;e3etT; q667t9: F9:6; TT, R @ TI TLE OF THE | NVENTI ON MAGNETI C HEAD FOR
. PERFORM NG PERPENDI CULAR MAGNETI C RECORDI NG I N A DI SK DRI VE BACKGROUND OF
*THE I NVENTION 5 The present invention relates to disk drives. Mre

particularly, it relates to a magnetic head for perforninﬁWﬂWNWWﬂﬂMﬂ“Lar
magnetic recording in a disk drive. In recent years, nore i k
drives, a 10 representative exanpl e of -whilch~is a hard di sk, pggferm

per pendi cul ar magnetic recording. A hard disk drive that carries out
per pendi cul ar magnetic recordi ng conprises a magnetic head and a

di sk-shaped recordi ng nmedi um Therimanet+gs heagenPebdes a 15 singl e-pol e
type (SPT) head. The di sk-shaped recording nmedium (hereinafter referred to

as "disk") is aztnude ey bR erHETHMN@IPEEERN I g AR dIAEREThe magneti ¢
head perfornms perpendi cul ar magnetic recording on the disk. 20 The magnetic
head conpri ses rEGURIBIG e ramf s roRyead. The wite head is an SPT. The
read head is a GVR (G ant Magnetoresistive) elenent in nost cases. Both the
wite head and t he read headBaACKGROUNDe@®FoITHE INVERIT,ICpaced part from each
ot her. 25 The di sk has a doubl e-layered structure and conprises a

substrat e, a recordiTee neggpstnt leyerticmdralazoés bagheskcdrayes. The soft
magnetic |ayer is interposed
More particularly, it relates to a magnetic head for

performing perpendicular magnetic recording in a disk
drive.
In recent years, more and more disk drives, a

10 representative example of which is a hard disk,
perform perpendicular magnetic recording. A hard disk
drive that carries out perpendicular magnetic
recording comprises a magnetic head and a disk-shaped
recording medium. The magnetic head includes a

15 single-pole type (SPT) head. The disk-shaped
recording medium (hereinafter referred to as “disk”)
is a double-layered perpendicular recording medium.
The magnetic head performs perpendicular magnetic
recording on the disk.

20 The magnetic head comprises a write head and a
read head. The write head is an SPT. The read head
is a GMR (Giant Magnetoresistive) element in most
cases. Both the write head and the read head are
mounted on a slider, spaced part from each other.

25 The disk has a double-layered structure and comprises
a substrate, a recording magnetic layer, and a soft

magnetic layer. The soft magnetic layer is interposed

*G00002*
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f - 2 Dbetween the substrate and the recordi ng magnetic |ayer. The main
. magnetic pole of the SPT generates a magnetic flux (recording nmagnetic
‘field). The 5 magnetic flux passes through the magnetic recording |ayer and
the soft magnetic | ayer before it reaches the return yoke of the SPT. Thus,
per pendi cul ar magnetic recording is achieved. In other words, the nagnetic
coupling between the magneti c head and-th2 16 disk results in the

per pendi cul ar magnetic recordi ng. A magnetic disturbance other than the
return yoke, which has high-saturated flux density, may exist in the
magneti ¢ head. Rkt ERAthKelal S 3P TdndBINell de d iy afaddit fimgnet | ¢ head
may be saturated. 15 In either case, so-called "side witing” I1s likely to
occur. A side whiking is a phenonmenon in which the nagnetic flux extends to
the circunferential edge of the return yoke, not concentrating at the
center thereof. Due The theirSindeydtid nhlarn f nlenssrTagnedt£t@d dield acts
on the disk fromthe edge of the return yoke. Consequently, data is
recorded (writ trynedn carf lundesigoad-diarg mafgridtei aifkeldy. a Trezor ded part of
the disk is erased. The side witing greatly lowers the quality of 25

si gnal s Pecor dedgome tike fdivsk pays seer pendiugl drhevagpete ttl ¢ ecacatidigng Measur es
shoul d be taken against the side witing. Htherto the foll owm ng neasures
have been - 3aysropssedheTise it magnaldsurleyer thebute al sareache’l nagnetic
flux density at the distal end of the SPT, which is higher than the

sat ur at ed nagnétiec TtBrrdeivdia YhofthhS B + et Uids y REEPFFRIEEIA%, for

exanpl e, Jpn. Pat. | n. , ,
P P magné@y% recording is achieved. In other words, the

magnetic coupling between the magnetic head and the
10 disk results in the perpendicular magnetic recording.
A magnetic disturbance other than the return
yoke, which has high-saturated flux density, may exist
in the magnetic head. Alternatively, the soft
magnetic layer of the magnetic head may be saturated.
15 In either case, so-called “side writing” is likely to
occur. A side writing is a phenomenon in which the
magnetic flux extends to the circumferential edge of
the return yoke, not concentrating at the center
thereof. Due to the side writing, an intense magnetic
20 field acts on the disk from the edge of the return
yoke. Consequently, data is recorded (written) on an
undesired part of the disk, or a recorded part of the
disk is erased.
The side writing greatly lowers the quality of
25 signals recorded on the disk by perpendicular magnetic
recording. Measures should be taken against the side

writing. Hitherto the following measures have been



KOKAI Publication No. 4-221410.) If this neasured is taken, however, the
magnetic flux extends to the edge of the return yoke when the soft nmagnetic
“layer is saturated. The flux inevitably causes a side witing 10 at the
edge of the return yoke. The second neasure is to project a part of the
return yoke toward the main magnetic pole of the SPT. (Refer to, for
exanpl e, Jpn. Pat. Appln. KOKAlI Publication No. 2002-92820.) This prevents
the 15 magnetic flux entering the return yoke fromextending in the
track-width direction of the disk. The noise at the track edge can
therefore be redueedeqglhis neasure, however, cannot conpletely elimnate
the side witing resulting fromthe saturation of the soft 20 nmagnetic
layer. The third neasiy efiirsstt aaea ol ishcpaspendi cat @ a tegneddgtet eor di ng,

