~; e3e4L8P6T|~ DI SK DRI VE AND MAGNETI C HEAD FOR PERPENDI CULAR MAGNETI C
RECORDI NG BACKGROUND OF THE | NVENTI ON 5 The present invention generally

relates to a disk drive using a perpendicul ar magnetic recoQMWMHmmﬂmmmmm
“and, nore particularly, to a magnetic head using the perpen tic
recording nethod. In recent years, a perpendicul ar nmagnetic 10 reegsdi ng
met hod has received a great deal of attertion in the field of hard disk

ecording method' i s appl i ed uses & Single pol o type head as a MNCHNAENN
and a doubl e-layered 15 perpendireukaprr eger diganmredium as a di sk gggi,um A

doubl e- | ayered perpendi cul ar recording nediumis a disk nedi um having a
soft magneti ¢ DRYKrDRIVIEANDEMAGRNT 8C SHEEDr ROR BRHPENDECULARNYG magnetic

| ayer near the surface. 20 In perpendicul ar nagnetic recording, a vertical
magneti c fi el AMBENERT BC cRECORDINGe recording pole of a single pole type head
is alnmost wholly applied to the recording |ayer of a disk nedium By this
vertical magnetic field, a B AHG@HNUNBERITRE fINVNENBLQMEnerated in the
recording layer forns a magnetic path through the soft magnetic layer. In
such a d%rpendiculaThﬁaﬁﬁéﬁﬁétré@B?Ethn gengragpyhg@lathé teghetilekdomai n
of the recording, pole portion of the single pole type head becones unstable
ina non-recor@?hged%% BYi drPefPeRJeAu A2 E BRI RESCdREFORAREL NeERPEN

conponent is present, the 5 magnetic fjeld generated fragmthe recording
pol e portion i3 %ppheEs ?%th%gﬁ?ELyneh?uﬁ1HﬁgpegﬁFsh?@ sHﬁ}ngnFB?nation

that is alrea ically recorded_on the disk ium may be erased or
changed. A ph %ﬁ%%%%iﬁggagc %%??y1%e5ﬁ08ﬁafpgn@8tgﬁgmhich 10 after a

R L ook L
type heggl due tocéesidyahePBINChLZaLELBived a great deal of
attention in the field of hard disk drives.
Generally, a disk drive to which the perpendicular
magnetic recording method is applied uses a single
pole type head as a write head and a double-layered
15 perpendicular recording medium as a disk medium.
A double-layered perpendicular recording medium is
a disk medium having a soft magnetic layer formed
between a substrate and a recording magnetic layer
near the surface.
20 In perpendicular magnetic recording, a vertical
magnhetic field generated from the recording pole of
a single pole type head is almost wholly applied to
the recording layer of a disk medium. By this
vertical magnetic field, a vertical magnetic flux
25 generated in the recording layer forms a magnetic path

through the soft magnetic layer.

In such a perpendicular magnetic recording



*In addition, when the data track width on the 15 disk nediumis decreased
to increase the recording density, the distal end of the recording pole
portion of the wite head nmust have a needle-1ike shape. Wth such a
“recording pole portion structure, there is a high probability that the

resi dual . magneti zati on 20 conponent toward the di sk nmedi um remai ns hi gher
then than non-needl e-1i ke structures i+ the on-recordi ng operation.
Prior-art techniques have been proposed to suppress noi se generated in the
non-recordi ng 25 operation due to the unstable magnetic domain of a wite
head used in andtBkdfriMe msynetacl apghtHdbRakneagaebreihgcerdieng met hod.

- 3 Inthe first prior-art technique, magnetic domain stability of a
recordi ng pol eppotibnnofstaasyiaglespbleatypet BehdabehawieBguaskublicl ayer ed
structure of a soft magnetic |ayer and hard magnetic film(e. g., Jpn. Pat.
5 Appl n. KOKCKLhPabhonateonrbang5e83965ionTheIfeeond prisanlart technique is
related to a wite head having a two-| ayered pole structure formed by
bondi ng soft nagaédiglfmbgsehavrtgodi Ebmpenenthasaptresiesticshee. g., U S.
Patent No. 5,132,859). 10 In the field of disk drives using the

| ongi t udP nal nBgERerECr EéBLdi AgnRBEREd, f50p| Ghal regostipgi pelart techni ques
for ensuring magnetic domain stability of a wite head in the non-recording
oper ation has BgéﬁlﬁPobﬁs@HPlTﬁésEOpF%Srdé§¥ BSLERhNi §0&s tBAS suppress the

f tabl e,si.tuati [ ich_inf ti i call
ecor ded on a HFERORbaHORPFEoERaBeliar CRAALCASPH TREPRBALALLE di ng

ion. Ho 1 th b Lqr - hni 20 eff [ f
onty di ok ar i vEECRERRY PhoChBngtelorRa: ugad: b FLASEA, RG RBERSACDUL not
onl y di sk dri ves & . e Peeordi 8%but
ingle pol ¢ {yhel ReagoHRe fessans ey BRRcERR o B c a1 25 11

a disk gjive UskagrtBerkonghiugi Bal ERGNEL & LegpLdhagqrethadoraed, no, of

thin-filmshaped i nductive head is used as wite a I'f su

wite head hasifBgpghtEodoNBNPorASE AR keb¥rdaai 86 ihel 8¢aHEH R ykhe sdi sk
medi um at an instant when the magnetic domain varies. However, the residual

magneti zati on epapedeby &t $¢klddleakagehérunstabliagldenponet icgpdoneiad i s
small. For this reason, a magnetic flux generated by residual nagnetization
normal |y flowsdue bal yeshdugdpmbghwténathentwo thin filmpoles of the wite
head. Hence, there is only a small probability that a strong magnetic flux
will flowto 10 theldi gldisdionm shehatbeaddter &vesk adotdedn rfher mat i on.
15 disk medium is decreased to increase the recording
density, the distal end of the recording pole portion
of the write head must have a needle-like shape. With
such a recording pole portion structure, there is
a high probability that the residual magnetization
20 component toward the disk medium remains higher then
than non-needle-like structures in the non-recording
operation.
Prior-art techniques have been proposed to
suppress noise generated in the non-recording
25 operation due to the unstable magnetic domain of

a write head used in a disk drive using a longitudinal

magnetic recording method.



*On the contrary, in the disk drive using the perpendi cul ar nmagnetic
recording nmethod, if even a small residual magnetization conponent is
generated 15 due to the instable magnetic dormain of the wite head, a
“strong magnetic flux flows to the disk nedium This strong flux flow since
a magneti c coupling occurs between the recordi ng pole having the residual
magneti zati on conponent and the soft magreeti< filmof 20 the two-I|ayered
di sk nmedium and thus a strong vertical nmagnetic field acts on the
recording layer of the disk nmedium Hence, the residual magnetization
component readily eraseRerecosdegriotonpat teBhanghbe Gbgke®Bdi Wdmain
Especially, in the disk drive using the 25 perpendi cul ar nmagnetic recordi ng
nmet hod, if notsteibylitsseroflat areecondiled poléhpodt s&nnedi enshuedalisanger vo
data for which rewite operation is inhibited is - 5 erased, the drive
systemitsel f amyrbee flaead | yadanpgadnul hi ddderednstirnctheedbskadsofe usi ng
the | ongi tudinal nagnetic recording, the wite head 5 executes nmagnetic
recordi ng at tRIRREDLE dlaveyaphporardnnagoetini §itwaseng.thdphar et .t he
vol une of the recordin ol e portion becones, the higher the nmagnetic
recordi my ef fidpPRhey %&%&%%sPub%l@ﬁﬁl@@nN@ar§783ﬁ65he dfsr dereedusing the
10 perpendi cul ar, magnetic recordinﬂ%nethod, a recording magnetic flux is

gener at ed bet WeeTPT 2L SurFavRidret ?%%BF@?nBOpBIEFlﬁ%iEﬁ39p56§é§gthe di sk
di dth ft i il f the disk dj ce, t

