has %9%??u5?%r%é$ﬂ iﬁfeﬂ the fetlrRegorn L8 SPPangeddas a

shi el d nmenber of. ecordin netic field produced by the recording
magnetic pole 1 léggg%%QMEg%r%?g?g¥.aTﬁﬁlyéggrgPﬁﬁenﬁgngtVBlFFeFaléaries
froma naxinun1ﬂg{§§ ?g.a positive magnetic 20 field intensity to O or a
negative magnetic field intensity in a short distance (gap Gin FIG 1)

fromthe gear end of mbbeoteeor dsng H@QQeﬁkﬁvgphgpﬁgﬁgQuEQﬁgf%%%%hend of the

return yoke 12. Based on this, a sharp magnetic Incli'nati can be

formed with 25 trspeciste tbevbrapitendtshdsyofinthe 58ephdiAg PRIRELKLC pole
11 without the return yoke 12 as the di stance between the recording

magnetic pol e lisandcordeddont bger @i ¥k "m¥@kem120WhhchatHAetki onghas t he
shield nmenber is short. Therefore, since the nagnetic field in the gap (G
bet ween the receedvagvnihgaesteppobesld daditheel8 setruovntyeke L2ibecones
even in the track widthw se direction, a curving quantity of each track end
portion can be §$¥Ppresedsophete sndEIGloée to the return yoke 12 as the
shield menber. FIG 9B shows a shape of a nmagnetization pattern 10 90 of
the servk®track signdl EBésrgebogymens, weheeSEFad lshewnann aFtGatos 4As

shown in FIGS. 9, the nagnetizatlon attern 90 is a pattern in which each
magnet i zati on tTARSRYi BRE HRGRAREFE BYafinlPhECFr REKPRRELAWL3E BREBEEL6N is

d d. 15 FIG _10 sh | f j h [tioni
(curved 11 ne 1167°PRARS BvOESH o8- 6HBt At BN GLPRG: | RBSwontiothond
e O77H te SeP6%r FPETBPEr at FOfi- Gt ad
100) in The serve it e Raratt SATIRERETLRE RARACbD aHERr IS Bt he |

comparative exagphgendhghlhe mhinEt& 10copannbl 209hal AKhs I fRugsents each
radial position of the tracks, and a vertical axis r_presen?s a positioning
error quemtity wéagagd sREWAl iROBTEION. ThReCHEYSd hhRrEerhi@ishows

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



+25 positioning characteristics when the head positioning operation is
executed by using servo information (servo burst pattern) recorded on the
di sk medi um by - 15 the wite head according to this enbodi nent. As
apparent fromFIG 10, it can be understood that the positioning
characteristics obtained when using the wite head according to this

enbodi nent have no 5 positioning irregul argties at each radial position and
the positioning is stably carried out in all the tracks as conpared with

t he head according to the conparative exanple. As described above, to sum
up, the wite hgadid9ragcpedlng to this enbodi nent has a structure in which
the return yoke 12 is arranged as the shield nenber with an internal of the
smal | gap G froqopbeatean endpretpbheitatardiagneegpekbeop@ifgll, as shown
in FIG 11. Therefore, in the nmagnetization transition 15 generated on the
di sk nmedi um due to parpesdiriplitapnmagiét nowr peogdiveg, akheéoctheat ur es
produced at the edge portions of the nagnetization pattern can be reduced.
In particul ar, bparpeséiofilescnadhafisereoo28ingf oprattonnbyfpehpendi cul ar
magnetic recording by using the wite head according to this enbodinent,
since theScurvedrpbet hoad vhenhtheebVB Bur é6 paetetn kacohd seavk wi dt hwi se
direction can be suppressed, the servo information with the high signal

