10

15

20

25

TI TLE OF THE | NVENTI ON PERPENDI CULAR MAGNETI C HEAD AND
PERPENDI CULAR MAGNETI C DI SK APPARATUS BACKGROUND OF

e present invention relates to a

per pe netic head and a perpendi cul ar
magneti c disgl« apparatus. In recent years, magnetic

di sk apparatuses have been severely required to have
sufficient external 10 nagneticlfield resistance in
accordance with reduction in size and weight.
Conventionally, in order to inprove the externa

field resistance of tIMEIm@EITIHE dNSENTIAY at us, it

has been proposed, for exanple, to provide a magnetic
15 sREBPENREREUEARS HAGHEAICh glEARe ANG RERGIES DGCULAK MAGNETIC .
wite_ head by which an external magnetic field is
preveABEJAPERBMAIEénetrating i nto the nain pole so as
to reduce adverse_effect of the external field (see
Jpn. Pat. Appln. REKAFREUNP 25t THH RBVE§§éQN185672)

oxt l?ﬁaf’rﬁf“érér'E%vﬁﬁﬁgéve 4 P hares: (% Foa fopndicular

nagnﬁgbﬁegggxhe @kgnﬁrgnbgq%%ngg ﬁ%@sng n%Qﬁé”Hf§%“

of theé“read hea net
apparatus.

In recent years, magnetic disk apparatuses have
been severely required to have sufficient external
magnetic field resistance in accordance with reduction
in size and weight.

Conventionally, in order to improve the external
field resistance of the magnetic disk apparatus, it
has been proposed, for example, to provide a magnetic
shield member surrounding the main pole of the write
head by which an external magnetic field is prevented
from penetrating into the main pole so as to reduce
adverse effect of the external field (see Jpn. Pat.

" Appln. KOKAI Publication No. 2004-185672).

The present inventor has found that, when an
external field intrudes into the magnetic head, a
magnetic flux leaks from edge portions of the shields
of the read head facing the magnetic disk, so that
data already recorded to the magnetic disk may be
miserased. Also, it has been found that the adverse
effect of the external field through the shields of

the read head is rather profound than that through the

T
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data al ready recorded to the magnetic disk may be 25

m serased. Also, it has been found that the adverse
effect of the external field through the shields of

the read head is rather profound than that through the
&0002* mai n pole. However, since the conventiona
magneti c di sk apparatus has the nagnetic shield

menber surrounding the nmain-po¢e only, it cannot

avoi d the above problem and has an insufficient

external field 5 resistance. BRI EF SUMVARY OF THE

| NVEMZE N A1 per pabdeeular sipgaethe keadeattondilngalgbetic
an aspect of the present invention conprises: a wite
headdink&l agpagaausahaspthe, magneturcnsiidkéd aedbarlO
recording coil; a read head including a
magnetsreshdingethil mpiangoaepant vof ishicehdstapvangedhe
so as_to sandwi ch the magnetoresistive film and a
sof t 2hAYAePrebLPMnRAAr BA§ednsdnasffacdgntogidesnge field
faces and a top face of the read head. 15 A

per pER8FEGRAFemagneti ¢ di sk apparatus according to

per pondi cul ar - maGRIRTc SHERA ok TeFng VAN head”

o) 9520, SR oKBa SR LG D

?geaﬁgpécﬁabf ehespi-ekdstan harged os0cBRpks2aNAW Ghite
head including a main pole, a return yoke, and a
recording colil; a read head including a
magnetoresistive film, and a pair of shields arranged
so as to sandwich the magnetoresistive film; and a
soft magnetic film arranged so as to surround side
faces and a top face of the read head.

A perpendicular magnetic disk apparatus according

to another aspect of the present invention comprises:
a perpendicular magnetic head comprising: a write head
including a main pole, a return yoke, and a recording
coil; a read head including a magnetoresistive film,
and a pair of shields arranged so as to sandwich the
magnetoresistive film; and a soft magnetic film |
arranged so as to surround side faces and a top face
of the read head; and a magnetic disk including a
substrate, and a soft magnetic underlayer and a
perpendicular recording layer formed on the substrate.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a perspective view showing a principal
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magnetoresistive film and a soft magnetic film
arranged so as to surround side faces and a top face
of the read head; and a magnetic di sk including a
substrate, and a soft nmagnetic underl|layer and a 25
per pendi cul ar recording |ayer fornmed on the substrate.
BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS OF THE DRAW NG
FIG 1 is a perspective view shppwi-ng a principal part
of a perpendi cul ar magneti c di sk apparatus according
to a first enbodinent; FIG 2 is a front view of the