Pﬁelrglofging %e @?T%?ygﬁgégﬁ%géo$£?H%£&§eotéB@gﬁgbgﬂb?gggggfSP%EInggfzsng
| t b ) i I Qf - h t t hat

P esume t he | Gy Tagt s (g dBebind 80e ERR Ry ha bR aE T e T B he i sk

drive using the perpepdicuyar 20, 8Bgpehic recording nethod, the magnetic
domain stabilizing effect is snmall. It is therefore difficult to :

effectiMel y suppressnt fger estdyabrmggBRt H£akbanueQrBORGRL . Especially, in
the recording pole structure of the second prior-art technique, the 25

t hi ckness of twengdDttdimgnenagnétiosrebovligngentorbaasadptiarkMEgverst he
magneti c domain stabilizing effect. However, this is undesirable for a
wite head -pHior-art techniques .for ensuring magnetic domain
stability of a write head in the non-recording
operation has been proposed. These prior-art
15 techniques can suppress the occurrence of unstable
situations in which information magnetically recorded
on a disk medium is erased or changed in the
non-recording operation.
However, all the above prior-art techniques are
20 effective for only disk drives using the longitudinal
magnetic recording method but not for disk drives
using the perpendicular magnetic recording method with
a single pole type head. The reasons will be
described below in detail.
25 In a disk drive using the longitudinal magnetic
recording method, a ring- or thin-film-shaped

inductive head is used as a write head. If such



-usi ng the perpendi cul ar magnetic recordi ng nethod because it extends the
recordi ng pole portion. BRI EF SUMVARY OF THE | NVENTION I n accordance with
one enbodi nent of the present 5 invention, there is provided a disk drive
“using a magnetic head which inplenments stable recording operation in a

per pendi cul ar magnetic recordi ng nmethod. The disk drive conprises: 10 a

per pendi cul ar magnetic recordi ng nmedi W 4and- a magnetic head using a

per pendi cul ar magnetic recordi ng nmethod and having a recordi ng pole portion
whi ch generates a recording magnetic flux in a vertical direction of the

per pendi cul ar AragReté chddd resorahyge Fedi asnand LAswabehi ayhandigaonstic
material to steadily apply a static field to a soft magnetic filmof the

recordi ng pol er@posdédnon ntiee dilt ekthodieh &tasgk whethntswhaddedheBRI EF

- DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG 20 The acconpanyi ng
dr awi ngs, whi chagmetiacdopaiat earias andicwestrt utkearpaitiual t he
specification, illustrate presently preferred enbodi nents of the invention,
and toget her vihadnehezgehern atoneseenpt i bheyf véneabovehandnshebdet ai | ed
description of the 25 preferred enbodi nents given bel ow, serve to explain
the printipl eshdIneHEC| GoBAiRohS $NEEL - 1AFaRdthBs sheasohews BREGBEHAGC he
structure =~ of a recording pole portion included in a nmagnetic head
according to thETHi 9eReEabRdi REntedtdipt BreRehizphient NORRAtLE 2 is a

viow for exol akning IBanchic, 8o LosergLIg cpeLaLl e oy petped gl
Show perSpect 8 MG PR LMo SHELC R8T 8 dhsh &y yel o (e

probability that a strong magnetic flux will flow to

10 the disk medium surface and erases recorded
information.

On the contrary, in the disk drive using the

perpendicular magnetic recording method, if even
a small residual magnetization component is generated

15 due to the instable magnetic domain of the write head,
a strong magnetic flux flows to the disk medium.
This strong flux flow since a magnetic coupling occurs
between the recording pole having the residual
magnetization component and the soft magnetic film of

20 the two-layered disk medium, and thus a strong
vertical magnetic field acts on the recording layer of
the disk medium. Hence, the residual magnetization
component readily erases recorded information on the
disk medium. Especially, in the disk drive using the

25 perpendicular magnetic recording method, if not only
user data recorded on the disk medium but alsoc servo

data for which rewrite operation is inhibited is



10 enbodinent; FIG 4 is a graph show ng neasurenent exanples of head
positioning operation so as to explain the effect of the first enbodi nent;
FIG 5 is a graph showi ng a nmeasurenent exanple 15 related to the thickness
“of a non-magnetic |layer so as to explain the effect of the first
enbodinent; FIG 6 is a view showing the structure of a recording pole
portion according to the second enbodidrerg; 20 FIG 7 is a graph show ng
measurenent results corresponding to the presence/ absence of a recess
related to the effect of the second enbodinent; FIGS. 8 and 9 are graphs

showi ng measur&regta) eswbt 8reoLr 859004 ﬂg_swfcmaggsg FRLheggss anmount 25
related to the effect of the second enbodi nent; | GS. 10A and 10B show

vi ews show ng ddmagéducture of a recording pole portion according to _ g
_the third enbodinent; FIG 11 is a view showing the structure of a
recordi ng pol e portinnaddtotdhpgihothbedteur thieabodimnthed FIG 12 is a
viewrelated to a nodification to
longitudinal magnetic recording, the write head
5 executes magnetic recording at the recording gap
portion. For this reason, the larger the volume of
the recording pole portion becomes, the higher
the magnetic recording efficiency becomes.
On the contrary, in the disk drive using the
10 perpendicular magnetic recording method, a recording
magnetic flux is generated between the surface of
the recording pole, which opposes the disk medium, and
the soft magnetic film of the disk medium. Hence, to
increase the recording density, the area of the
15 opposing surface of the recording pole must be
decreased.

In short, when the prior-art head structures that
presume the longitudinal magnetic recording method are
applied to the disk drive using the perpendicular

20 magnetic recording method, the magnetic domain
stabilizing effect is small. It is therefore
difficult to effectively suppress the residual
magnetization component. Especially, in the recording
pole structure of the second prior-art technique, the

25 thickness of two soft magnetic films should be

increased to improve the magnetic domain stabilizing

effect. However, this is undesirable for a write head



-the fourth enbodinent; FIG 13 is a graph show ng neasurenent exanpl es of
head positioning operation so as to explain the effect of the fourth
enbodiment; 10 FIG 14 is a view showing the structure of a recording pole
portion according to the fifth enbodi nent; FIGS. 15A and 15B show vi ews
showi ng the structure of a recording pole portion according to the 15 sixth
enbodi nent; and FIGS. 16 and 17 are tabl gs show ng sanple specifications so
as to explain the effects of the enbodi ments. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON 20 The enbodi ments of the present invention will be described

bel ow with refgsengecho ﬁ@?p@ﬁ&?@ﬁ@ﬂi‘iﬁgggé@%ngeg:&EHE.ﬁP Fabadyment) FIG
1A is a view showing the structure of 25 a recording pole portion included

in a magnetic beasuééoibeestoplly tréereedriongspalbepdrhepginafter) using a
per pendi cul ar magnetic recordi ng method according to - 9 afirst

enbodi ment of the inventi oBRIEFGSUEMARYaOVi 8WEf GNVEXEII@NNi ng t he magnetic
recordi ng operation of the perpendi cul ar magnetic recordi ng net hod
according to the fiEstaeabodaneat wiEhGSne3Ambod3Gearte offiethpeptricsent vi ews
showi ng the structure of a disk drive using the perpendicul ar magnetic
recordi ng et hbavelRebedi nghevet he previdedbadiiekt dri8er ustugeaof Di sk

Drive) As shown in FIG_ 3A,_ the disk drive using the
magnetic head which implements stable recording

operation in a perpendicular magnetic recording
method.
The disk drive comprises:
10 a perpendicular magnetic recording medium; and
a magnetic head using a perpendicular magnetic

recording method and having a recording pole portion
which generates a recording magnetic flux in a
vertical direction of the perpendicular magnetic

15 recording medium and in which a hard magnetic material
to steadily apply a static field to a soft magnetic
film of the recording pole portion in a direction of
track width is added.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

20 The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
given above and the detailed description of the

25 preferred embodiments given below, serve to explain
the principles of the invention.