Wi t hout saturating the soft nmagnetic |ayer. That is, the saturated fl ux
density and t hifdkixesensfitivheatf ithe prietadedrereatthd BPDS5 whagrieti<
recording |l ayer are adjusted, and so are the saturated flux density and
recor di ng wavelrdngidr dfharhe: heagredhima trest orediney d @yferux (Refsrty oo f fione
exanpl e, - 4 Jpn. Pat. Appln. KOKAI Publication No. 2-81301.) It is
confirmed, howewedrurn hystkethe Reffenrdgmetiar |enpsrles silur aRald. Wil he
recording current is too |large even if the saturated f|ux density at the
main 5 magnet i &P8ile B liitatsom Neagrfertd<l 4 der ikt stiathness f1% val ue.
Generally it is desired that the recording current supplied to the wite
head to T ecord SR miGHE R |50 G Ge: riotih TE-TIRT 4 skt HEIaD
saturation characteristics of the in netic pole. return yoke and soft
magnetic | ayer .Oaﬁ:ft%i%ger% d*fcmge ﬁ%nﬂ?‘?gssoeétcégasq%é&l%ogﬂ% ,“The soft
magnetic | ayer qi at tggﬁl' vﬂ%gg%gg i S%ﬁ? ! at the
edge of the rets\tljgréﬁlryao eed.s' 13&%% %Gﬁh\%ﬁx %@%ﬁﬂ ?%%%%%rg%lance
wth onqoenbodia{gaq;theofegqbe Cp%e&gg]t éﬂyﬁp#% there is provided a disk
drive conprising a magnetic hea _ﬁhat car suppress occurrence of a side
witing. 20 The di skrylf i y€c&0IMhéS83r& Ob SKo SHAPSECECEO0pELAToE the
return yoke toward the main magnetic pole of the SPT.
(Refer to, for example, Jpn. Pat. Appln. KOKAI
Publication No. 2002-92820.) This prevents the
15 magnetic flux entering the return yoke from extending
in the track-width direction of the disk. The noise
at the track edge can therefore be reduced. This
measure, however, cannot completely eliminate the side
writing resulting from the saturation of the soft
20 magnetic layer.
The third measure is to accomplish perpendicular
magnetic recording, without saturating the soft
magnetic layer. That is, the saturated flux density
and thickness of the film provided beneath the
25 magnetic recording layer are adjusted, and so are the

saturated flux density and recording wavelength of the

magnetic recording layer. (Refer to, for example,



medi um for perpendi cul ar magnetic recording and a magneti c head. The
recordi ng nmediumincludes a soft nagnetic |ayer and a nagnetic recording

‘| ayer provided on the soft magnetic |layer. The magnetic head 25 includes a
mai n magnetic pole and a return yoke. The main magnetic pole is configured
to generate a recording magnetic field extends perpendicular to the -5
magnetic recording layer. The return yoke4forns a magnetic path which

gui des, through the soft nagnetic |ayer, a nmagnetic flux driving fromthe
recording magnetic field generated by the nain magnetic pole. 5 The return

yoke has an edgg:t.hatatoppgses a rordnceufi ddei sh Sk shapek gecpr di ng

medi um The edge of the return yoke is so shaped that a ratio of the field
intensity at that edpe i9 d¢hefimensitioywefet hetmmgnehé csdéfel dageaeiat ed by
the main magnetic pole is 10 equal to or less than a predeterm ned val ue.
BRI EF DESCRI PTII@YGF iEHE SEMERALD WHaAE Qe THE DRBANG Theemt cosrpayi ng
drawi ngs, which are incorporated in and constitute a part of the

speci fication, liddgsstewedre ehiide neaterated heluwhvdgns by ahdthegeaher 15
with the general description given above and the detailed description of

t he enmbodi nent snagnatiidaole eerike toEkpragrethe Y9 b escbfatne
invention. FIG 1 is a perspective view of the magnetic head incorporated
in an enmbodi merftP&FLfie FrEsent 20 invention; FIG 2 is a block di agram
showi ng the major co oneniﬁyof t he &isk drive £hﬁ% i s the embodi ment of
the invention; FIG @RErElHY abf ahti FPeLTede FRGTt hResFPERFAFrRIof 25 a

di sk-shaped recaqrdi nrgc ﬁ%%%%eg?i%é t}grfg‘eoo}gé%nﬁé f%c%rd‘l i9 4C are

di agr ans repre§&ﬁﬁ?1 ha the Teturn yoke Used I'n the enbodi ment;
oot ront© aodHPEPIRSRNAE LUsdlucarece shoty il oo mose L e
of the present dweild Ol ohDEIA&ED DESCR PTHON ﬁii"iﬁaéh&/@@l@hé\n
enbodi ment of this invention will be described, with reféerence to t he
acconmpanying return yoke and soft magnetic layer. If the recording
current is excessive, however, the soft magnetic layer
will be saturated, inevitably causing a side writing
at the edge of the return yoke.
15 BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
invention, there is provided a disk drive comprising a
magnetic head that can suppress occurrence of a side
writing.
20 The disk drive comprises a disk-shaped recording
medium for perpendicular magnetic recording and a
magnetic head. The recording medium includes a soft
magnetic layer and a magnetic recording layer provided
on the soft magnetic layer. The magnetic head
25 includes a main magnetic pole and a return yoke. The

main magnetic pole is configured to generate a

recording magnetic field extends perpendicular to the



drawings. FIG 1 is a perspective view of the magnetic head 10 i ncorporated
in the enbodi nent of the invention. FIG 2 is a block diagram show ng the
‘maj or conponents of the enmbodinent. FIG 3 a diagramillustrating the
structure of a disk-shaped recordi ng nmediumused in the enbodi ment. 15
(Disk Drive) The disk drive, which is the enbodi nent of the invention, wll
be described with reference to FIG 2.-Thé disk drive has a nmagnetic head
1, adisk 2, aread/wite (RRW channel 7, and a disk controller 20 (HDC
8. The disk 2 is a doubl e-1ayered, perpen dicular magnetic recording

medi um The di %g%eitsiéiﬁé%rtﬁﬁg Se)] e mior-{SEM B;b_]@éldf&ﬁﬁlsbg r ot at ed.