pergﬁ@ﬂtcgfaé @g@@ﬁaiéuﬂaﬁkma?ﬁat@&ualazcgpgaagtug
the first ment viewed fromthe head trailing

sudeaccé%&in@ ts a bbrspbmenvbedinént he magneti c head
according to the first enbodi nent viewed fromthe air
bearing sEifacd; ikl & f4ons wipWanfvibw pRomengigushape
of another 10 soft magnetic filmused in the first
enbodi et ic PGS ksapRagatRenecoPERL B EOpEFEeﬁHFéﬁlar

magneti c di sk apparatus accordin difie
enbodFheRt e Bk Yh%w??rgFOEnﬁaﬁlﬁ%ﬁ QF@aEﬂn9r6ﬁ¢?he

head L3l L4095 951 18FL Sy, S4B et R PR bR Bl
S B R A SRR PG L i
appapaf Hsngceerehag;to the second

FIG. 4 is a plan view showing a shape of another
soft magnetic film used in the first embodiment;

FIG. 5 is a front view of a perpendicular
magnetic disk apparatus according to a modified
embodiment for the first embodiment viewed from the
head trailing side;

FIG. 6 is a perspective view showing a principal
part of a perpendicular magnetic disk apparatus
according to a second embodiment;

FIG. 7 is a front view of the perpendicular
magnetic disk apparatus according to the second
embodiment viewed from the head trailing side;

FIG. 8 is a bottom view of the magnetic head
according to the second embodiment viewed from the air
bearing surface;

FIG. 9 is a front view of a perpendicular
magnetic disk apparatus according to a third
embodiment viewed from the head trailing side;

FIG. 10 is a front view of a perpendicular
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20 enbodi nent viewed fromthe head trailing side; FIG
8 is a bottomview of the magnetic head according to
t he second enbodi nent viewed fromthe air bearing
surface; FIG 9 is a front view of a perpendicular 25
magneti ¢ di sk apparatus according to a third

enbodi nent viewed fromthe head trailing side; FIG 10
is a front view of a perpendi cW ar- magneti c di sk
apparatus according to a nodified enbodinment for the
third enbodi nent viewed fromthe head trailing side;
FI Gmddnésia diontaypberadhisaapeppenaycubas mbdinagedtic
di sk apparatus according to a fourth enbodi nent

vi evedbdd bnehhefbeathérahlrdgesbdéimand Fi&ved2firemathe
graph showing a rel ati onship between s/p and

per nhgsd bt eaekivgnalidéi el d. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 10 Herei nafter, enbodi nents of the
present i RYEnt féniswRl EXBBLI¥EEH BédAWPERPFEFELEREE t o

t he draw ngs t Enbod t [
pers%%%%%?g v?ééﬁgagﬂﬁﬁ@tgsLgEEB%BéPg Eﬁr% SPUFHQ

I
he FpSt eRBbarnenrs Erel sRPCREaH, Brp2LiRELEgray, e

perpendlpﬁ&ar @Egﬁgtbcgghﬁé.@gB%Hﬁguébrﬁﬁ%ngnsﬁqg}%@%ween

head trailing side ottom vi ew
the gpgnghiicpobeadsyigredekeambherakia.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention

will be described with reference to the drawings.

(First Embodiment)

FIG. 1 is a perspective view showing a principal

part of the perpendicular magnetic disk apparatus

according to the first embodiment, FIG. 2 is a front

view of the perpendicular magnetic disk apparatus
viewed from the head trailing side, and FIG. 3 is a
bottom view of the magnetic head viewed from the air
bearing surface (ABS).