FIGS. 1A and 1B show views showing the structure



10 per pendi cul ar magnetic recordi ng nmethod conprises, in a housing 1, a

di sk nedium 2, a head 3, an actuator nmain body (suspension and arm 4
having the head 3, a voice coil nmotor (VCM 5, and a circuit board 6. The
‘disk nedium 2 is attached to a spindle notor 15 7 and rotated. The head 3
is formed by integrating a wite head having a single pole structure
according to this enbodinent with a read head forned froma GWR (G ant
Magnet oResi stive) elenent. The VCM 5 serves as a notor that drives the
actuator. The circuit board 6 20 has a head anplifier IC which transmts a

read/wite sigpal at 9ebBeqhBgdp31eNBbe i BAl 18 3ROk nChr Gllighefqar d having a
drive control circuit is nDunFed on the [ ower surface of the housing 1. As

shown in FIG ReatihgcdbskingditemtBel $128tachwodiakared Penrepdaathar
recordi ng nmedi um havi ng a perpendi cul ar nmagnetic recording |ayer 20 and a

soft magnetic Layent2a&n;which are fornmed on a gl ass or - 10 al um num
substrate (not shown). The recording operation of the perpendicul ar
magneti c recordi ng FEGhod usi ag viileer ot exipdad ndfndgt mea ghiertsitc enbodi ment  and
di sk medium 2 of this enbodinent will be described 5 below with reference
to FIG 2. Therheagdadngshpematiaor cf 3Bresppriddeslarwmiagactdad 35 and a
read head 36 as shown in FIG 3C. According to this enbodinent, the wite
head 35 has a §FREFEL1pEl Beshpdcegrerding Wei taehdad s3s emodigentrecor di ng

pol e portion 31, a recordi.ng yoke , i '
FIGS. 3A"to 3C show perspective views showing the

structure of a disk drive using the perpendicular
magnetic recording method according to the first

10 embodiment;

FIG. 4 is a graph showing measurement examples of
head positioning operation so as to explain the effect
of the first embodiment;

FIG. 5 is a graph showing a measurement example

15 related to the thickness of a non-magnetic layer so as
to explain the effect of the first embodiment;

FIG. 6 is a view showing the structure of
a recording pole portion according to the second
embodiment;

20 FIG. 7 1is a graph showing measurement results
corresponding to the presence/absence of a recess
related to the effect of the second embodiment;

FIGS. 8 and 9 are graphs showing measurement
results corresponding to changes in recess amount

25 related to the effect of the second embodiment;

FIGS. 10A and 10B show views showing the

structure of a recording pole portion according to



‘portion 32 which concentrates a magnetic flux 300 to the recording pole
portion 31, an exciting coil 33 which supplies a recording current to
excite the magnetic flux 300, and a return yoke portion 34 that 15 fornms a
‘magnetic path including the soft nmagnetic |ayer 21. In the recording
operation, when a wite current flows to the exciting coil 33, a magnetic
flux generated by the current is concentrated at the 20 recordi ng pol e
portion 31 by the recording yoke portion 32. A |large recordi ng magnetic
field is generated between the recording pole portion 31 and the opposing

soft magnetic tRyefh2id BpbAigsehesording magnetic field, information is
magnetically 25 recorded on the recording |ayer 20 of the disk nedium2 in

the vertical directFoe. Theipagnetiee thuwid@Othbakthastenteed the soft -
11 magnetic layer 21 of the disk nmedium 2 passes through the return yoke
portion 34 of aheewwidinhepdl85Spdptionnuacekased megnaki €opath returning to
the recordi ng yoke portion 32. The head 3 according to this 5 enbodi nent
constitutes a evppdsierttype read/ wite head that conbines the above wite
head having the single pole structure and a read head having a shielded GWR
el ement s illustratéd-i h2FL6 a3giepSredetedetand PaddtfiieatdonRécor di ng
Pol e Portion 3;% 10 As shown in FIG 1A, the recording pole portion 31 of
this enbodi mentBPatoRr Myl erPagéredtst ructure especially at its distal end
portion (the portioP &haﬁ oggoses the surface of the disk nmedium2), in
which a soft magnetftCthiA £F1 i 912PRaFRRYIRY BRASHELERRE E5HEHLES and a

hard magnetic Piﬂ ;&In131 .having a high coercive force. of at |east 200 X
(1/4~) X 103 A§m AF 3 f%?ﬁ%ﬁl%l%%t ABEFaB4OBr 58 ABnERaGKBLALY %i}‘&r 310.

Par t t t I st i ; cmed f ft tic thi
f?[nfhgéfﬁg a %?g%&§a§trgﬁgoggg%tﬁgaﬂg¥ggﬁ?ﬁg;ngens{?STaA;Ooutg?ggﬁr}gce BP

hard megpetic film 3id i34l aheled;ag %HB%@Q& %%%askguEE e lA 2 and 3C to
assist in orienting the various views. The track width direction is shown

by arrow 10 ina H&eotdiagdpsEr 85pENAS. 5ec&>bsiw?dt;e tWe ghewm in 25 FIGS,
3B and 3C. The non-magnetic |layer 310 is made of a non-magnetic materi al
such as car bonemdidinéntpr 5i 02. - 12 The soft magnetic film 311 can be
made of a materi al

FIGS. 15A and 15B show views showing the
structure of a recording pole portion according to the
15 sixth embodiment; and
FIGS. 16 and 17 are tables showing sample
specifications so as to explain the effects of the
embodiments.
DETAILED DESCRIPTION OF THE INVENTION
20 The embodiments of the present invention will be
described below with reference to the accompanying
drawing.
(First Embodiment)
FIG. 1A is a view showing the structure of
25 a recording pole portion included in a magnetic head
(to be simply referred to as a head hereinafter) using

a perpendicular magnetic recording method according to



such as CoFeN or CoFe or a material such as CoFeN, NoFeN, FeTaZr, FeTaN,
or Copt. The hard magnetic thin 312 is nmade of a material such as CoCr. 5
An al ternates enbodi nent of FIG 1A, shown in FIG 1B, has a structure

“whi ch includes the hard magnetic thin film 312 and the soft nmagnetic file
311 but does not include the non-magnetic |ayer 310. In such enbodi nent, an
exchange-coupling field from 10 the hatrd gmaghetic film 312 acts on the soft
magnetic film 311. In a non-recording operation, this exchange-coupling
field acts as a trigger magnetic field that controls the residual

magnet i zati on goFpepentmpbdihentobt WREANehuentibm 31¥rgThe 15 di kegti on of
t he exchange-coupling field serving as a trigger magnetic field is the sane
as the magneti fati erpllatr¢hyoshef mbhaechacdravepaihg bpk®adidn( bie taisr ection
of the track width on the disk nmedium?2). That is, the hard magnetic film
312 is 20 nagneerpeddinulhe dagretionretothéntyr aekhwdbbcobk-dihbe to

i nformation recordi ng operation, a recording magnetic field much |arger

t han the exchah@e- Eédupfi agbodéndnis eXEGSed3BytbhdCerckt prygspecitisa. For
this reason, the magnetization of 25 the soft nmagnetic film 311 goes toward
the di sk®medi ukt®WEi showipgr peadréabature pheasdislcdrofet heidigskheedi um 2)
to generate a recording magnetic field - 13 corresponding to the