The magnetic head 1 conprises a read head 100 and a wite head 101, which

are mounted 25p@RmatSld gﬁrt-h Tha dieafhibidss rMiidigfh ahansaet U @iedi@nd can
be nmoved in the radial direction of the disk 2. The actuator 4 is driven by

a voice coil mitagfer, a hagre¥iy HBuxlteriready s e resdsrdtiada si gnal s
fromthe disk 2. The RRWchannel 7 includes a read channel and a wite
channel . The r eaginatdmndiqirdbeessas ttdtk jatteh & s ignatasynetetodrabe t he read
data (RD). The write channel encodes and outputs the wite data (WD)
transferbed fr dthe e tdD gokmhdaeah diomaihidts eoriggmla processe ngicircuit
of PRML (Partial Response Maximum Likelihood) type. 10 The read channel
conpri ses an AGbeaddiskisraret refpndizeg mesiivg ¢ erBie Regrie? £ 78hand
descranbl er 75. The AGC anplifier 72 receives a data signal fromthe read
amplifier 61 offefYieaifta fierscithaned e:hat HerdordsC antheit bhatdc gain
control on the .data signal 5 mai nt ai ni it,at a constant. | evel. The
equal i zer 73 i STHSIRLTY @t tesescpq‘?giiﬁ%eall S & el udes a

Lo pess, TL1 St SODOIE AL M AL 60 TppsREr ol e 15 oo
ChanneliobaCktéﬁ&gfaegiéfafggéi{ﬁgﬁ'a predetermined value.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together

15 with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a perspective view of the magnetic head
incorporated in an embodiment of the present

20 invention;

FIG. 2 is a block diagram showing the major
components of the disk drive that is the embodiment of
the invention;

FIG. 3 is a diagram illustrating the structure of

25 a disk-shaped recording medium used in the embodiment;

FIGS. 4A to 4C are diagrams representing the

shape of the return yoke used in the embodiment:



The preanplifier circuit 6 has a wite anplifier 60 in addition to the read
anplifier 61. The read anplifier 61 anplifies the data signal read by the
‘read head 100. The data signal anplified is supplied 25 to the R W channel
7. The wite anplifier 60 converts the wite-data signal output fromthe
R/'Wchannel 7, into a wite current. The wite current is supplied _ g _
to the wite head 101. The wite channel é6f the R/'Wchannel 7 conprises a
wite conpensator 70 and a scranbler 71. The scranbler 71 is a circuit for
scranbling the wite 5 signal supplied fromthe HDC 8. It is an exclusive
CRcircuit in nost Gage. sThe W idE BoMReAsAHP D idel wdese & pEggoder . The
precoder is a circuit that inposes interference inverse to the PR (Parti al
Response) equakjzatingn.inpdsEie DR fdiiddiorst3s driy er f ace between the

di sk drive and a host” sySstem 9. It receives wite data (WD) fromthe host
system 9 and transf erssg.eagh dad a6 R)e tdi ddeannosi 1 Byt et Shg (AMagtieét ¢ Head
and Disk) 15 As FIG 1 shows, the magnetic head 1 conprises a wite head
and a read heacmbbEmant e theddt irxressinglrergrdliiortype (SPT) head. The read
head includes a GWR el enent 13. Note that the wite head characterizes the
present énbodi nent. By OBARIAED, DERERIEAIONOOheddEi $NYENTHONKnown type, and
w Il not be described. The wite head has a main magnetic pole 10, a return
yoke 11 and an exci tfgt igpedinen? ofa Hebs innftien twkl iwbe e head and the
read head fromeach other. 25 Wen a wite current is supplied to the

exci tation coi [9eBET R mf it hafHQ R GRI T TR YSRGWRA B 3% cor di ng
magnetic field. The recording g _ magnetic field extends in the

vertical directd @Y M9% intensity is proportional to the wite current
supplied to the coil . The coil 12 receives.a Wite current, fromthe
wite anplifier 60. 'r%t%ﬁrFy@ﬁ%§%@ﬁﬁfv%1%%gﬁﬁ%§n€% 3 %%F%%?§e%§gnetic

ite amplifier g % | n
Prera, Thus i rrarme e o s SR of PR A SR D, Toture of

the disk 2 and ' prineipl ; | GLH i r@gﬁ% hog-ni 11 be
expl ained with Eﬁfge%n{% a?o&Fﬁ)%( %%ﬁ%%%pﬁ%%%% di s &Illé Is a

doubl e-1 ayer ed geadiditbdmRdiding . | tFEONPS | $asi Ay rBENEL1€s f €01 ly nehé ayer
20, a soft magnetic layer 21, and a substrate 15 22. The recording |ayer 20

exhi bits perpergitidtarraraghed | &i sk Sdgep| yecdhgis@fiedhgnetsed | fyer 21 is
i nt erposed between the recording |ayer 20 and the substrate 22. It conducts
t he magneti c fluhe femdndimemai n nagnetic pole 10 in the vertical direction.
20 Thus, the layer 21 helps to nagnetize the recording |ayer 20 in the
verticallXirection. heskulgpnevél flux deriving fromthe main nmagnetic pole
10 passes through the magnetic recording |ayer 20, soft nagnetic | ayer 21
2f EBRstitute a

and return yoke 11. Hemcél ¥h@r}§9er§h§9ha%% phe 2eriAd i peRr .
Tagneti ¢ 1) GG DL heopotesdhibed worn Peferénce o FEE2 AN
The disk drive has a magnetic head 1, a disk 2, a
read/write (R/W) channel 7, and a disk controller
20 (HDC) 8. The disk 2 is a double-layered, perpen-
dicular magnetic recording medium.
The disk 2 is fixed to a spindle motor (SPM) 3
and can be rotated. The magnetic head 1 comprises a
read head 100 and a write head 101, which are mounted
25 on a slider. The head 1 is mounted on an actuator 4
and can be moved in the radial direction of the disk

2. The actuator 4 is driven by a voice coil motor



passes through the magnetic recording | ayer 20 and soft magnetic |ayer 21
and reaches the return yoke 11. The flux achi eves perpendi cul ar nmagnetic
recording on the magnetic recording |layer 20. That is, the wite 5 head
(SPT) and the disk 2 are magnetically coupled. Data signals are thereby
recorded on the disk 2 by nmeans of perpendicul ar magnetic recording.
(Return Yoke) The intensity of the magreti’c fHeld at the wite 10 head is
determ ned by the saturated flux densities of the main magnetic pole 10 and
return yoke 11, the saturated flux density and thickness of the soft
magnetic |ayer @igmamgl the wite current flowing in the coil 12. As is
known in the art, the shape of 15 the return yoke 11 is related to the

intensity the magnetTige fi&dd hasqalob Wee8ALSIQfat BEgh T HN Brynkendl. The
term "shape of the return yoke 11" neans the shape of that part which faces

the surface of diwk di Sk The THAN teianie€Nds Diclhi@e § €4 UF8ad0KBaRde 1 NBAAS
those 20 parts of the yoke 11 which are spaced apart in the w dthw se
direction TW ofa tWe tte athar20dl t hathe sreaavildedheoh phecdssks2ths dhtastrated
in FIG 4A. Thus, the shape of the return yoke 11, which influences the
intensity of tedrgifot idedoding e detad ndaks (RR) wayThbdewnmhgaetic fl ux
that extends in the widthw se direction of the track 200. The relation