qual ity can 25 befasdakréan a8 sheedipk, medéumedd bﬁsutﬂéhﬁhggagbaracy in

t he perpendicul ar ma nethc reiBrdin tyge disk drive can he greatly

i nproved. - 1@ag?€gﬁﬁr EAflo néﬁFng? etediipstheydéqki Ard¥er afing a

t t f ite_h i,table.f di_cul ti d
concer ni ng.anot her  eRBoRT ReRt S CTRE NP t B2 eaa hecdraihg tacks
enbodi nent ha i cal r t LN.ELG. 1. Thi
enbod;nent coicggﬁgﬁg g%?%%ﬁﬁ?ggﬁfE%kgié#i?ggﬁgagé%hﬁgﬁggékﬂggguggteIy_Is
constitule servenbracks Rydienondl i $AEVOLBher BELLAR:HA Hhe 8gEVO wrile

step in 10 particular. In general, a magnetization transition shape of the

di sk mediumis taroededl eBYiacheseydeREnMBENehibsef kehdks0RhAUpoBAYRY t he
sane intensity as a coercive force of the disk nedium It is considered

that the 15 suftheirehllylexcehkest ikegordirity wantbesebpestredragibangyas a
maxi mum r ecordi ng magnetic field fromthe

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



‘wite head is approximately twofold of this. coercive force. Here, in the
recordi ng magnetic field 20 distribution 70 showmn in FIG 7, the recording
magnetic field distribution sharply varies froman opposed portion of the
recordi ng magnetic pole 11 fromwhich the recording magnetic field having

t he substantially maxi num magnetic field intensity is 25 produced to an
opposed portion of the return yoke at whi gh O-or the negative nmagnetic
field intensity is obtained. At this tine, since the recordi ng nagnetic -
17 field corresponding to the coercive force of the disk nmediumis
substantially 1 X{ : LRAg F LC L] Lptepsityy, it is
Gi'stribut ed | n TEG vy o ai by Br TEe cont o rOtRG Gan bor wsen Che Bt
recordi ng magnegiskpebgidd 20dpyhg wetvenhyekendeih® hnsEbGerddy shown in
FIG 7. Assuming that each curvature in the magneti € field distribution at
the end portiondbfféhentr Aekmotheherdtekhardi datbsdsulgstanthakly circularly
10 distributed fromthe end portion of the recording magnetic is "G 2"
approxi ma trackemsodbmemgnévhtchawidl obeorebekpedpbbeaila headrcul ar
curvature whose dianeter is generated, and its length Ris ~tely G2. If a
track wi dth (TLyceprdiheyskteve tomperathus ekempip ebetine&hethe r&vor di ng
pole 11 and the return yoke 12 of the head, a the curved portion in the
servo track is Hf%- e¥entaferpecaashatiartevel 2 JndrBf derotef seh¥ogap G
corresponding to the di stance between the recording magnetic pole 11 and 20
the return yokéP4®StsP2hkPFRF-than the servo track interval TL, the
excel l ent track posi 'on%ng oseration Cﬁn Eg provi ded w t hout bein
adversely affected by thBEefr 96G°pIrPPoRCi HRBhECPRRS ALY Cs EXFBPLEARRS
signal . Mreover, [ odj | so_takes.the 25 influence r.ecor di ng
blurs due to a %i%ﬁg%§28€%5g#?ﬁﬁ#?ﬁegrEgg?ﬁaﬁﬁgnﬂaﬁg??&chPgeliﬁt6Sthe sof t
magneti ¢ ayer i ding,t e dj I 1 di sk
nediun1f%binto %%ﬁ%ﬁ%%#a%?oﬁ.nggsﬁgang?ﬁeF?%?Elﬁésgkgtngtgngégﬁron1the

end of the recofdip@] RGNt LecPobs 1datenlihs sebtpARQREhL enkayer 24 of the
disk nediumis defined as D. 5 FIG 12 shows a constant magnetic field

contour of a rececdidtngrgachbeiti pbleappl hed Lortherdi gkkaedbumsfrom the
write head according to this enbodi nent. Wien a shield nenber corresponding

to the return ybkegd2asscompapedviiled ghetheiteaheetddapebtdongl@oof the
recording magnetic pole 11, a curvature having a radius D is generated at
the recordi ng nelgheténbpdiment shden iheFW6:rsi.cofdati das, thadraaconst ant
magnetic field contour 91 is obtained.
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 signal 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