pol arity of thReFBEBRUrRg2ELPRENELER FRECAPASRINBALDAT AScesslénohéd above,
in the non-rec rdig 0 erg%ign, tge exchange-coupling field fromthe hard 5
magnetic film 319 gFE i MPRBIAPFECtion of track width, i.e., the same
direction as t zatign _direction of the film312. At this tine, a
static field ig%ﬂﬁgfg{r%dg%rg%nsghfgrf'yﬁgk wi dth end face of the hard
magnetic film 312. tEyC e Vi 1Q. n-magneti c | ayer 310,
the static field diégc%ggwgcég ggbfhggéo?gengé%gt?%lyﬁl%Fg%f §hfgcent to
the harmh magnepégpéhbit3izr i catheni AT 8SEhOR L pposite to
t he directione%f %xchange?coﬁgﬁ?%gpkig?g§9ﬁ%ﬁg @%E%??iggpkgigfﬁé 11
exchange- coupl angofisehd 15 andiskahbgifinebd sowphing, ahfegtthiecr

magneti zati on of the soft magnetic film 311 in reverse directions. In

addi tion, the haigebodipe(sospersobnt Badhard) mongvisgf the Béaqbegcones, and
the smaller the track wi dth becones, the stronger the function of the
static 20 field. vohce hcsistmatour ¢yCHheS5pagnet &zat ronidi beatios.of the soft
magnetic film 311 ma chan%e unst ably depending on its shape so that the
magnet i zati on di recthendiskamedgurhé direttaohedf texehapgeddeupbitog 25
field of_statig field coupling fromthe hard magnetic film 312. In
additi o a snhl 3¢ eptatedkagthet headedni i higrpedi Byainkaghetizgt i on
conponent of

a write head having a single pole structure according
to this embodiment with a read head formed from a GMR
(Giant MagnetoResistive) element. The VCM 5 serves as
a motor that drives the actuator. The circuit board 6
20 has a head amplifier IC which transmits a read/write
signal to the head 3. Note that a control circuit
board having a drive control circuit is mounted on the
lower surface of the housing 1.
As shown.in FIG. 2, the disk medium 2 is
25 a two-layered perpendicular recording medium having
a perpendicular magnetic recording layer 20 and a soft

magnetic layer 21, which are formed on a glass or



- 14 the soft magnetic film311) fromthe wite head, which remains after
the recording operation, may affect recorded information on the disk nedium
2 and erase the information. 5 In the first enbodi ment wherein the
‘non-magnetic layer 310 is inserted between the soft magnetic film 311 and
the hard magnetic film 312, the exchange-coupling field that acts between
the filnms 311 and 312 is suppressed. +n opher words, any 10 conpl ex
magnetic field function by exchange-coupling and static field coupling from
the hard magnetic film 312 is avoided. Accordingly, only the static field
coupling fromdhenimaekswbsithaend faceshswapp! i eeasedothigger magnetic
field fromthe hard 15 nagnetic film312 to the soft nagnetic film 311
Hence, the nmaghedizieldwnodftidepspbénangneitr cndghar3dlrksoraadyl y directed
to a predetermned direction, i.e., the track wdth direction (an arrow 10
in FIG | A amketlsodtading zede 20iThahedd, of nthbefstsucempedomehbe
recordi ng pole portion 31 according to the first enbodi nent, in the
non-recor di ng apdrdtslomediniy 2 hef nelghet émbddihent untll obebygesheibedtic
field coupling fromthe hard magnetic film 312 acts on the soft magnetic
film31® 25 g‘%ﬁ]t% wiish girferer@et Fealffen donmponent of the soft magnetic
film 311 can stably be controlled. Hence,__any_adverse effect that erases
recorded informatioft® Dead 3¢ gRAPvRelni EkGredBuRPPPrailactoat WE1tesi dual

magneti zati on .conponent of the soft magnetic film 311 _can be suppressed.
FIGS. 4 and SIEH%€/£§a§ﬁ$e$eﬁ?a XBEPRed0t A%t SBOVRpIRsERF-t AE-ef fect of this

first enbodi . FIlG 4 sh th f f this first di t,
reasur enent 1 ARG poi T D SR RPEBE b bR s FRER el Rod bt RO g

ti it t t fok ; Lng/ ducti 10
(50, 000 times)t T HEeFe B S S IUERE, DOrhaRE e BRERL25r RE bn the a1 sk
Todi Umid |1 adyanseosanieatbhy ddee(6ads Al FeotheRabyogxeCUt ng head

positioning control (actual drive control of the actuat In the read

operation of realiwn the weive tohesRetiods d5nagneecer ding 9perabi on by
the wite head 35 is executed. Hence, even when the head 3 passes on a

servo sector wiies ecdderditypdd opoation 35, recosdedtih§ecservasi nformation
is not affected. However, as described above, when an unstable residual 20
magnet i zat i on Wohgonsupp Y eemi asretotrdiengi staterndto excite the
magnetic flux 300, and a return yoke portion 34 that
15 forms a magnetic path including the soft magnetic
layer 21.
In the recording operation, when a write current
flows to the exciting coil 33, a magnetic flux
generated by the current is concentrated at the
20 recording pole portion 31 by the recording yoke
portion 32. A large recording magnetic field is
generated between the recording pole portion 31 and
the opposing soft magnetic layer 21. By this
recording magnetic field, information is magnetically
25 recorded on the recording layer 20 of the disk medium

2 in the vertical direction.

The magnetic flux 300 that has entered the soft



portion of the recording pole portion 31 of the wite head, the servo
information recorded in the servo sector is erased or changed with a high
probability when the head 3 passes on the servo sector. The 25 probability
_of this phenomenon increases as the size of the distal end portion of the
recordi ng pole portion 31 decreases, as is confirned by the - 16
experinental results. FIG 4 shows a conpari son between a neasurenent
result (B) for the disk drive using the head 3 having the recordi ng pole
portion 31 according to the first 5 enbodi nent and a neasurenent result (A)
for a disk dringghstng Bapeadowhgsetnecaidiknge@9hR POpLERBsh@8BAGh

non- magnetic |ayer 310. e specifications of the recording pole portions
correspondi ng tivet hetueasysesepbrtestl 88 AfanHe By20+eoneggpgnd+ho sanpl es
dl, el, and f1 of sanmples shown in FIG 16. In the recording pole portion
31 correspondi figrioatbkosedsuagnenicrpatht réBhrnihe tentregretbediaygyer 310
havi ng a thickness of 10 nmis inserted between the soft nmagnetic film 311
and the 15 hardokagperitofi B2n 312heAsend Appacentifhgobvt heiseasur enent
result (B) shown in FIG 4, when the recording pole portion 31 according to
the first enbotipedingherepnsthbeuhen- AngaepPPeitaybyr8l10end/wsétie t he head
20 positioning error anounts are smaller in all sanples than those of the
measur ement re3%RE ER§t Femlabaesi Bhe ehevAedsiEenkaedr B3ULRI( BRei ndi cat es

stability with resgect %o t he nunber of tinmes of recording/reproduction.
When the servo®5TgnalP2 eaﬁgFF?EHEea?Pgralé?ééoh?@éoPthﬁﬁreproduction
tests was inspec [ ,€ ) | e.usin he,_recordi ng | e_portion having
no non-nagneti% %gﬁ%ig%qoéﬁgnegﬁﬁ??Fuaa gliuigragg iéPi8E80f3§20 per

o hon, O S Serdh el aedhuhia, pBRCLY CecIPaL NG 68ILT BEYLILR ST Sarml e

using the recording po ortion accordrn rrs irment, an

anpl i tupe vari ati onggf 5B % | esg StRer 4t 1,0 i.sK medi um
was observed. FIG 5 sﬁoag¥ ?gr?&g.gig tﬁggsgﬁgﬁghg%y ?ﬁgghgggtpgéitioning

error amounts 31 6fskhdsi ¥eSobimbntSRabeadsul fi VA EReliNgLRPARRGNEL I C
| ayers 310 of the recording pole portions 31 have various thicknesses. 10
As is apparentefperi&ly at postdsstbleend portion (the portion that
opposes the surface of the disk medium 2), in which
a soft magnetic thin film 311 having a low coercive
15 force and a hard magnetic thin film 312 having a high
coercive force df at least 200 X (1/4x) X 103 A/m
are formed on both sides of a non-magnetic layer 310.
Parts except the distal end portion may be formed from
a soft magnetic thin film having a high saturation
20 magnetic flux density. An outer surface of hard
magnetic film 312 is labeled as surface 312a in
FIGS. 1A, 2 and 3C to assist in orienting the various
views. The track width direction is shown by arrow 10
in FIG. 1A and corresponds to the width “w” shown in
25 FIGS. 3B and 3C.
The non-magnetic layer 310 is made of a

non-magnetic material such as carbon, Cu, Ti, or Si0s.