bet ween the sh&amiel RNGedes mydkeutputy 1the wahide thetan{®hsity of the
magnetic field will be described, with reference to the FIGS. 4A to 4C and
FIG 5 FIG 4A5ss5 %A QW ore d%@tlirn yoke 11. The 5 return yoke 11
has two rounded horizontal edges 40 that are spaced apart in the w dthw se
direction TWof the %c?eﬁgogh%%%e%o+?z%n?é?nghg%gogésﬁévg BeERYEbunded,

by neans of cut¢td r ering. Therefore, the return e, 11 has the
sﬁrface whi ch iosf %%I@ppg%lﬁ{gl%%er}g??%%rks%d\ga’éﬁﬁumjc}ﬁe#h@oéﬁka‘:@esrral | er

t han an t her faces t I ill be called
"type A?i"oofor cigﬁ{/em enc%ﬂ%ﬁ%%ﬁ%%%ﬁ@gé&f%&%ﬁﬁa ew of anot her
type of a yoke JialilizHhize ahiidyokseddabasyd vond onodedaygitl cgb edges 41

that are spaced apart in the w dthw se direction TWoi e track 0. The
vertical edges PHe Mraae dgen Fnder, rdye 1IRESa Ofa€alt § 1§92 O7 s£HAMERLI Ng. The

return yoke 11 shown in FIG 4B will be called 20 "type B," for convenience
of explanationrdddcamQifsier deofiewdamiilti @nothesuiype. ofra
performs an automatic gain control on the data signal,
15 maintaining it at a constant level.

The equalizer 73 is a unit for processing digital
signals and includes a low-pass filter, A/D converter
and digital filter. The descrambler 75 can convert
the write data scrambled by the scrambler 71 of the

20 write channel, back to the write data (WD).

The preamplifier circuit 6 has a write amplifier
60 in addition to the read amplifier 61. The read
amplifier 61 amplifies the data signal read by the
read head 100. The data signal amplified is supplied

25 to the R/W channel 7. The write amplifier 60 converts
the write-data signal output from the R/W channel 7,

into a write current. The write current is supplied



return yoke 11, which will be called "type C." As seen fromFI G 4C, the
lower side of this yoke 11, which faces the disk 2, is rounded at the rear
edge 42 25 that faces away fromthe nain magnetic pole 10. The edge 42 has
been fornmed by either cutting or chanfering. - 12 The rel ation between

t he shape of each of these return yokes 11 (types A, B and C) and the
intensity the magnetic field has at the rdaunded edge of the yoke 11 will be
di scussed in terns of the ratio of the 5 field intensity actually neasured
to the field intensity actually neasured at the tip of the main magnetic

pole 10. In thecgasg ofr e Ofdifagy;return yoke 11 (FIG 1) having no
rounded edges, the field intensity 10 at each edge is about 150 of the

field intensity at ttige maiit&BgRghhe1 PoEetl. rAy LRESn¥ @l Ye gh the amgnetic
field, a side witing devel ops at each edge of the return yoke 11. It is
confirmed that 4 herstdecovipéns@rds 70 kehy 4 os@egmplahenst herpai n magnetic
pole 15 10 generates a recording magnetic field, saturating the soft
magnetic | ayer dranimler el ofs téisirchet sfoe seirdmwying tegakdedeas a
phenonmenon in which the magnetic flux derived fromthe recordi ng magnetic
field reaches tolaiel reurphigdkiran, thetHROnEentFatingaR0eatlubiveetRer of
the yoke 11. In the case of the return yoke 11 of type A the field
intensity at edtht¢Wuhded "eRfe @S¢ s aboritwrlbofcempeetisatdri Afensity at the
mai n magnetic pole 10. In the case of the return yoke 11 of tgpe B, the
field 25 intensi?GLUHeD R PIRAGRE- edfee AAreco@BULS 990 of rendlf that
intensity at the main np net%c ole 10. In the case of the return yoke 11
of type C, the FiI%fs %éﬁﬁﬁ ?Féhﬁ%i%%”%ﬁs?rﬁpr%%%d%% ERyet421li s about 9%
of the field i %%ﬁﬁ%%gg?%thnain.nagnetic pole 10. The field intensity at

each rounded e d% ?%w%?%% @411 of types A, B and C according to

5 DL L g A0 L SRR AT

ordinary return yoke 11 shown 1In h1's I's"because

emanat i ng. fromditeyeuidace 1afst ey sk 2. coneoplcaless apcipe gepier of the

yoke 11 since the rounded edge 41 or 42 1s nore spaced an the

center of the yok® Ilfirdm ofid heostrdpeeeaRfo tieq di sknfre FENEEaqt 5 5i de
writing caused by an intense magnetic field emanating fromany edge of the

return yoke 11 (R be stippriessedsystdmtdhe wite head incorporated in the
magnetic head 1. 15 In the present enbodi ment, the return yoke 11 has a
recess configurati on(Magndétat HemstamdeDeslge rounded by chanfering or
cutting, which helps to suppress the side witing. Nonethel ess, the rounded
edge maybe repl acedrdyFEne hathoigs a thé anguharicrioessdséctonprosea a

write head and a read head. The write head is a
single-pole type (SPT) head. The read head includes a
GMR element 13. Note that the write head charac-
terizes the present embodiment. By contrast, the read

20 head is of the known type, and will not be described.

The write head has a main magnetic pole 10, a

return yoke 11 and an excitation coil 12. A seal
isolates the write head and the read head from each
other.