'On the other hand, in the wite head according to 15 this enbodi nent, since
the shield nenber corresponding to the return yoke 12 is provided at the
rear end of the recording nagnetic pole 11, the nagnetic field intensity
directly below this shield nenber becones O or it is substantially
uniformzed with a polarity 20 reversed fromthat directly bel ow the
recordi ng magnetic pole even though it-isismkl. Therefore, the constant
magnetic field contour 92 nenber side exists in the gap (G recording
magnetic pole 11 and the 25 the shield nmenber as shown in FIG the

curvature gener ghednahdt he sEgc&ﬁQOEQBﬁgtﬂagﬂethiBOhsr&é Rgepmes on the
shield Between the return yoke 12 as 12. At this time, portion of the short

and a phase -rdPminbi htnegHsedzdueohOotthRsEUE YAl BhetBaNghakehibalaated on
the inner side of the original constant magnetic field contour 91. In this

case, a length L in Gheetradk,widt hreseedivbetraenr efigaalamedtien which a
phase lag 5 caused due to the curvature at the end portion renai ns w thout
bei ng subst ant i abeyakiom ndhedebésonesdat teask aiBehgt(iW)epfeshant ed by t he
followi ng expression (2). z 10 L=D- Dz- 4 ...(2) In order to prevent a
wavef or m ehangewtijeet beadprhseh| 4 gehdiatedtin Lhirgeawéshf respettetdi ng
the positioning, the condition {egresented by the 15 followi ng rel ational
expression (3) Ri8tSBEVeatFafkedntorpab. DFn gheTgervo tZRck @a§BAilption

wi |l now be given,gs to nmeasurenent 20 exanples of the influence given to
the signal qual YTy Bf OPREALEPT0 FREER &P gREPPERICasBeERORebEr HRAG ser vo

i nf or mat | di dium by using the wite head ding to thi
embodi ment . As WASSUF ShEnk OBt ALl R Leal CRBWAUFR-PPGE §1TCHIBPE=RFE sot a
G 25 bet t cor.di ng; rRYDet i c pgl the ret ke 12

(ahi o1 0 menbor) ande a0arE Anes TRaBacP nbr bt PAREERE Rh LoP & Fecor di ng

TR 1R EeatiiRg e SO AR Sk ops ot agh Lhe kAT Fere
' g a
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 thé 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.



't hi ckness of the recording layer 22 being 20 nm a thickness of the
oriented |layer 23 being 15 nm a thickness of the protection |ayer 21 being
3 nm and a distance fromthe nediumsurface to the soft magnetic 5 | ayer
24 being 38 nm Here, if a flying quantity (flying height) between the end
of the recording magnetic pole 11 and the nmedium surface is 12 nm the
spacing Dis 50 nm FIG 13 shows a resul tzof ~i ncorporating in the 10 di sk
drive the di sk medi umon which servo information is recorded by the STWA4l
usi ng each of the conventional head according to the conparative exanple

and the wite heaghageoedi pg tocthhs eabedhmeatunandseBaguehag the head
positioning accuracy. 15 In FIG 13, a neasurenent result 130 corresponds

to a case in whighvédepbeagdonscaedbiftt 8othg cappar gbir¥enexgaplerni . €., the
conventional single pole type head (G cannot be defined and is infinitely
great) is used, rasdethetspahengnbire 5fgnaiwhil st the 20 servo track pitch
TL is 0.1 ~.mas the neasurenent paraneters. A neasurenent result 131
corresponds to a caséni thehpmhlfihpowriictienhegd cantardi fgrt poshitd carnhgdi nent
is used, and the gap Gis 300 nm the spacing Dis 55 nm 25 and the servo
track piteh TL FBeomagnehigshepd hBastir ehencephranefetbe Arpsisur thent
result 132 corresponds to a case in - 21 which the wite head according
to this enbodi MBRINEELIEIEYONaRALEREN§aPpTCERS #boHAT deRErdpaei ETPPI s 50 nm
and the servo track _pitch TL is 0.89 ~, tmas the neasurenent paraneters. 5
In FIG 13, thePHESEUPBRERIRFe8uPPe B36T8nH5231 sRBRCLRAFALAY s@fvo