The magnetic disk (a so-called perpendicular

double~-layer media) mounted to the perpendicular

magnetic disk apparatus has a structure that the soft
magnetic underlayer 2 and the perpendicular recording
layer 3 are formed on the substrate 1. The
perpendicular recording layer 3 has magnetic
anisotropy in the perpendicular direction to the media

surface.
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beari ng surface (ABS). 20 The magnetic disk (a

so-cal | ed perpendi cul ar doubl e-layer nedia) nounted

to the perpendi cul ar nmagnetic di sk apparatus has a
structure that the soft magnetic underlayer 2 and the

per pendi cul ar recording layer 3 are forned on the
substrate 1. The 25 perpendicular recording | ayer 3

has magnetic ani sotropy in +4he perpendi cul ar

direction to the nedia surface. The magnetic head 10
installed in the perpendicul ar magnetic disk

appar at usThasmagheatichhadd andiaswmilledheéadthé&he read
head has a structure that the nagnetoresistive film
(GVRoérpbepdiluisrsmaadnetheddbsbeappenathe bBhAsehdsead head
and 13 forned of a soft nmagnetic material. The wite
headandchudestehbeadi n Thel seag, hepd hasupnsysretyse that

that is provided on the |eading side with_respect to
t he ﬁaﬁnmﬁan@tqs?saﬁalVﬁefl%@céEHBnal&E?|1%7%8F5?P989Fhed

h f ic fi 2 O i id
Lo Bk TS AL T % IR b

t m t ABS f s .
Temygobon e ABhaol e Lepde hesd The hoLion, s,

to t O . ekl T
0 églg'?FPh%%ioEeEngnggﬂgti% tﬂh§d1i55§o§QEEd on the

magneti c _can asily forne as a pattern
of alégaangagmaglﬁiéhlgb@gﬁkeet@nehesmaﬁacgowé ﬂB?_and the
u [

head slidef (not shown). s, the soft nmagnetic I m

21 sueeewddsgtbeil 17. Further, the soft magnetic film 21
is provided so as to surround the side faces and the
top face (the face remote from the ABS) of the read
head. The bottom surfaces of the soft magnetic film
21 are arranged up to the vicinity of the magnetic
disk. The soft magnetic film 21 can be easily formed
as a pattern of a soft magnetic film on the end
surface of the head slider (not shown). |

Thus, the soft magnetic film 21 surrounds the
side faces and the top face of the read head except
the ABS and exerts a function of shielding the entire
read head against an external field, making it
possible to prevent the external field from intruding
into the read head.

Further, the apparatus is designed such that the
distance s between the soft magnetic film 21 and the
shields 11 and 13 in the read head is made greater
than the distance p between the soft magnetic film 21

and the soft magnetic underlayer 2 in the magnetic
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side faces and the top face of the read head except
the ABS and exerts a function of shielding the entire
20 read head agai nst an external field, naking it
possible to prevent the external field fromintruding
into the read head. Further, the apparatus is designed
such that the distance s between the soft magnetic
film21 and the 25 shields 41 @nd-13 in the read head
is made greater than the distance p between the soft
magnetic film21 and the soft magnetic underl ayer 2
in theskagnetike, dtsk. dideeancekhe destvanaeticbebvieemaghetic
soft magnetic film21 and the shields 11 and 13 in
the fead headndnmehasshheldsalileahddilSt ancéhe read head
t her ebet ween. For the present enbodi nent, the

di stmesmssthe theldestadéetsnbet Whemebhswiesner Eodethe

face of the soft nmagnetic film 21 and the sides of
t he BEP&PHS i@bﬁﬁémfetflﬁh§uéﬁséan&€ségﬁs fbeaddstenee

| fiel
??fe ggw?SESES sgpggggﬁaaFrgg%éng%?Iéﬁe?oggfﬂagﬁ%%%El%llm
m h
fiolt r%aghg tﬁé &5, 8§dtgfcgg§8{%§wqﬁaggg %3?ﬁé%5n%h°h a

nagnﬁ%%fgh éuséCEHEdEQQE¥nF%”E§%ﬁ S%soﬁaB%CQBdQQOw

dat a age magnetic uxes from the edge

port EoRJ eﬁetesf%hmsbqétlé gndnl31 kB the wead headetic
due to the intrusion“of the external is field can be

prevgptiedialekew 8, tReShaadedf cf eadk,Sitteals igandbease

prevent ed.
where the external field reaches the shields 11 and 13
through the soft magnetic film 21. Accordingly,
miserase of recorded data by the leakage magnetic
fluxes from the edge portions of the shields 11 and 13
in the read head due to the intrusion of the external
field can be prevented. Likewise, misread of read
signals can be prevented.

Here, it is preferable that the ratio s/p between
the distance s and the distance p satisfy the
following relationship: 1 < s/p = 50. Because the
distance s between the soft magnetic film and the
shields included in the read head should be greater
than the distance p between the soft magnetic film and
the soft magnetic underlayer of the magnetic disk, s/p
is greater than 1. However, if the distance s is too
large, the external field resistance is degraded.