25 When a write current is supplied to the
excitation coil 12, the main magnetic pole 10

generates a recording magnetic field. The recording



20 stepped cross section. The edge having such a cross section can suppress
the side witing, too. The influence of a side witing occurring at the
return yoke Z1 of type A (FIG 4A) incorporated in the disk drive will be

explained in detail, with reference 25 to FIG 5. Assune that the |ower
side of the return yoke 11 (FIG 4A), which opposes the disk 2, is a
rectangl e - 14 that extends 80 umin tlee w dthw se direction TWof the

track 200. Then, the rounded edges 40 are each spaced by 40 umfromthe
recording center on the disk 2. 5 FIG 5 represents the rel ati on between

the recording Gug:anid Widp: eant) suppliefloithe yrileisad and the

ratio of a side-wite signal to an on-track signal. e Wwite current is

30 mA or less, mosbidceHdOfy Iad ©ERER L dueat Ocd hensi e M 1 LiPhe 1P T emains

at normal value. If the ratio of the side wite S|gnal to the on-track
signal is |ess suispl 4y o the SbUE Vi tiTie OESUI riNgrateLidbes (pUpded

edge of the return yoke 11 falls to a lowlevel. If the ratio of the
side-wite signalrtent heran e twacke simgnbd £ exceedls 4PhaBretliensideewiting
at either rounded edge of the return yoke 11 is at so high a level that a
read erré willlldewelsp ¥roowmlds praabl laty. mdgnéthiec woské, €ase, the side
witing may be so promnent to rewite (or over-wite) the servo 20 data
that is recordedr@Rghelel sikhie magnethic stlyn detitvimgrExwnttlea, the
magnetic head 1 can no | onger be positioned as is desired. (Another

Enbodi nent) FI GSCHAIRY gragne ke rbieldnot Wars enbodf oims afma@snehic pr esent

i nvention, nore precjseééathree wite heads, each for use in a magnetic

head 1. These Wit@ Head@Re' A Rl shield 60 each. - 15
The structure of the disk 2 and the principle of

10 perpendicular magnetic recording will be explained
with reference to FIG. 3.

As FIG. 3 depicts, the disk 2 is a double-layered
recording medium. It comprises a magnetic recording
layer 20, a soft magnetic layer 21, and a substrate

15 22. The recording layer 20 exhibits perpendicular
magnetic anisotroply. The soft magnetic layer 21 is
interposed between the recording layer 20 and the
substrate 22. It conducts the magnetic flux from the
main magnetic pole 10 in the vertical direction.

20 Thus, the layer 21 helps to magnetize the recording
layer 20 in the vertical direction. The magnetic flux
deriving from the main magnetic pole 10 passes through
the magnetic recording layer 20, soft magnetic layer
21 and return yoke 11. Hence, the layers 20 and 21

25 and yoke 11 constitute a magnetic circuit.

In the magnetic circuit, the magnetic flux

(recording magnetic flux) generated by the pole 10



The wite shield 60 is positioned, opposing the main magnetic pole 10. It
is interposed between the main magnetic pole 10a and the return yoke 11.
The shield 60 is a nenber that protects the magnetic head 1 from5 the
external magnetic field (external nagnetic disturbance). In short, the
wite heads of FIG 6A, 6B and 6C are identical to those shown in FIG 4A
4B and 4C, respectively, except in that the yeke 11 and wite shield 60 are
positioned symmetrically with 10 respect to the main nagnetic pole 10. Like
the return yoke 11, the wite shield 60 of the wite head shown in FIG 6A,

6B or 6C is soshaped &0 SURPIESS rﬁé’&fn%&ﬂ‘? y\%&%@%}é %Q%Xy?sag& its each

edge. 15 More specifically,”the wite head sho front view

has a write shi®st 6 ed 14§& the £,64 UF & oi0ke éﬂegie%ﬁﬁrﬁ)y&éufifat ed

in FIG 4A That is, the wite shield 60 has two roun orizontal edges

400 that are smaeedRapardclifedde pdryésd v ser dis@edt 00 FW0Eq1Hg brack 200
and have been rounded, by neans of cutting or chanfering. The wite head

shown in FIG 6B fuantetvicewedmsdimgwidgeshi@l d Bashapedihékerihe return
yoke 11 (type B) depicted in FIG 4B. Nanely, the wite shield 60 has two
rounded 25 ver thezal ERPs kD theatdiasle 2 pacediapaet idal 1 hecompl bid se
direction TWof the track 200 and have been rounded, by neans of cutting or
chanf ering. D spnaws tar e st ¢ eo IRl @C tlse ddivked)bhias a wite
shield 60 shaped like the return yoke 11 (type C) shown in FIG 4C. More
preci sely, theM5t 2 ReFrenti@ilar teadtrel @ BEcoydind. f aces the di sk 2,
is 5 rounded at the rear edge 420 that faces away fromthe main nmagnetic
pol e 10. The rear ed e‘ﬁ%“ﬂ%\%k%)een formed by either cutting or chanfering.
Havi ng the shape spegifiged above, the wite shjelds, 60 can suppress the
side witing that oglgrtﬁ? slI?LE)eréﬁleoga e elﬂﬁ%?e{é&ctﬁ%ef@t ﬁFntg}ng@lET used

in the Q%bom'“Hga&k¥§”dé¥%¥ﬁ¥%éﬁlby the saturated flux densities of

the main magnetic pole 10 and return yoke 11, the
saturated flux density and thickness of the soft
magnetic layer 21, and the write current flowing in
the coil 12. As is known in the art, the shape of

15 the return yoke 11 is related to the intensity the
magnetic field has at two ends of the return yoke 11.

The term “shape of the return yoke 11” means the

shape of that part which faces the surface of the disk
2. The term “ends of the return yoke 11” means those

20 parts of the yoke 11 which are spaced apart in the
widthwise direction TW of the track 200 that is
provided on the disk 2 as illustrated in FIG. 4A.
Thus, the shape of the return yoke 11, which
influences the intensity of the magnetic field,

25 determines the way the magnetic flux that extends in
the widthwise direction of the track 200.

The relation between the shape of the return yoke



In the magnetic head 1 of either enbodinent, the side witing occurring at
each edge of the return yoke 11 or wite shield 60 can suppressed. The soft
"15 magnetic layer 21 of the disk 2 nay be saturated causing a side witing,
particularly when the wite current is increased. Nonethel ess, the side
witing can be controlled well, thanks to the special structure of the
magnetic head 1. Since the side 20 witing i s suppressed, data is not
recorded (witten) on an undesired part of the disk, or a recorded part of
the disk is not demagneti zed. Thus, in the disk drive that perforns

perpendi cul ar qRgNGl ¢HLEGQL inféﬁl’ta} I%& t-h%e én\og'f’gjtxfeitq.% aftie%%l A 1e9ge of the

return yoke can be suppressed eve e magheti ¢ | ayer i s saturated.