positioning operation is obtained when the non-magnetic layer 310 is 3 to
20 nmthick. The reason for this is believed to be because if the

non- magnetic layer 310 is too thick, the static 15 magnetic coupling force
‘between the hard magnetic film 312 and the soft magnetic film 311 weakens
to deteriorate the initial effect. In addition, it is believed that the
effect of the exchange-coupling force-betyyween the hard magnetic film 312
and the soft 20 nmagnetic film 311 increases in a region where the thickness
of the non-magnetic layer 310 is 2 nmor less. As is apparent fromthe

above nmeasurengpt g88Hl Lsgnvbhen thepperpepdhcula gpet L,c rdikng 25
head 3 having the recordi%g pol e po?tion g% aggoﬁggggg?obtﬁﬁgggﬁg%t

embodi nent is gseH, akheorartabk! tbyedye hombherhasi duah HBIESH.Zati on
conponent in the - 18 non-recording operation can be suppressed even

when the recorkbReNppl Beparij oReBiNhasracbrack whdt Ragl Radnewmcor |ess and
a filmthickness of 0.2 ~ mor less at its distal end portion. Hence, a
reliable disk Bhini 382ussngatibeoperpmadectbar soagnesti Cocecor di ng net hod can
be provided. (Second Enbodinent) FIG 6 is a view show ng the structure of
a record?ng pol e pohni ehtegnetes embodihead afcdi@i.ngAl0 showrhensecond
enbodi ment. The_recordi ng pole portion 60 of this enbodinment is different
fromthe abovefHésctPbelast puettnetynewnhighFiacludesnthkabhare position of
a hard magnetic film312 is recessed fromthe opposing surface of a disk
medi um 2. 15 FIEINGTLRohR1NT 6i lPneéldpabrs Fhat FoAs BRIRRELISampile Bllshown in
result 71 for_a sanple in_which the

FIG 16 describeﬂ bove measur.e t ,

position of theYha aeﬁaﬁﬂgt?eciPﬁﬁrgE? PENTBREREEL ST LaMPEne 18i- sk TRedi um by
0.1, d 2 It 70 f pl e _hayi . T
obtal i the mealironenoithetl. 88 phaPdraPacPuR T Rua 3R a 2h88 o track of
t he di di i h i L i I, litud
of Cthe Foproductt ontbir aghpEEe ERin 18! JEERTLE EHANGB A pELART AP T tude

continuously passhng1@. head 3 fAontbecbrackgBpbeatRLAL 2kRliRg a
non-recording state. The disk drive to be neasured uses a conbi nati on of

- 19 two di skexelbngeacduskifn§) rnB0geanysl gat boarfhgkd hAghBeikower right
guadrant in an MH | oop representing the magnetic characteristic of the
per pendi cul ar fraghét that econtroys! ajer rekidudiskagrditiipniasna size -
component of the soft magnetic film 311. The
15 direction of the exchange-coupling field serving as
a trigger magnetic field is the same as the
magnetization direction of the hard magnetic film 312
(the direction of the track width on the disk
medium 2). That is, the hard magnetic film 312 is
20 magnetized in the direction of the track width.
In the information recording operation,
a recording magnetic field much larger than the
exchange-coupling field is excited by the exciting
coil 33. For this reason, the magnetization of
25 the soft magnetic film 311 goes toward the disk

medium 2 (i.e., perpendicular to the surface of the

disk medium 2) to generate a recording magnetic field



5 of 2000 X (1/4~) X 103 A/mand a disk (D) whose nucleation field has a
size of 0.5 X 1000 X (1/4~) X 103 AAm In each disk, the thickness of a
recordi ng magnetic layer 20 is 20 nm and the thickness of a soft nagnetic
layer 21 is 100 nm 10 FIG 7 shows neasurenent results for the disk drive
that uses the disk (D). As is apparent fromthe neasurenent result 71 of
the sanple with the recess, no tine-ratejdegradation in the reproduced
signal is observed. To the contrary, in the nmeasurenent result 15 70 of the
sanple with a recess anmount of 0, the reproduced signal attenuates over
time. As can beoestipBhatn§r o8 the pBagyieyent Eﬁé%ééozaiﬁﬁdcﬂrgh@’m n
FIG 7, when the recess anbunt is zero, since one side of the hard magnetic
film312 is 200expesedi searedhemdi sk nmedi um surface, a predetermined field
| eakage due to the uneven nmagnetization of the hard magnetic film 312 is
applied to the di skhsedesortibedegbatte,t hia mRgnabhzakicerdingor mati on.
However, since the hard nmagnetic film312 is nagnetized in the 25 direction
of the track wpehatidme, ftleédekehknge-toupheéndi skeddifyonsicde hardAaot al ways
strong. For this reason, in the disk nedium (C having a |arge - 20

nucl eation ficragnehic fibrd3leakage probhendisenaiidhyofr&ésenk. Actually,
in the disk driyve using the disk medium (C), no tinme-rate degradation is
observed in anptitlidel of- t hEhe eprBaUEdEESE§RBI 261 EhPt Bagnesd zhsadns

i ndependent |y of the.$resgnce/a£sence of the recess of the hard nmagnetic
film312 at t ETEFStEP et bRt htlfr PLE- hehl. tReastiBRent BEIGEES when the

t ps_changed will b [ bed wit f to FIGS. 8 10 and
0 FIC. B Shovk . hoRS VRNBREC PaSLEoRT bheatHREh HEFER BSRngSPReoR sk (O)

Thi s measur ene r t_1ndj es.a_c ge in ree_of _anpl itude

degradati on mhgﬁetﬁéyéé%% ség%%yﬁ f%fgﬁzé h;PdgﬁggﬁﬁFFEtF?Enh§Yin95 is
changed, o An i nps oyeBAL o RLEELT1 4 e9b§§g)’e‘éh£OEtgﬁﬁécﬁélg”Bﬂgc%ﬁ 0.02, um
or nore. The larger the"recess anobunt becones, el ess"degra &tidn in

si gnal anpl it uget & SoObers vesrnhint hecarpunt 391 Qagéggﬁkl eg_ ltEﬂéel_s of f at
about 0.04 ,um 20 FIG 9 shows a neasurenent resul or a disk drive using
the disk (C). Hidé mamseteoenilmnesupt i shebtppnedabyoAeasueichdohheshead
positioning error amount on a specific track on the disk mediumevery tine
recor di ng/ r epripgsictopposste epeatled dbrébeidh dbraekchBngevebupilong. In this
measurenent result, conversely, the smaller the recess becones, the nore
stabl e t he posfi¢bdi ngloperspe¢onfivhehyt heheeersbange-2dupatmyntieideeds
0.4 ~ m_the magnetization effect of the hard magnetic film 312 is not
observedb and 3@ peaticohiabdopernling bEfenbsthasnaphetiZhitgohsolfecause

the |l arger the recesg anount becones, _the 5 snmaller the field | eakage from
the hard magnet?e $9HmBANebLE Nt HRsR hednukrBeESAediEPERSAGE -t he nore

di fficul i ' I di I ' f f
mgnet i c. 111 m 311X AALONE: TRBS-FASE o uls OB bn Py 2ohSaved

i nd d | : 10 f - ic,| |1 0
Sanawi cho betSEBh Che SOt Faoneer et rl nfat1 ARG LG RAr SPRaGABERe 111 m