FIG. 12 shows a relationship between s/p and

permissible external field based on experiments. The
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Here, it is preferable that the ratio s/p between the
di stance s and the distance p satisfy the follow ng
relationship: 1 < s/p ;~~ 50. Because the 20 distance

s between the soft nmagnetic filmand the shields
included in the read head should be greater than the

di stance p between the soft nmagnetic filmand the

soft magnetic underl ayer of thé& nmagnetic disk, s/p is
greater than 1. However, if the distance s is too 25

| arge, the external field resistance is degraded.

FI G fdRlohows aupitatabnShipubat iveepivép &ndm the graph:
perm ssi bl e external field based on experinents. The

f ol | owi ngPenpissthlefoxparaal stgpken=f o thee¥p aph/S0p) -
Perm ssi ble external field = 250 X exp(-s/50p)

Provi ded PRavi¢ed bRebrhAf exepanpésficafdcecreghrres

in the narket is 100 Ce, the ratjo_s/p _should, 5
pr ef €F 3B §eBel BOLl? m%%%@tlhstﬁébp?%seﬁ eeﬁBgHPnéﬁP,Should

it f bl e that t - | ed ti f
exariT 8E ST SdS02 T o FLeE Sa) are provi ded by

bevel i | : A

magnet1 & P A S 105 S hbun PABERT 6 Oy, ZinercChe "Bage 2t

por tb9nss QL ahhee §Oh L FBIAST | Eorf bkBhBle 2r €1 PARGESS LN
in such a manher, concentration of the external field

can begsuppressedroadeiintg beRgNehyCthbusegeapertions on

allowed to flow snmoothly from the soft magnetic film

21 tohéhmBSobf thgnedft magnedec! yem 21 as shown in
FIG. 4. When the edge portions of the soft magnetic
film 21 are processed in such a manner, concentration
of the external field can be suppressed, and thus
magnetic fluxes are allowed to flow smoothly from
the soft magnetic film 21 to the soft magnetic
underlayer 2.

It should be noted that the shape of the soft
magnetic film shielding the entire read head is not
particularly limited. For example, the soft magnetic
film 22 having the shape shown in FIG. 5 can be used.
In FIG. 5, the smallest distance s between the soft
magnetic film 22 and the shields 11 and 13 is the read
head is the distance between the bottom face of the
upper portion of the soft magnetic film 22 and the top
face of the shields 11 and 13.

(Second Embodiment)

FIG. 6 is a perspective view showing a principal

part of the perpendicular magnetic disk apparatus
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It should be noted that the shape of the soft
magnetic filmshielding the entire read head is not

‘particularly limted. For exanple, the soft magnetic

film22 having the shape shown in FIG 5 can be used.

20 In FIG 5, the smallest distance s between the soft
magnetic film 22 and the shields 11 and 13 is the read
head is the distance between-thg bottom face of the

upper portion of the soft magnetic film22 and the top
face of the shields 11 and 13. 25 (Second Enbodi nent)

FI G abcbsdangetsperki ¥ecvheWesBowiigna, PFIGCi pais paftont
of the perpendi cul ar magneti c di sk apparatus accordi ng

to théeseobntdhenpedpardt cuEbG méghstacf dork appewadf:s

t he perpendi cul ar magneti c di sk apparatus viewed from

t he weadedr &rpmnghsi HeadahdaELGng8siidea abdt Fof. vBews a
of the magnetic head viewed fromthe ABS. 5 The

per pealFenl iedonbl Ehpapagnatdrahrsdnvéaved fram the ABS.
per pendi cul ar magnetic disk a ratus has the simlar
structureTf§ Pﬁége§ﬂéﬁﬁ ) ﬁP%EieI aMgromedia mounted to
magnetic _head i.nstalled in the perpendicul ar netjc

i Sk BB pRF AP GRohaK A BAE REAS And e kPrLECHEAR S ThES

10 r - d ruct t h (%@% il [
sand%?@hggébggaggﬁu? egéhyégasg?%wéngnll %fnghégg g' The
sof tngBgaet LehBBbel hata17Rg mﬁlEﬁehgagpbﬂehquartmgﬁnetic

mai n pole 15, the return yoke 18 that is provided

the #iakl bppashd@sWnbb kegpgat hkadt REdMRI Rrpekehdad. The
read head has a structure that the GMR film 12 is
sandwiched between the shields 11 and 13 formed of a
soft magnetic material. The write head includes the
main pole 15, the return yoke 18 that is provided on
the trailing side with respect to the main pole 15,
and a recording coil 17. Further, the soft magnetic
film 23 is provided so as to surround the side faces
and the top face of the read head. The bottom
surfaces of the soft magnetic film 23 are arranged up
to the vicinity of the magnetic disk. Thus, the soft
magnetic film 23 surrounds the side faces and the top
face of the read head except the ABS and exerts a
function of shielding the entire read head against an
external field, making it possible to prevent the
external field from intruding into the read head.