As a result, thesshanale Geeer detean e o sk Rer pandicllal ang 17

magneti c recording can have high quality. Additional vant ages and
modi fi cations wild, meadily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not l[imted to 5 the specific

details and representas. wa enpedinmits whawp and dascr baskderej n.the
Accordi ngly, various nodifications my be nmade w t hout departing fromthe

spirit ob scopeetfurnheokendrlalhasnvsiat inceircient épir irontefll rethdy 4he appended
clains and their equival ents. - 18 WHAT IS CLAIMED IS: 1. A disk drive
conpri sing: a dihsik- shapegpacechrgiany neditim fWorderipendiindcariomdhietat
recordi ng, which includes a soft nmagnetic 5 | ayer and a magnetic recording
| ayer provided tde tthrecdofa00ragids damizantadnedgataditetiayehdmmbEmhi ch
includes a main magnetic pole for generating a recording nmagnetic field

ext endi ng per p&Rdinéi§idar o Meaqa Yt gt sy it 4 3y ter ZeTeturn

yoke for formng a magneti ¢ path which quides, through the soft magnetic
| ayer, a rragnetf%dfef'l edr“’%e\):i"&d‘ MU te &sklfi A gt 41 et gener at ed

etge hion oppdtee s B B fRee ol et SEAaa P AL h Ttk i and
whi ch than any other surface. The return yoke 11 shown in
FIG. 4A will be called “type A,” for convenience of
explanation.
FIG. 4B is a font view of another type of a yoke
15 11. This return yoke 11 has two rounded vertical
edges 41 that are spaced apart in the widthwise
direction TW of the track 200. The vertical edges 41
have been rounded, by means of cutting or chamfering.
The return yoke 11 shown in FIG. 4B will be called
20 “type B,” for convenience of explanation.
FIG. 4C is a side view of still another type of a
return yoke 11, which will be called “type C.” As
seen from FIG. 4C, the lower side of this yoke 11,
which faces the disk 2, is rounded at the rear edge 42
25 that faces away from the main magnetic pole 10.
The edge 42 has been formed by either cutting or

chamfering.



is so shaped that a ratio of the field intensity at that edge to the
intensity of the magnetic field generated by the main nagnetic pole is
equal to or |less than a predeterm ned val ue for suppressing a side 20
writing caused by an intense magnetic field emanating fromthe edge of the
return yoke. 2. The disk drive according to claim1, wherein said edge of
the return yoke has a surface which is-opppsite the surface of the

di sk-shaped recordi ng 25 nedium which has an area smaller than any ot her
surface and which therefore helps to suppressing a side witing caused by

an intense magnetic fielwhiarih? bgg’g@@%i%f&\?\#é hee edg o&t@ge%gt urn

yoke. 3. The disk drive according to clai erern sard edge of the

return yoke is r&@ushapetkddat; t(i"tq,rféigq_\,i R EHE SPagss Eﬂlfnir#"@ng er part

froma track 5 which is fornmed on'the surface of the di shaped recording
medi um 4. The tties ket AGCAIH NMhd G €] @idn doudied eddyd her retdir foyoke is

so shaped that first distance between the edge and the nain magnetic pole
is nmore 10 thanlseddnd b stianass el ieentdhes centiede Pt i Ansie tige Mai n
magnetic pole. 5. The disk drive according to claim1, wherein said edge of
t he retubn yokd iies dsd.ndteaymect ¢t leatt udid Wirsdsanoeedbefovegie afyep@art and t he
mai N magnetic pole 15 is proportional to the distance between the part and
the surface of iffendiidik: sedped Iyecuratiunedredi uthe 6tifhef ditsk maive
according to claim1, wherein the nagnetic head further includes a wite
shi el d whi ch ofFSSEL h@Fl& drh yoke across the main nagnetic

In the case of an ordinary return yoke 11
(FIG. 1) having no rounded edges, the field intensity
10 at each edge is about 15% of the field intensity at
the main magnetic pole 10. At this value of the
magnetic field, a side writing develops at each edge
of the return yoke 11. It is confirmed that the side
writing is likely to occur when the main magnetic pole
15 10 generates a recording magnetic field, saturating
the soft magnetic layer 21. 1In view of this, the side
writing is regarded as a phenomenon in which the
magnetic flux derived from the recording magnetic
field reaches to the return yoke 11, not concentrating
20 at the center of the yoke 11.

In the case of the return yoke 11 of type A, the
field intensity at each rounded edge 40 is about 7% of
the field intensity at the main magnetic pole 10. In
the case of the return yoke 11 of type B, the field

25 intensity at each rounded edge 41 is about 9% of the
field intensity at the main magnetic pole 10. In the

case of the return yoke 11 of type C, the field



20 pol e and whi ch has an edge opposing a surface of the disk-shaped
.-recordi ng nedi um and so shaped that a surface which is opposite the surface
of the di skshaped recordi ng nedi um has an area small er than any ot her
surface. 25 7. The disk drive according to claim®6, wherein said edge of
the wite shield is so shaped that the edge is nore spaced than the center
part froma track - 20 which is forfredi®n the surface of the disk-shaped
recordi ng medium 8. The disk drive according to claim®6, wherein the wite
shield is so shaped that first distance 5 between the edge and the main

magnetic pole i JEa dfalt SEEOb A ANgs 40.6423%5%,% Sacedd efe PalL and the

mai n magnetic pole. 9. I've accordin claim efn said

edge of 't he wrisie15hiselhiss 5 shaped ddal i di0 Lyt Ance, bet ween any. par
(0] e

and the main magnetic pole is proportional i'stance between the part
and the surface of ties di skrshapeshs eepr gt NG dRAEMNMAIE- cJhe FESkndrive

according to claiml1l, wherein the nmagnetic head further includes a wite

shield 15 whi chredpposegpidie Tletdff rtyake BCr®snd e dmidrdmanetd copol e;
return yoke has an edge opposing a surface of the disk-shaped recording

medi um afd so shaed itdmatisa Iswdradthaubstanticld impasedite) 410 ddensurface
of the di sk-shaped recordi ng nedium has an area snmaller than 20 any ot her
surface; and t 889 iafe tie almfliver varretdys opposilg sheun faceFbE. the

di sk-shaped recordi ng nedium and so shaped that a surface substantially
paral l el to th&Tsir fldcdesfauste tdisRagngidd ridovt dimapateiianfhes tre ar ea
smal l er than any ot her surface, 25 11. A magnetic head for use in a disk

drive that use & -Sh dhed Giedorddi SR G Ak Sora e eRRi e Aro fragnet i ¢

recordi ng, which includ a .soft netic - 21 Jayer and a nagnetic
recording | aye(r;Chp?r é’\ﬂ]?fegsjbﬁltr}?ee stg’?etg TRpfRd cecf%‘ye‘]rq' st Piebmhet$ ¢ head

i SlhRg: - t ' t.ect tic, f f th
ragnet: ¢ Tecor BLAT IpST S ARGhGE ¥4 B S tbrSGponbi TP B 50 ecor ded