312. 10 ShoTL,uideh Do bhdST UER, ALELRALRY tRe! BlAcLUBAdLBRRh, Lhg fBCESS

amount of the hard nmagnetic 15 om t he opposi ng surface of the

di sk megh umisrpdf@ctive within the range of 0.02 ~cmto 0.4 ,um That is,
any field | eakage fromthe hard magnetic film 312 to the di sk nedium can be
suppressed. This effecthwassobsetued, espechabhytiinadieamdiraidarmidh a

di sk the soft magnetic film 311 may change unstably
depending on its shape so that the magnetization
direction is along the direction of exchange-coupling

25 field or static field coupling from the hard magnetic

film 312. 1In addition, a small field leakage

(the remaining residual magnetization component of



20 nediumwith a small nucleation field. (Third Enbodinment) FIG 10A is a
vi ew show ng the structure of a recording pole portion 100 of a wite head
according to a third enmbodinent. In the recording pole portion 25 100
‘according to this enbodinment, two hard nagnetic filns 312 are arranged on
both sides of a soft magnetic film 311 to be perpendicular to the direction

- 22 of track wdth (arrow 10) of a diskgnmedium 2. In other words, the '
recordi ng pole portion 100 has a nultilayered structure in which the hard
magnetic filnms 312 are arranged on both sides of the direction 5 of

thi ckness of tiige sobtt magpestccf el 3311 5ee¥bN0LRs AP LBt REARI ghe Layer.
Wth this structure, the magnetic domain stabilizing effect fromthe hard

magnetic filmBdiRates Hetéurther répsreangdopandtibe, Sphyy greaetic film 311
10 can be nore stably magnetized. In this case, the thickness of the soft

magnetic fil mBddordedeigformboitnOon BheudibkkAhtetinat 2vehyl, e@ssshown in
FIG 10B, a non-magnetic internediate | ayer may be inserted 15 between the
soft magnetic thé mBidrmadieach hard magnetic film312. Wth this
structure, the exchange-coupling field between the soft nmagnetic film 311
and each® hard nmagneincthel fi83R emhoBément whereandthhennmgnegnetdomai n of
the soft magnetic film 311 20 can be stabilized by the static field
coupl i ng ef f ect2Y¢¥odt? hl Enbosiehend) cefesen1the a0t empghetiag t he

structure of a_.recordjn ole portion 110 according to a fourth enbodi nent
of the inventi%hfml%Pih%n$eE%?d?ﬁﬁdp%?%nﬁﬁlﬁoﬁ%i%ngiao BB€ording to this

nbodi ment , t d tic fi 1 d th_sides of
Cof 1 magnet i ¢ PETMSHE GPORy . Phes HEHAcERoh B rrARkvecE 280 RRUFR (arrow
10) of a di sk gpdi wm 2. tic filmal2 is uniforn ti zed
I the directi o ol T rSEE oF oT R P aauahce W PR rretabr 6B e, S nce t e

exchanggy coupl &8 fe Of&§naRe SEELTG FRADEI D GOUBKERG,LOrEE Lionyt he har d

magnetic films 312 act in the same directions, the magnet 'R of t he
soft nagnetic dndnzeaniderfarshesust ahi! Fzed +KdbFhticatineyid0 FIG 12 is

a view showi ng the structure of a
film 312 is avoided. Accordingly, only the static
field coupling from the track width end face is
applied as a trigger magnetic field from the hard

15 magnetic film 312 to the soft magnetic film 311.
Hence, the magnetization of the soft magnetic film 311
is readily directed to a predetermined direction,
i.e., the track width direction (an arrow 10 in
FIG. 1A) and is stabilized.

20 That is, in the structure of the recording pole
portion 31 according to the first embodiment, in the
non-recording operation, only the magnetic field
function by the static field coupling from the hard
magnetic film 312 acts on the soft magnetic film 311,

25 so the residual magnetization component of the soft

magnetic film 311 can stably be controlled. Hence,

any adverse effect that erases recorded information



Tecording pole portion 120 according to a nodification to the fourth
enbodinent. In this nodification, the two hard magnetic filns 312 are
arranged on the upper (shown) or |ower (not shown) surface of the soft 15
‘magnetic film311 in the direction of track width. In this case, each hard
magnetic film 312 and the soft magnetic film 311 may joint only at their
end portions as shown in FIG 12. This stgucture can be obtai ned by

enpl oyi ng such 20 a manufacturing procedure that after the soft magnetic
film311l is forned and pl anari zed, the hard nmagnetic filnms 312 are forned.

Hence, the mangf@etils Ngi Pk OESPuEaP BEe "BYCLALNPLE; tive to the
structure shown in FIG ﬁl. 25 F?Gi 13 %homs neasugéﬁgé? results for a disk

drive which usesgme i skt 1B ebhybhang d80tAM EBEEkmégﬁétﬂégﬁﬂfncﬂ yer 21
when sanples a to h shown in - 24 FIG 17 are used as the recording pole

portion 110 ofcdrheoé osuipr €sdedi ment. These neasurenent results are
obt ai ned by neasuring the head positioning error anobunt on a specific track
on the disk nmedi umEVesy % snde5rshowdinagbuepmneductikamnpiliesr epaat ed on t he
track 10 revolutions. In these neasurenent results, the head positioning
error arunt WeRPHSsemt oth¢ esEfeandofiothhsr Easeti emeodbmeatrount
corresponding to the nunber of tinmes of recording was observed in all 10
sanpl es. The same ne&SurengheWsesabt Shasefésecti bédthbevéiass obt ai ned even
in the nodification shown in FIG 12. In this structure, the thickness of
the hard magnetieCdeR Bl n¢asgrament, regal Eneof chgsht 8Pnine e5rever | appi ng
portion between the soft magnetic, film311 and the hard magnetic film 312
is 0.05 ,um (%RQYWF%ﬁﬂﬂxﬁ?éQHQO?ﬁ%%oﬁﬁngs°8¢§?E%P%ﬁo“}EB fREP8EEuUCt ure of

o pocording pole, BoxLigne 20,00, Bt L head according 20 Lo che 11 f1F

enbodi ment . he T ecor di h tAfs enbodi nent,

mhodi ren " por e on-1 e .
Sur thoe of o diak Soui ity cepectth dPLfet “TEERE: oEBRE a8 05

Even with thi sceddMeddirén Sy disk dbsikagse iﬁOQEi\ter‘?cé"‘%sh?égd”Bg”e“ ¢
e struct

films 312 to the di sk nmedium can be suppressed, as Int re shown

in FIG 6 - @2k festided 39OVEnePSHR Qﬁééﬁfﬁﬂg%éﬁ@!?@s@tibﬂ?h&ate
change in reproduced signal anplitude was inspected while settingthe
t hi ckness of tdmntherd (mognedl cdfiven &dRttol Oo O5theimapda€bangi ngnt he recess

anpunt .

the read operation of reading the servo information,

15 no recording operation by the write head 35 is
executed. Hence, even when the head 3 passes on
a servo sector where the servo information is
recorded, the servo information is not affected.
However, as described above, when an unstable residual

20 magnetization component remains at the distal end
portion of the recording pole portion 31 of the write
head, the servo information recorded in the servo
sector is erased or changed with a high probability
when the head 3 passes on the servo sector. The

25 probability of this phenomenon increases as the size
of the distal end portion of the recording pole

portion 31 decreases, as is confirmed by the



5 As a result, any degradation in reproduced signal anplitude can be
suppressed when the recess anount is 0.02 ,umor nore. Wen the recess
anount is 0.3 ,umor less, the stability of positioning operation can also
'simul taneously be controlled, a result which is 10 expected and consi stent
with the results obtained in connection with the structure of FIG 6.