Also, the apparatus is designed such that the

distance s between the soft magnetic film 23 and the

shields 11 and 13 in the read head is made greater
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15 and a recording coil 17. Further, the soft magnetic
film23 is provided so as to surround the side faces

and the top face of the read head. The bottom

surfaces of the soft nagnetic film 23 are arranged up

to the vicinity of the magnetic disk. Thus, the soft

20 magnetic film 23 surrounds the side faces and the

top face of the read head except +he ABS and exerts a
function of shielding the entire read head agai nst an
external field, nmaking it possible to prevent the

ext etnah thel diktafckenpr bdichgenntbet Befiteadgheadc #91m 23
Al so, the apparatus is designed such that the

di st andetbebetfitenaghetsof ingegietyiec Ri lim 2Beamdgnieeic
shields 11 and 13 in the read head is made greater

t handiB&. di $nacbe preeenteambpdigent mgghetile Pielcmup’ the
and the soft magnetic underlaye r 2 in the magnetic ,
di skeXFRTPRE predeniserBegi Fentlay WEOM thec&edd fpgnetic

external field is made to flow fromthe soft ragnetic

5 fif ?32?otPhE%§OFP%ﬁa6‘ﬁQt’IFEl&nb‘@ldleé g¥%5 Pnifhehe
magnetic di sk, .there.are ng case where.the t er nal

(ol B pBathEsines ohrBrss (e BT Rrbien e drnat
”Hgnﬁﬁbgdfkhﬂbﬁgs ﬁﬁ%oé baghy, 171 SQLase %%r%%%%fd%% soft
data and misread of read signal's can be prevented. 10

In tRggREesent jerbodi Meatcasdwebhy, i hilse rapeete’ alR rded
t hat ogtuse-angled portions are provided by beveling

the adge padt meesecad blie rAB3 efighhe ssehbih beagietietited.
film23, in the sane way as in FIG 4.

In the present embodiment as well, it is
preferable that obtuse~angled portions are provided by
beveling the edge portions on the ABS of the soft
magnetic film 23, in the same way as in FIG. 4.

(Third Embodiment)

FIG. 9 is a front view of the perpendicular
magnetic disk apparatus according to the third
embodiment viewed from the head trailing side.

The perpendicular double-layer media, the read
head, and the write head in this perpendicular
magnetic disk apparatus have the similar structures to
those shown in FIGS. 6 and 8. In the present
empbodiment, the soft magnetic films 24a and 24b
divided into two parts are provided so as to surround
the side faces and the top face of the read head. The
bottom surfaces of the soft magnetic films 24a and 24b
are arranged up to the vicinity of the magnetic disk.

Further, the apparatus is designed such that the
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(Third Enmbodinent) 15 FIG 9 is a front view of the

per pendi cul ar nmagnetic di sk apparatus according to

the third enbodinent viewed fromthe head trailing

si de. The perpendi cul ar doubl e-layer nedia, the read

head, and the wite head in this perpendicular 20

magneti ¢ di sk apparatus have the simlar structures to
those shown in FIGS. 6 and 8 IO tke present

enbodi nent, the soft magnetic filnms 24a and 24b

divided into two parts are provided so as to surround .
the dideahaees mndwthe thp bafe abghheireddlhsaddaThed 24b
25 bottom surfaces of the soft magnetic filns 24a and

24b aadether ahgeddaplioanbeldi éhnkhy okathbemdgist mgde

di sk. Further, the apparatus is_designed such that ,

t he g0edtstahbansthet déehanre RobetiagrRethe Frffsmpgaetic
and 24b and the shields 11 and 13 in the ,read head is
TmdeL4RaaCaR Fhin2¢he8rsEARCEH ChBRARER iEnangsFLaYeE 2
magnet i filnms 24a and, 24b_and. the soft magnetic
undeFPaggﬁ 2agnp 1Fh§lﬁ§gneFPc98%§kWaVn £RF Wéﬁ? &D&n SOt
Mhenmggﬁeﬁgétfiﬁﬁgnﬁ EcaﬁplE§b2é§vgagdzégtgl%Mgegak%%oare
two parts are provided, the external field can be

prevepbedqbrom nentiudi-ngai Rt @15he head beadenaBd thim
m serase of 'recorded data and mi sread of read signals

can bgt+Q0dpheventedtnhEl GeadOnshaywsaadmduki @dserase of
enbodi nent for FIG 9.
recorded data and misread of read signals can be
prevented.