by nmeans of pergpgndicul t’ﬁBeQ tJ ecofdi no; wrjte- | ement _which is
> i e e%él& ok elqk{:lég’l net elsceeah%gl%nl ncgg%aélf?%d pol e

spaced fromthe read-head nt and o

for generatingpy ra@ﬁ@ﬁﬂé?&é@%éﬂdciﬁéldl%n%%ﬂqidwfﬂﬁﬁ Icylar to the

magnetic recording layer and a return yoke for form™ng a nagretic path
whi ch gui des, ©ifr atgh ddteirsofiiok@anetd s Ry &fupfrdmaneti oo |t drkvipg from

the recording magnetic field generated by the main nmagnetic pole, said
return head incorporated in the magnetic head 1.
15 In the present embodiment, the return yoke 11 has
a recess configuration, with at least one edge rounded
by chamfering or cutting, which helps to suppress the
side writing. Nonetheless, the rounded edge may be
replaced by one having a triangular cross section or a
20 stepped cross section. The edge having such a cross
section can suppress the side writing, too.

The influence of a side writing occurring at the
return yoke 11 of type A (FIG. 4A) incorporated in the
disk drive will be explained in detail, with reference

25 to FIG. 5.
Assume that the lower side of the return yoke 11

(FIG. 4A), which opposes the disk 2, is a rectangle



15 yoke having a center part and an edge whi ch opposes a surface of the

_di sk-shaped recordi ng nmedi um and which is so shaped that a ratio of the
field intensity at that edge to the intensity of the magnetic field
generated by the main magnetic pole is equal to or 20 less than a
predeterm ned val ue for suppressing a side witing caused by an intense
magnetic field emanating fromthe edge-ofi4he-return yoke. 12. The magnetic
head according to claim 11, wherein said edge of the return yoke has a
surface 25 which is opposite the surface of the disk-shaped recording

T oo PR LASR ST WA LAheW Ao ol aca Ag Wieh

therefore hel ps to suppressing a side witing caused

magnetic fiel d@pmanatddg fgem theedae, Of rd e el Y UE 2 A3 e die magnetic
head according to claim 11, wherein said edge of the return yoke is so

shaped that 5 tfad0ey UIQLE SRACEhd hadkd hel te it Pdardn fea a track
which is fornmed on the surface of the di sk shaped recording nedium 14. The

magneti c head apigrding to claim1ll, wherein the return yoke is so shaped
that first 10 di stance between the edge and the main nmagnetic pole is nore
t han secénd di st anceFet weerep hes @etis ethpar ¢ landon hee teeen melgaet i ¢ pol e.

15. The magnetic head according to claim1l, wherein said edge of the
return yoke is mrotvhper adraterts (vielth stwrcen et swepl bey parthand the nain
magnetic pole is proportional to the distance between the part and the
surface of the Wiidke sgtdrecdidli fRtedtn 35leThel FaghkiRal headn

according to claim 11, further including a, wite shield which ogﬁoses t he
on-track signal. If the write current is 30 mA

less, no bit-error rate (BER) due to the side writing
10 remains at normal value. If the ratio of the side-
write signal to the on-track signal is less than
40 dB, the side writing occurring at either rounded
edge of the return yoke 11 falls to a low level.
If the ratio of the side-write signal to the on-
15 track signal exceeds 40 dB, the side writing at either
rounded edge of the return yoke 11 is at so high a
level that a read error will develop for all
probability. In the worst case, the side writing may
be so prominent to rewrite (or over-write) the servo
20 data that is recorded on the disk 2. If the servo
data is rewritten, the magnetic head 1 can no longer
be positioned as is desired.
(Another Embodiment)
FIGS. 6A to 6C illustrate another embodiment of
25 the present invention, more precisely three write

heads, each for use in a magnetic head 1.

These write heads have a write shield 60 each.



20 return yoke across the main magnetic pole and which has an edge opposi ng
.a surface of the disk-shaped recordi ng nedi um and so shaped that a surface
which is opposite the surface of the disk-shaped recordi ng nedi um has an
area small er than any other surface. 25 17. The magnetic head according to
claim 16, wherein said edge of the wite shield is so shaped that the edge
is nore spaced than the center part frroml5- 23 a track which is formed on
the surface of the diskshaped recordi ng medium 18. The nagnetic head
according to claim 16, wherein the wite shield is so shaped that first 5

di stance betwegq ! e 1edagand 4 he % 0, SRR &4 P d S P 6h d iy pecond

di stance between the center part a the main magnetic pole. 19. wherein 10

that the magnetgridte Pt dmd . umscThes magnetd & e ash Bec ding mpigl ai m 16,
said edge of the wite shield is so shaped distance between any part and

the main pole imgpreanes thoarall 00 drie ties trstaerbeioeen and e swidage of

t he di sk-shaped recordi ng 20. The magneti c head according to claim 11, 15
whi ch further iatcligwdes memirart ekt edwbtddted tdpposemdthies rredard Nl yHkem acr oss
the main magnetic pole, said edge of the return yoke is so shaped that a
surface which ithesebhdteamtalalnagearial |fEleltd tdetestmrdlacemagietie di sk-shaped
recordi ng nmedi um and which has an area 20 smaller than any ot her surface,
and the wite shisdiudbsasen edge Dppdsi rigia Wwikfeadeeads thle MIGk- haped
recordi ng medi um and. so shaped that a surface substantjally parallel to the
surface of the &8 SshffedieddditiFHediunttige ahaea sl §erddhafBany 25

?Z?ie% A A AL BTk K, AP IRE VR o SHEIRE AD) AR AoEDR, YRS AP o
{\l/Jc?I3 gb]@X] ca] ca]'&a] e & A AT e AT er T R at thf ca] ca] ca] ca
Ica] cal (i%] caj C%]ec eccq:] ccacJ Cc-ﬁaé %?a"ﬂr?qtllagq}letic ciaole 10.

Like the return yoke 11, the write shield 60 of
the write head shown in FIG. 6A, 6B or 6C is so shaped
to suppress the side writing that occurs at its each
edge.