(Si xth Enbodinent) FIG 15A is a view-shggyi ng the structure of a recording
pol e portion 150 of a wite head according 15 to a sixth enbodi ment of the
invention. In the recording pole portion 150 according to this enbodi nent,
the direct joi&kpdpihéensbetyegncgach hard magnetic film 312 and a soft
magnetic film311l is limted to the distal end portion of the opposing 20
surface of the di skrpedi 4nshdeeaspesipbireabhybe@fesROWNmbAshkGnet3B, Whi ch
is atop plan view of FIG 15A, the direct joint portions, B, between the
two hard magnetésuit| nB) 3i@r atile t beskofitivagnetihg £hekmaid argashaster than
the I ong edge depth dinension, A 25 of the hard magnetic filnms 312 with
respect to thethieprécaidinyipnlé rportienoppostogrdungate thet Berdisk medi um
and are |[imted to the opposing surface portion - 26 side of the disk
medi um Wth t¢ikodinert ured 2 hHeeasigneneézht Fesupbsih) ofisrby thekhard
magnetic filns 312 are limted to the head distal end portion. Accordingly,
magneti ¢ donmi FF tORt oINS 2 thead ofRose nagaetdéngi el 8 1nohhibnghasnope
conpl ex magnetic domain structure cgn be i npl enmented. The above-descri bed
structure shoW*PHERStLS #%%?Fo?% magneti zation of the entire soft

ti fil 311. t hi | i d wh 10 the soft
T etic 111 mart i thel BhecfBRCar ionRr 7 Bl 2o PO R dR01 8 peRt spnar
FeTaZr. Howeve r.oho rial h. a ZrNb or Fe t hat
readily geneYaé%ééé?%§%%€$€rﬁ$ne ﬁgéﬁﬁéf%méﬁ Irﬁggfgﬁc ahd B conpl ex

”agnethg)“ﬁ||3cé@%@@ﬁéﬁ@lﬁ6"%§£bigfldf}ng t ?fk?m6ffsg %%%;?Lgﬁépe of

magnetic domain may occur. Especially,”as the three-dine

the recording ol BLEOr1éon hecores: sBofiLagPbeXe SUER; 8, PEoDI em is .
presented with greater probability. Using e of " the sanmple (h) shown in

FIG 17 as 20 eomnddpomging i to metiermedsutbresharashefi s8j ¢ ehet he structure
shown in FIG 12 was conpared with that of the structure shown in FIG 15A

This test preswmesnagnkisikc drayer U3l hichdhengi skt G knde®l btude mariati ons
for every 1,000 recording/reproduction cycles were 25 neasured. As a
resul t, in thelMRKkedeigiedre the use il enadweini ¢ nf F116. 312, ahfietstandar d

devi ation of anplitude variation was 4.8% In the head having the
15 hard magnetic film 312.

As is apparent from the measurement result (B)

shown in FIG. 4, when the recording pole portion 31
according to the first embodiment wherein
the non-magnetic layer 310 is used, the head

20 positioning error amounts are smaller in all samples
than those of the measurement result (A). 1In
addition, the measurement result (B) indicates
stability with respect to the number of times of
recording/reproduction. When the servo signal

25 amplitude after 10,000 recording/reproduction tests
was inspected for each sample using the recording pole

portion having no non-magnetic layer 310, an amplitude



= 27 structure shown in FIG 15A, the standard devi ation of anplitude
variation was 0.40. As described above, it is effective to adjust the joint
position between the hard magnetic film 312 and 5 the soft magnetic film
311 at the head distal end portion in accordance with the application
pur pose. Especially, in a disk drive using a disk nmedi um having a smal |
nucl eation field, the structure in whichtjhe_position of the hard nagnetic
film312 is recessed is 10 effective. Conversely, to ensure stable
recordi ng operation independently of the soft magnetic material of the
head, it is ef{getl] 0okl bk -Qk At Lt 1,GN t .har ghetic
film312 and th§9%%¥$oﬁaage?Fc F??n&%Y%lygq?hebgig?%lﬂggg.h%§l$ﬁe%§%gve
embodi ments pressaRvaddi skodeh¥ecysiparine ipecpendisaubae [aInEL ikgor ecor ding
met hod. However, they can also be applied not only to a drive using a disk
medi um but al spetordidyi peluspbgtaonmgnebiceckasandi-ag tredirymsef anot her
type such as a magnetic 20 tape. As has been descri bed above in detail,
accordi ng to eemhodimehe, abnvempihoddeentsiaidhskfdbonlg B3I BG aeEggnetic
head that inplenments stable recording operation in the perpendicul ar
magnet i cor ecorgéngresohsthod ofinthe piski dediufhatsi spbsaevendi ng to each of
t he above enbodi nents, the disk drive using the perpendi cul ar nmagnetic
recordi ng met hod ha¥§ICGas>Si shows, Z28r,cladact dhiesisiampfleatfin e tha megretic
head havi ng a recording pol e portion whose structure suppresses any
residual magnePPSatioRiv8npEREA ARAURKE h&nd#ééodéﬂﬁgsoﬁgaﬁtuéﬁ. Wth the
head havi ng.the recording pole portion with

di sk drive usin a t he net |

the static nag%g? g ﬁ%ugﬁ?ﬁg tE?uEPHF@?gPﬁ IentPYEREe36F Péakhge f1ux on
recorded i nfor i . he dj sk, medi can _be effectivel, ressed. For
this reasgn, tg%&%?gﬁﬁgng?ggtb?ﬁgl?gégséegaYﬁ VﬁFbPHﬁ;¥§ﬁ%§§§gg§52?ased or
change an be prevent ed. LLl.an d f ages_an dif,i cations w |
read?lsl%ccur tg th%geggkﬁéggggbg ?kgﬁaﬁﬁg'Tﬁérnggeg%F Sinvention inits

br oader aSpecgﬁoé§tﬂ@£ih§”BﬁQQaEQOthSSBBEE'hgddﬁhg£|%h@”d representative

enbodi ments 15 shown and”described herein. Accordingly, "various
nmodi fi cations mey-bggRadecW hhedt 3depast Bngof Q@”hhhgh;%?k[' t rfk scope of the
c

general inventive concept as defined by the appende ainms and their
equi val ents. rea28n for this is believed to be because if the
non-magnetic layer 310 is too thick, the static
15 magnetic coupling force between the hard magnetic film
312 and the soft magnetic film 311 weakens to
deteriorate the initial effect. 1In addition, it is
believed that the effect of the exchange-coupling
force between the hard magnetic film 312 and the soft
20 magnetic film 311 increases in a region where the
thickness of the non-magnetic layer 310 is 2 nm or
less.
As is apparent from the above measurement
results, when the perpendicular magnetic recording
25 head 3 having the recording pole portion 31 according

to this first embodiment is used, the instability due

to the residual magnetization component in the



WHAT IS CLAIMED I'S: 1. A disk drive for use with a perpendicul ar magnetic
recording medium conprising: (a) a nmagnetic head having a recording pole 5
portion; (b) said recording pole portion including: (1) a soft magnetic
film and (2) a hard magnetic film (c) said hard magnetic filmapplying a
static 10 magnetic field to said soft magnetic filmin a direction of a
track width of said perpendicular nagnethg recording medium and (d) said
recording pole portion generating a recording nagnetic flux in a direction
per pendi cul ar 15 to a surface of said surface of said perpendicular

magnetic recorﬁg@grg@gfggﬁg2%%g&g£§gnd%%yebgoguﬁéﬁﬁgg%gagvggrQﬁggicular

magneti c recordi ng nmedi um conpri si ng: a nmag avi ng a

recording pol etRd POESEQMHG(BI182bErEdidn(3) £3) %.51:??%:?1 v%QEEp”BQ”e“ c film

and said hard magnetic film™ (c) said hard magnetic m applyrng a static

magnetic filedot®d pal brsdfdsdmegietd cefik Miickness 3P 02 dukfd A a
track width of said perpendicul ar magnetic recordi ng nedium and (d), said

recordi ng pol eaipoits odigeakrahndngoatienor disgcapgaetetihbug bhsa direction
perpendi cular 5 to a surface of said surface of said perpendicul ar magnetic
recordi fg medidinive. uAingi Viee aueopendictbarl magnativheeeopdiheg

method can be provided.