FIG. 10 shows a modified embodiment for FIG. 9.
In the embodiment of FIG. 10, the soft magnetic films
25a and 25b divided into two parts are formed, and
these soft magnetic films 25a and 25b have shapes,
heights and areas different from each other. 1In this
case, the soft magnetic film 25a with a larger area is
formed in a region where an external field easily
intrudes. In this case as well, the same effect as
that of FIG. 9 can be obtained.

Also in the present embodiment, it is preferable
that obtuse-angled portions are provided by beveling
the edge portions on the ABS of the soft magnetic
films, in the same way as in FIG. 4.

(Fourth Embodiment)

FIG. 11 is a front view of the perpendicular
magnetic disk apparatus according to the fourth

embodiment viewed from the head trailing side.
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In the enbodi mrent of FIG 10, the soft magnetic filns
25a and 25b divided into two parts are forned, and
these soft magnetic filns 2Sa and 25b have shapes, is
hei ghts and areas different fromeach other. In this
case, the soft magnetic film2Sa wth a larger area is
formed in a region where an external field easily
intrudes. In this case as well 11t he same effect as
that of FIG 9 can be obtained. 20 Also in the present
enbodi nent, it is preferable that obtuse-angled
portions ane peepeted iy akevehing - 1ke red@iiRgr tihensead
on the ABS of the soft magnetic filns, in the sane
way heaflpn EhG the @Eduet heEdbaddi i) p2SpEhGichlairs a
front view of the perpendicular magnetic disk
appahagnstaccdidkngprperetast baveh thensadiident stirawsdres to
fromthe head trailing side. The perpendi cul ar
doubFBOFgy&honBditE, FERE -r dad©o ReadInaféet PEewente head
in thiﬁPBergendic | ar magnetic di_ sk apparatus  hav

aft

t he ST Bty ukf'Gr €8P 6 apﬁgs§°§ﬁoWﬁggﬁt¢FG§?l@ 2@ is
3. Ip_t t .5 enbodi th -sh d t

ragnie FRERT PR 88 18 SPBPRuiEoshas RooearEauna hers: deP
faces,apdokhenbopeafiangatl ! hger 834 gady, Fag otiom,
surfaces of the soft magnetic film are arrangéed up

to tBervi fhBhb¥icokitReowagnet Lerdhgky G kheknet R8cinity

apparatus i S 10 designed such that the distance s

bet weenthbemsghttic disk. Further, the apparatus is
designed such that the distance s between the soft
magnetic film 26 and the shields 11 and 13 in the read
head is made greater than the distance p between the
soft magnetic film 26 and the soft magnetic underlayer
2 in the magnetic disk. In the present embodiment as
well, the external field can be prevented from
intruding into the read head, and thus miserase of
recorded data and misread of read signals can be
prevented. Further, because the soft magnetic film 26
is cap-shaped, magnetic fluxes can be prevented from
being concentrated.

Also in the present embodiment, it is preferable
that obtuse-angled portions are provided by beveling
the edge portions on the ABS of the soft magnetic film
26, in the same way as in FIG. 4.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to



magnetic film 26 and the shields 11 and 13 in the read
head is made greater than the di stance 2 between the
soft magnetic film26 and the soft magnetic underl ayer
2 in the magnetic disk. In the present enbodi nent as