i nfornati ith the deter] t ed, si ity i . ded d.t he head
Lgs?[ion:ﬁg 2203?3%5 %g ﬁiﬁ?ggeSWhghggZLPﬁﬁaﬁﬁVypéﬁtgﬁgoﬁﬁﬁaﬁggeF#ﬁﬁer:?
2 o . . AR .

Fgm:rgg ;Seaogigéfg§5%§P§Fa%ﬁgkgggatEgggﬁgg %grggéb%%ggﬁggégﬁéarﬁgﬁd!Sthe

measur engfit resght é§§t§90$§,EE@tdEE§ §§5¥QsinEH@Ugbgg%égh%ggtEsnﬁkaﬁ

quality is recorded on the disk medium and fhe high he positioni ng

accuracy i s assusedatrpib@eogubshaptical hymghhkkethangg khghhe radial
direction. That is, as can be understood fromthe neasurénent result 132,

per pendi cul ar nmagpeitadeecoosli agtobckhr sadva sataaMabgniwutl FRemhigh
quality can be realized by 20 using the wite head shown in FIG 11 and
setting the condrachnBthatomnbeegapl Goystravedwnay blfanhtheesdr ieatr ack pitch
TL as the neasurenent paraneters or satisfying the condition shown in the
Expression (3) afrdsa tkeatrankhRpahdt wbentthekrBspective paranmeters 25
including the spacing D. It is to be noted that, as the follow ng
neasureng%t exanpl e {rhitBAswceBehe asepipmad ino Fd&.d8, when ther the

conveni ence's sake) the hlgh Eositionlng accuracy that a positioning error
at all the radi 2PYPBEFEYohS BROHHESH 4R ABGI dAFBERINEL XRELIRBr EXPRan 15 nm

can be asoured Men LIl Bollsad AgRe 19,0, 2 AN s pubad! genl 5 used,
e oot o B FRaBHESTR pRALRULE By el TR e crael
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



10 wite head according to this enbodinent is used and the gap Gis 100 nm
the spacing Dis 50 nmand the servo track pitch TL is 0.13 umas the
measur enent paranmeters, the high positioning accuracy that the positioning
error at all the radial positions on the 15 di sk nedi um becones not nore
than 15 nmcan be |ikew se assured. On the contrary, in the follow ng
respective neasurenent exanples (which-wi hk be referred to as e, f and g
for the convenience's sake), the worst value 20 of the positioning error
val ue at each radial position results in a value exceeding 15 nm and the

sufficient posithenéR@ PEEHIBRY 6anpRE BeaeRLaihpsd. bePeahbieakky, tgach
nmeasur enment exanpl e corresponds to a case in which the wite head 25

according to thpseeshodtRenasiyimsed, fEtbR BRABHNGeDeirst88 BELABANt RGeSEr VO
track pitch TL is 0.09 ~.mas the measurenent paraneters. The neasurenent
exanpl e (e) -s@Bvoclouresppatsetnsaancane Bn whheb ibe gapoedeg £80 nm as

t he nmeasurenent paraneter other than those nentioned above. The neasurenent
exanple (f) coreéSpohdsheéohaghageacnunhtehhthd pgapiGibsihgdOoperasivhe
measurenent 5 paraneter other than those nentioned above. The neasurenent
exanpl e (9) cor?ebpodtl ¢6 bBheasaghatikpthonhergapliGirs tu@vam as t he
measur enent paraneter other than those nentioned above. As described above,
to sumup, in tRerieepeRpdhdibal hrarlignettbviegofdragtigpeini §kedrive, as
the wite head of the, STWA41 useg in the servo wite step, it is desirable
for the rear eﬁﬁa%?egh%ﬁtéo?eEGF PRY REgMEEFcPBoF8dEEeds ashBIA I ASFI G 11
to have a structgre.éfitable for ﬁerg di%ular magnetic 15 recording in