15 More specifically, the write head shown in
FIG. 6A (front view) has a write shield 60 shaped like
the return yoke 11 (type A) illustrated in FIG. 4A.
That is, the write shield 60 has two rounded
horizontal edges 400 that are spaced apart in the

20 widthwise direction TW of the track 200 and have been
rounded, by means of cutting or chamfering. The write
head shown in FIG. 6B (front view) has a write shield
60 shaped like the return yoke 11 (type B) depicted in
FIG. 4B. Namely, the write shield 60 has two rounded

25 vertical edges 410 that are spaced apart in the
widthwise direction TW of the track 200 and have been

rounded, by means of cutting or chamfering.
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In the magnetic head 1 of either embodiment, the
side writing occurring at each edge of the return yoke
11 or write shield 60 can suppressed. The soft
15 magnetic layer 21 of the disk 2 may be saturated
causing a side writing, particularly when the write
current is increased. Nonetheless, the side writing
can be controlled well, thanks to the special
structure of the magnetic head 1. Since the side
20 writing is suppressed, data is not recorded (written)
on an undesired part of the disk, or a recorded part
of the disk is not demagnetized.
Thus, in the disk drive that performs
perpendicular magnetic recording, the side writing at
25 any edge of the return yoke can be suppressed even if
the soft magnetic layer is saturated. As a result,

the signals recorded on the disk by perpendicular
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magnetic recording can have high quality.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

5 the specific details and representative embodiments
shown and described herein. Accordingly, wvarious
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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magnetic recording, which includes a soft magnetic
5 layer and a magnetic recording layer provided on the
soft magnetic layer; and

a magnetic head which includes a main magnetic
pole for generating a recording magnetic field
extending perpendicular to the magnetic recording

10 layer and a return yoke for forming a magnetic path
which guides, through the soft magnetic layer, a
magnetic flux driving from the recording magnetic
field generated by the main magnetic pole, said return
yoke having a center part and an edge which opposes a

15 surface of the disk-shaped recording medium and which
is so shaped that a ratio of the field intensity at
that edge to the intensity of the magnetic field
generated by the main magnetic pole is equal to or
less than a predetermined value for suppressing a side

20 writing caused by an intense magnetic field emanating
from the edge of the return yoke.

2. The disk drive according to claim 1, wherein
said edge of the return yoke has a surface which is
opposite the surface of the disk-shaped recording

25 medium, which has an area smaller than any other
surface and which therefore helps to suppressing a

side writing caused by an intense magnetic field
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. The disk drive according to claim 1, wherein

the return yoke is so shaped that first distance
between the edge and the main magnetic pole is more

10 than second distance between the center part and the
main magnetic pole.

5. The disk drive according to claim 1, wherein
said edge of the return yoke is so shaped that the
distance between any part and the main magnetic pole

15 is proportional to the distance between the part and
the surface of the disk-shaped recording medium.

6. The disk drive according to claim 1, wherein
the magnetic head further includes a write shield
which opposes the return yoke across the main magnetic

20 pole and which has an edge opposing a surface of the
disk-shaped recording medium and so shaped that a
surface which i1s opposite the surface of the disk-
shaped recording medium has an area smaller than any
other surface.

25 7. The disk drive according to claim 6, wherein
said edge of the write shield is so shaped that the

edge is more spaced than the center part from a track
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than second distance between the center part and the
main magnetic pole.
9. The disk drive according to claim 6, wherein
said edge of the write shield is so shaped that the
10 distance between any part and the main magnetic pole
1s proportional to the distance between the part and
the surface of the disk-shaped recording medium.
10. The disk drive according to claim 1, wherein
the magnetic head further includes a write shield
15 which opposes the return yoke across the main magnetic
pole; return yoke has an edge opposing a surface of
the disk-shaped recording medium and so shaped that a
surface substantially parallel to the surface of the
disk-shaped recording medium has an area smaller than
20 any other surface; and the write shield has an edge
opposing a surface of the disk-shaped recording medium
and so shaped that a surface substantially parallel to
the surface of the disk-shaped recording medium has an
area smaller than any other surface.
25 11. A magnetic head for use in a disk drive that

uses a disk-shaped recording medium for perpendicular

magnetic recording, which includes a soft maghetic
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corresponding data recorded by means of perpendicular
magnetic recording;

a write-head element which is spaced from the
read-head element and which includes a main magnetic
pole for generating a recording magnetic field
extending perpendicular to the magnetic recording
layer and a return yoke for forming a magnetic path
which guides, through the soft magnetic layer, a
magnetic flux driving from the recording magnetic
field generated by the main magnetic pole, said return
yoke having a center part and an edge which opposes a
surface of the disk-shaped recording medium and which
is so shaped that a ratio of the field intensity at
that edge to the intensity of the magnetic field
generated by the main magnetic pole is equal to or
less than a predetermined value for suppressing a side
writing caused by an intense magnetic field emanating
from the edge of the return yoke.

12. The magnetic head according to claim 11,
wherein said edge of the return yoke has a surface
which is opposite the surface of the disk-shaped
recording medium, which has an area smaller than any

other surface and which therefore helps to suppressing
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wherein said edge of the return yoke is so shaped that
5 the edge is more spaced than the center part from a
track which is formed on the surface of the disk-
shaped recording medium.
14. The magnetic head according to claim 11,
wherein the return yoke is so shaped that first
10 distance between the edge and the main magnetic pole
is more than second distance between the center part
and the main magnetic pole.
15. The magnetic head according to claim 11,
wherein said edge of the return yoke is so shaped that
15 the distance between any part and the main magnetic
pole 1s proportional to the distance between the part
and the surface of the disk-~shaped recording medium.
16. The magnetic head according to claim 11,
further including a write shield which opposes the
20 return yoke across the main magnetic pole and which
has an edge opposing a surface of the disk-shaped
recording medium and so shaped that a surface which is
opposite the surface of the disk-shaped recording
medium has an area smaller than any other surface.
25 17. The magnetic head according to claim 16,
wherein said edge of the write shield is so shaped

that the edge is more spaced than the center part from
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18. The magnetic head according to claim 16,
wherein the write shield is so shaped that first
5 distance between the edge and the main magnetic pole
is more than second distance between the center part
and the main magnetic pole.
19. The magnetic head according to claim 16,
wherein said edge of the write shield is so shaped

10 that the distance between any part and the main
magnetic pole is proportional to the distance between
the part and the surface of the disk-shaped recording
medium.

20. The magnetic head according to claim 11,

15 which further includes a write shield which opposes
the return yoke across the main magnetic pole, said
edge of the return yoke is so shaped that a surface
which is substantially parallel to the surface of the
disk-shaped recording medium and which has an area

20 smaller than any other surface, and the write shield
has an edge opposing a surface of the disk-shaped
recording medium and so shaped that a surface
substantially parallel to the surface of the disk-
shaped recording medium has an area smaller than any

25 other surface.