15 well, the external field can be prevented from
intruding into the read head, and thus m serase of
recorded data and m sread of réad signals can be
prevented. Further, because the soft magnetic film 26

i s cap-shaped, magnetic fluxes can be prevented from

20 behsagspendentr abedilAl aadi Rephespheaeitreeambdidiarints
it is preferable that obtuse-angled portions are

pr ovedednbgntedebicngbethbeedde . poRticoms iog liyhe VABS coifs
the soft magnetic film 26, in the same way as in FIG
4. 2BoddficpbhansameinPagBsdanyifbaeiti dariesitgd ngi Ifrom the
readily occur to those skilled in_the art. Therefore;

t he PRYEAEI BA PﬁOPFs°5r658e965§5é&ténW§nﬁéWelFﬁpFé@ttés

12 the_specgific details and representative, enbodinents
ShowHe S HeR: FhEq RBRBRRY RCBGTS: AQRy thodE Gosvalents.
nodi fications may be made w t hout departing fromthe
spirit or scope of the general inventive concept as 5
defined by the appended cl ains and their equival ents.
- 13 WHAT IS CLAIMED I'S: 1. A perpendi cul ar nmagnetic
head conpri sing:
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a wite head including a main pole, a return yoke,
and a recording coil; 5 a read head i ncluding a
magnetoresi stive film and a pair of shields arranged
so as to sandwi ch the nagnetoresistive film and a
soft magnetic filmarranged so as to surround side
faces and a top face of the read head. 10 2. The

per pendi cul ar magneti c head-acdgrding to claiml,
wherein the soft magnetic filmis divided into a
plurality of parts. 3. The perpendi cul ar magnetic head
according to claim 2 whkeres CLAEMPRr1s: of the

di vi ded soft 15 nmagnetic fil mhave areas different
from one anot AeperpéndAcpéppendioaelitac hmegaetionpdiskng:
apparatus conprising: a perpendicul ar magneti c head
conpri si n§: waikei headhéaglivddhgdingaanniicdepoke refurn
return yoke, and a 20 recording coil; a read head

i ncl ¥akRg andnBghBEBEESNEt FPéLfilm and a pair of

shi el ds arranged, sa as ho sandwi ch th , , ,

Tagnet or o8i SERGePRA PEHARYs Bt FAGRGEEERE IELETE £1lm,
d g d_si 1

o TR8a0a58ats LP SHILIHOOaRLdRaeho8ER a8 oo bR B ene

SUbSﬁé%ﬁéto?QQi§t§QEFfiﬂH?nSBHC under [ ayer and a

per pendi cul ar recordi ng ayer forned on the
substrates 34ft magnetic film arranged so as to surround

side faces and a top face of the read head.

2. The perpendicular magnetic head according to
claim 1, wherein the soft magnetic film is divided
into a plurality of parts.

3. The perpendicular magnetic head according to
claim 2, wherein the parts of the divided soft
magnetic film have areas different from one another.

4, A perpendicular magnetic disk apparatus
comprising:

a perpendicular magnetic head comprising: a write
head including a main pole, a return yoke, and a
recording coil; a read head including a
magnetoresistive film, and a pair of shields arranged
so as to sandwich the magnetoresistive film; and a
soft magnetic film arranged so as to surround side
faces and a top face of the read head; and

a magnetic disk including a substrate, and a soft
magnetic underlayer and a perpendicular recording

layer formed on the substrate.
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5. The apparatus according to claim4, wherein a
di stance s between the soft nmagnetic filmand the
shields included in the read head is greater than a
di stance p between the soft magnetic filmand the soft
5 magnetic underlayer in the nmagnetic disk. 6. The
apparatus according to claim5, wherein a ratio s/p
bet ween the di stance s and t-he 1di st-ance p satisfies
the followng relationship: 1 <s/p < 50. 7. The
apparatus according to claim4, wherein 10 portions
of the sofst, magueetaipe afradtms acicag dimey reagrdtdicn 4i skherein a
are beveled. 8. The apparatus according to claim4,
wher diiatanhe sobetwegnethe wiolfin magdieriidediilm @ng@l the
plurality of parts. 15 9. The apgaratus according to
h

cl ai Ah8elgfeiacAudere ipaiths srachaecgidvilde@rssfier than a

nagnetl c filmhave areas. different from one anot he
distance p between the soft magnetic film and the soft

magnetic underlayer in the magnetic disk.

6. The apparatus according to claim 5, wherein a
ratio s/p between the distance s and the distance p
satisfies the following relationship: 1 < s/p = 50.

7. The apparatus according to claim 4, wherein
portions of the soft magnetic film facing the magnetic
disk are beveled.

8. The apparatus according to claim 4, wherein
the soft magnetic film is divided into a plurality of
parts.

9. The apparatus according to claim 8, wherein
the parts of the divided soft magnetic film have areas

different from one another.