whi ch the returh ?%k iZaﬁa§Pﬂﬁnt 8 'l "gap Gis arranged as the shield
menber. Additionally er pendi.cul tig r din f .t.he servo
information with theFﬁ?ghgqggPﬁgy%éggagggrg% P?ggagym%g%FFﬁﬁ FﬁngOndition
that thejgap G| t han,th 0 LA LEG S ndi tion
when rec%?ding ?%ZEE£§€%§§%f2?ng%igﬁg 6%8%¥8ég?igggﬁﬁggghgbégné?tﬁgn shown
in the ExpressigRe(@rivkt RehBe (sekaki@nshh pabebwaenqt ke kggpective
paraneters including the spacing D. 25 It is to be noted that the
description haseheedigeneniasste hha exasrkasohntwhi ghskhaesenmo
information is recorded by using the dedicated servo - 24 recording
device as the SIW¥8dcen connection with this enbodi nent, but the present
invention is not restricted thereto, and the highly accurate data recordi ng
can be al so realizedThatt he,r cber viragesShepdr acicomdfioy tserthdat a in t he di sk
drive. Specifically, there are advantages, e.g., facilitating an

i mpr oven@%t i n eekodimenti hasapnestruabushi Lo nhich &heaziefhurh sodee 1Bet ween
the servo track,signal and the read head or the influence of eccentricity.
10 Addi ti onal aﬂ%a%fﬁ@%geanasnﬁd?PFEégi8ﬁ§bﬁFlPfréaﬁiFﬁcﬁééépgto t hose
skilled in the art. Therefore, the invepti in_ its broader aspects_.is not
linited to the Speefic HeEhr Braﬁb}cﬁépg&gﬁ?afﬁ&@%ﬂrﬂ&di‘“ﬁ@ﬁ‘@i%hé’meand
descri bed herei C i ngl v, riqus ifi ions may .be made w t hout
departing fron1?%e£§p?$?%ﬂo¥xsgg§é Zf t%gegg%SPéﬁﬁbﬁv8ﬁ€PSﬁlEo%&Sﬂ?-as

defined by the gppeaded,ghalha0fuhhehiugaHEVa!l BBEStive 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



+- 25, WHAT IS CLAIMED IS: 1. A disk drive conprising: a disk nediumfor

per pendi cul ar magnetic recording; and 5 a magnetic head including a main
recordi ng magnetic pol e which applies a perpendicul ar recordi ng nagnetic
field onto the disk nmedium and an auxiliary magnetic pole, the auxiliary
magneti c pol e being arranged on a rear end side of the main recording 10
magnetic pole in a relative traveling diregtion of the magnetic head, a

| ength of the auxiliary nagnetic pole in a track wi dthw se direction on the
di sk medi um being larger than a | ength of the main recordi ng magnetic pole.

15 2. The di sk dnkveeagear ¢bRe 10 Ghabm funwhebgknakhenauxhkibagy nmagnetic
pole is formed of a magnetic material having a | ow magnetic flux saturation

density with remprbert st Bropai.n recordi ng magnetic pole. 3. The disk drive
according to claim1, wherein 20 the auxiliary nmagnetic pole has a snal

gap froma rear end Ghetrkéomei nsiecer thegmaggeeticc foelld, iandhies gapr anged as
a shield nenber which shields a recording magnetic field of the main
recordi ng magnet(s¢ petween, tTherdcokddngvmagoedidi pgleoltl ant thewherein 25
the smal |l _gap between the main recording nmagnetic pole and the auxiliary
magneti c Pol e i §5HAN| ¥PXEhdR BACPAEST @HENOLNt EhekErrekondddhonsehe di sk
medi umin - 25, accordance with a recording magnetic field fromthe nmain
recordi ng nmagnettEepbERY, 52 AUKNAAEt ABaREadYdedi eacBokprFsi B a main

Fecord ng megnel gy Bebec g aRplies 8. petRendlcul 8t Lecording manetic
Fear end side of S REEnEPKCr ERoral RO omaber c"BOPBL n & 10°rel atlve movement
b D e T R b
of the mppn recgpdbRrytABIBELYE BPLEk signal recorded by the write
head shown in FIG. 9A. 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 operation 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



6. The magnetic head device according to 15 claim5, wherein the auxiliary
magnetic pole is formed of a magnetic material having a | ow nmagnetic fl ux
saturation density with respect to the main recording nagnetic pole. 7. The
magneti ¢ head device according to 20 claim5, wherein the auxiliary
magnetic pole has a small gap froma rear end of the main recording
magnetic pole, and is arranged as a shi-el d smrenber which shields a recording
magnetic field of the main recording nmagnetic pole. 25 8. A servo witing
apparatus conprising: a unit which outputs servo information to be recorded

on a di sk medi ughtoy PeEPREEHCHERL -AREBCEEC this 2fboheRALE. Ndnsand a
magneti ¢ head including a main recordi ng magneti c pole which applies a

perpendi cul ar reppadeng megnetic.fiel dientant Be dhgkrF@dodm-aRed &R
auxiliary 5 magnetic pole, the auxiliary magnetic pole being arranged on a
rear end side oposheiomingrenardcngriBggiesi ebpakacdnwachehatinge travenent
direction of the nmagnetic head, a length of the auxiliary magnetic pole in
a track wi dthwi weiderbkeadoaconrtihegdicsk thedi enbbBihennghbaegew t han a

| ength of the main recording magnetic pole. 9. The servo witing apparatus
accordi ng®to clBpaiBionhegeinrepelauttirar ptnagabt redpellepositdomedndf a
magnetic material having a | ow magnetic flux 15 saturation density with
respect to the Hﬁ?inéégFGPhggnﬁgnétﬁélﬁopérrled PHE dar @d lwthei ng

apparatus according. to claim8, erejn the auxiliary nmagnetic_ pole has a
smal | gap from r?gﬁﬁ @ﬁdCSFpFﬁﬁgﬁﬂFﬁhrEESrHFﬁS 26°rugheei Eopébe, and is

arranged as a SQB%LQrQ?

gggrexample.
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.



*whi ch shields a recording magnetic field of the main recording nagnetic
pole. 11. The servo witing apparatus according to claim@8, wherein the
smal | gap between the main 25 recording magnetic pole and the auxiliary
magnetic pole is smaller than an interval of tracks recorded on the disk
medi umin accordance with a recording - 28 magnetic field fromthe main
recordi ng magnetic pole. 12. The servo_w ki ng apparatus according to claim
8, wherein a relationship represented by the followi ng expression (1) is
satisfied: 5z 0<D DZ- 4 <T~ ... (1) where Gis the small gap between the

mai n recordi ng (BEALLI EmBOHEmaRLst he auxiliary magnetic pole, Dis a 10
spacing froman end of the main recording magnetic pole to a soft magnetic

layer of the disk nmedigm 1andsTh k$eaniinugeyakifl sesyeubtacksqtogbe
recorded on the disk nedium

. ASNF. AFl . AFY. Alr At e ABSaALsAFYahEY. Aor Abe AbeAlii AhlAr. MAaghetA&L. AL. AL. A&L. A&
L. A9. A&9. A" . A&L. A" . AL#TgFl g-af : } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]cTa]ca]c
a] ca] ca] ca] ca] ca¢catdahgatcatenhitnycahcthen] eabodinghcal caheTek¢cakB D F L
{!' X~89?nH ! LW | w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] chded] satendtny chp chhta] embbdafent' ¥8h0Ka8ApKULY} xBai d_Z] ] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] %%11]1%3$’§€&Cture as that shown in FIG. 1.

LY #OPk$&&&- &&& ' ' ' (B m%(l 0*1xsni d_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
]ca]ca]ca]ca]ca]ca]cgfé ]Eé%eg%EﬁPEafeafééféaPcﬁ EHFEdFeaPéalbs! Drate+6+7+=
+Mtx, - M 040; Op0z11H344Y5 5576f 77X8¢c9:; : : ,

<=>)xsni d_Z]] cal CaT cATET cafRaf TRt RLY capRaf Lt Es) 8aT¥q) EARE.FCcAYCa] ca] ca

| >2 @GA\A\ BBCDE7EFFGHI CJJJKKMW Oc OvOOOP? P
bPPGED xen O 2] Fo8] Shiga) Sh] o] Sy BT bay haf Bal 5] 57 3] PR} £] EaPBal Bal cal o
a]ca]ca]p@]ca]ggi ] £@] ga] cal ca] ca] ca] ca! DQy QQLRNRRRRRSSTQIXTTX USVVWKYYYZ#\
W]]A_  }xsni _Zf?cg?ca caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

\\\\\\\

] ca] ca] ca] ca] ca] ca] caj,cabgral §@] cal gakralsal : e h? bhecdef gghh
hijkkInn{vqlgb]X]ca]ca]ga]ca]cg]ca]cg]ca]cg]cgﬁcgfggfég?ga ga gg]gg]ca]ca]c
{a} caV] ca] ca] ca] tie¢ cal sr] eyl ea] £8] eatrad cal SHG oMPNREBEHE 7§ ERL bn¥ EEX XX Wy Xz
| | }} <A<} xsni d_Zfiehd cadrbden] haytnd coheatamd cahtahsat gaheakcabeakeakcal calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <bE| Kt 9%8\4" <qu} xsni d_Z]] ca] ca] ca] ca
] ca] ca] ca] ca] caferdeadLativa) b kahed]em] caltalsatonpitdeeaticahas] chkcal ca] ca
]ca]ca]c%%ca!wmz; o
rhliu} xsnid_Z] ] cal €kl ebgrbl caxatthinh] catenitnycainabeawfattaticakcal cal ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caTgf H*! 10%&' () -: 10%& () - 4 10%& () -
@O% ()-F " 1004P%Y-2S {2 1PRRIPYN 3ragoRd{ng FRagRe R#€ 160@1¢) from the
10%&'()-9,2“10@@!(%- ‘1Q¥&1§)- . . .
write héad 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 magnetic field intensity is

obtained. At this time, since the recording magnetic



1109 ()- 109 ()- 109 ()--afiK-&L610%& ()- .' 109%& ()-& 109%& ()-

+109& ()- ,)109%& ()- L' 109& ()-

| 96 109& ()-i K&L610%& ()-yL109%& () - Fl 109& ()-t101010$<109%& ()- :1109%& ()-
,8:10% ()-: R a@K&L610% &' 10%& () -4 & 109%6& ()-g & 10900& ()-g

S, 1109 ()-[, ! 109& ()-3 LHLOM& ()- ? @A zXJ<K&L610 10

10! . " 10%& ()-:!."10%e& ()-: &' "110% &-()1t! &' "1 10%& ()-t!&" 10%& ()-4 A B
FL {uSLK & "109& ()-!VL! 109& ()-109%& ()- 9109%& ()-yL10%& ()- FYL0%& ()-s
10! X~} [ <1K! & | 4109%& ()-!c>' " 109 ()-!>' " 109658 ()-$ \ |
YOOY& () - & " 1098 {q- EdBedPI&a(NgOB480RBUNEL rc10¥& LYY 40Y8E) gFLRY& () -s

medium is substantially 1/2 of the maximum recording
magnetic field intensity, it is distributed in the
vicinity of the center of the gap between the

5 recording magnetic pole.ll and the return yoke 12 (G
in FIG. 11) shown in FIG. 7.

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. If 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 also 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
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the disk medium 20 into consideration. As shown in
FIG. 11, the distance from the end of the recording
magnetic pole 11 to the soft magnetic layer 24 of the
disk medium is defined as D.

5 FIG. 12 shows a constant magnetic field contour
of a recording magnetic field applied to the disk
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 is 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
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the inner side of the original constant magnetic field
contour 91. 1In this case, a length L in the track
widthwise direction of an area in which a phase lag
5 caused due to the curvature at the end portion remains
without being substantially eliminated becomes at

least a length represented by the following

expression (2).

2
10 L=D—JD2—T - (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 2 TL
0<D—-, D" ——<— w(3)
4 2

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
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: thickness of the oriented layer 23 being 15 nm, a
thickness of the protection layer 21 being 3 nm, and a
distance from the medium surface to the soft magnetic

5 layer 24 being 38 nm.

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 incorporating in the

10 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.

15 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

20 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.

25 and the servo track pitch TL is 0.09 um as the
measurement parameters.

A measurement result 132 corresponds to a case in
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5 In FIG. 13, the measurement results 130 and 131

show that the servo information with the deteriorated
signal quality is recorded and the head positioning
accuracy is degraded. 1In 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 positioning 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 thah 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
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accuracy that a positioning error at all the radial
positions on the disk medium becomes not more than
15 nm can be assured when the write head according to
5 this embodiment is used, and the gap G is 70 nm, the
spacing D is 55 nm and the servo track pitch TL is
0.09 um 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 um as the measurement pa-
rameters, the high positioning accuracy that the
positioning error at all the radial positions on the
15 disk medium becomes not more 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)
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. 10% & () - &#" 10%8& (he&surement parameter other than those mentioned
above. The measurement example (f) corresponds to a
case in which the gap G is 120 nm as the measurement
5 parameter other than those mentioned above. The
measurement example (g) corresponds to a case 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 recording in which the return yoke 12 having the small
gap G is arranged as the shield 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 description has been

given as to the examples in which the servo

information is recorded by using the dedicated servo
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recording device as the STW 41 in connection with this
embodiment, but the present invention is not
restricted thereto, and the highly 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 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.
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a disk medium for perpendicular magnetic

recording; and

5 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

arranged on a rear end side of the main

recording

'L10% &

1 s<s=s>sEstttvrSl
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10""

10 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

magnetic pole.

15 2. The disk drive according to claim 1, 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.

3. The disk drive according to claim 1,

20 the auxiliary magnetic pole has a small

rear end of the main recording magnetic

arranged as a shield member which shields a recording

gap from a

pole, and is

magnetic field of the main recording magnetic pole.

4. The disk drive according to claim 1,

wherein

wherein

25 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
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5. A magnetic head device comprising:
a main recording magnetic pole which applies a
5 perpendicular recording magnetic field onto the disk
medium for perpendicular magnetic recording, and an
rauxiliary magnetic pole,
the auxiliary magnetic pole being arranged on a
rear end side of the main recording magnetic pole in a
10 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.
6. The magnetic head device according to
15 claim 5, 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.
7. The magnetic head device according to
20 claim 5, 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
recording magnetic pole.
25 8. A servo writing apparatus comprising:
a unit which outputs servo information to be

recorded on a disk medium for perpendicular magnetic
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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

5 maghetic 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 |

10 being larger than a length of the main recording
magnetic pole.

9. The servo writing apparatus according to
claim 8, wherein the auxiliary magnetic pole is formed
of a magnetic material having a low magnetic flux

15 saturation density with respect to the main recording
magnetic pole.

10. The servo writing apparatus according to
claim 8, wherein the auxiliary magnetic pole has a
small gap from a rear end of the main recording

20 magnetic pole, and is arranged as a shield member
which shields a recording magnetic field of the main
recording magnetic pole.

11. The servo writing apparatus according to
claim 8, 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
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claim 8, wherein a relationship represented by the

following expression (1) is satisfied:

5
O<D—1/D2—Q2—<Zé (1)
4 2
where G. is the small gap between the main recording
magnetic pole and the auxiliary magnetic pole, D is a
10 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

the disk medium.