(Second Embodiment)

FIG. 6 is a view showing the structure of
a recording pole portion 60 of a write head according

10 to the second embodiment. The recording pole
portion 60 of this embodiment is different from the
above-described structure shown in FIG. 1A in that the
position of a hard magnetic film 312 is recessed from
the opposing surface of a disk medium 2.

15 FIG. 7 shows, for the specifications of the
sample fl shown in FIG. 16 described above, a
measurement result 71 for a sample in which the
position of the hard magnetic film 312 is recessed
from the disk medium by 0.1 uzm and a measurement

20 result 70 for a sample having no recess.

To obtain the measurement results, signals are
recorded on a specific track of the disk medium 2 by
the write head. A time-rate change in signal
amplitude of the reproduction output from the read

25 head is inspected by continuously passing a head 3 on

the track while maintaining a non-recording state.

The disk drive to be measured uses a combination of



hard magnetic filmof the magnetic head is unifornly nmagnetized in a _
direction of said track wdth. 10 4. A drive according to claim2, wherein
in the magnetic head, the hard nagnetic filmis arranged at a position
‘recessed froman opposing surface of a disk mediumw th respect to the soft
magnetic film 5. A disk drive conprising: 15 a perpendi cul ar magnetic
recording medium and a magnetic head_opggable for recording in a .
per pendi cul ar magnetic recording nmanner and having a recording pole portion
whi ch generates a recording magnetic flux in a vertical direction of the 20

per pendi cul ar pRonel Lk £E695d RO4TELI vg) SALO.rgGaKdLpgoRoke par thon having
%Hﬁar EE}TB | ?

a nultilayered structure In whic gnetrc ne "are ar géa on bot h

sides in a thi@M@e§§w@£r@ggpenqﬁgd@aﬁefEnnggnﬁﬁigggglgbﬁgéggﬂﬂiﬁgna“

internedi ate | ayer. 25 6. dri've according to ¢ erein t he

magnetic head, th&ensgeot dbnghpphet PPt 08 hastReNBLibbAYEERU st ructure in
whi ch a non-nmagnetic | ayer - 31 and a hard magnetic filmare

sequential |y anagmgetconeeachisgdeayertbe di aeski aBaofimt hhskpegsaef the
soft magnetic filmserving as the internediate layer. 7. A disk drive
conprising: 5 af p2@pendi cill A tiaghel D@ Afmoarding aedkunp) and a nmagnetic
head operable for recording in a perpendicul ar magnetic recordi ng manner
and having a réee?di mgcpekeiporfiehdwhashahasza e6f0.Faghetd@o f ki m and
whi ch generate?1?4;%chdE%g g?%ﬁetgg ngé Egsk, the thickness of
a recording magnetic layer 20 is 20 nm, and the
thickness of a soft magnetic layer 21 is 100 nm.
10 FIG. 7 shows measurement results for the disk
drive that uses the disk (D). As is apparent from the
measurement result 71 of the sample with the recess,
no time-rate degradation in the reproduced signal is
observed. To the contrary, in the measurement result
15 70 of the sample with a recess amount of 0, the
reproduced signal attenuates over time.
As can be estimated from the measurement results
70 and 71 shown in FIG. 7, when the recess amount is
zero, since one side of the hard magnetic film 312 is
20 exposed near the disk medium surface, a predetermined
field leakage due to the uneven magnetization of the
hard magnetic film 312 is applied to the disk medium
to degrade the magnetization information. However,
since the hard magnetic film 312 is magnetized in the
25 direction of the track width, the field leakage to

the disk medium side is not always strong. For this

reason, in the disk medium (C) having a large



10 a vertical direction of the perpendicular magnetic recordi ng nedi um and
in which further includes a hard nmagnetic filmto steadily apply a static
field and exchange-coupling field having the sanme polarity to said soft
‘magnetic filmof the recording pole portion 15 in a direction of track
width. 8 A drive according to claim5, wherein in the magnetic head, the
recording pole portion has a nmultilayeredgstcucture in which the hard
magnetic filmis positioned on one side, in a direction of 20 track width
of the soft magnetic film and another hard magnetic filmis position on
the other si d%@élé@@iéﬁffigﬁaﬁe{:hfsffiglds%gkéﬁét PBETEL! ¢sf hhmygerving
as the internedi ate | ayer between said one and another hard magnetic fil ns.
25 9. A drive gesost Ny A0t€hal ) SinWARECHAskNaENGMBENRYLI enheadsya

mul tilayered structure is fornmed in which a first non-magnetic layer is
posi tioned betmedium {CB2 nbdheimeftravegneyiredbtlishand bheehard mmgnectic
filmand a second non-magnetic filmis positioned between the soft magnetic
filmand the camelitede ofighleti ceproducédd. spgnalveérancohdi pgatiohekd m 8,
wherein in the 5 magnetic head, the recording pole portion has the soft
magnet i & fi | m ardeperdéntty nafnelei erésense/pbsandei nfatbtaggersd bdyout .
11. A drive according to claimb5, wherein in the magnetic head, each of the
hard magnetic $h¢ M54 naonetdpgbdlmt 352pasi thendietedseddf pénthe opposi ng
surface of the djsk nediumw th respect to the soft magnetic film 12. A
drive accordiﬁ@F%%ﬁc@%ﬁﬁ15, wherein in the magnetic head, a direct joint

portion between eagﬂ of 15 thg har d gagngtic %ilns and the soft nmagnetic
filmis shorter thancaSUEpPAnbi hERLL bR BReBathenirderagABPRALS iPm wit h

respect to a L r i from an_opposing._surface of t i sk medi um
and is Iinitegﬂ?%gﬁﬁadgﬁ%%ﬁﬁa dGr ratke ov%#ﬁnrg?aﬁea?etﬁg E?gg' dium 20
13. A drd ve acggidyng to claim1l, wherein the magnetic head has a structure

in which a wite head including the recording pole portion and a read head
i ncluding a reprOdUPiGQHSGEEHWBtatﬂeé§§geﬁégtar5%%952$grshgaﬁgkfro”‘the
e

di sk medi.um are arranged on 25 a single slider. : magnetic head for
per pendi cul ar dBgRetb€ifi@cendi ddskN(@) di Skhdsi ¥easGPEREAS] PEsult- 33

indicates a change in degree of amplitude degradation
when the recess amount of the hard magnetic film 312

15 is changed. An improvement effect is observed for
a recess amount of 0.02 um or more. The larger the
recess amount becomes, the less degradation in signal
amplitude is observed until the amount of degradation
levels off at about 0.04 um.

20 FIG. 9 shows a measurement result for a disk
drive using the disk (C). This measurement result is
obtained by measuring the head positioning error
amount on a specific track on the disk medium every
time recording/reproduction is repeated on the

25 track 10 revolutions. In this measurement result,
conversely, the smaller the recess becomes, the more

stable the positioning operation. When the recess



@ recording pole portion having a soft magnetic filmand which generates a
recording magnetic flux in a vertical direction of a perpendicular magnetic
recording medium and 5 a hard magnetic material to steadily apply a static
field to the soft magnetic filmof the recording pole portion in a _
direction of a track width in the recording pole portion. 15. A nmagnetic
head for perpendicul ar magnetic 10 recording._in a disk drive, conprising: a
recording pole portion having a soft magnetic filmand a hard magnetic film
and which generates a recording magnetic flux in a vertlcal dlrectlon of a

perpendi cul ar RgReEi 6x££6Q5dbNg IEA Whe %iﬁtﬂ%ﬁ% payer which

i's positioned between the soft nagnetlc nagnéflc filmto

obtain a statignhaegaehi gageupling: ehf g¢h. 1%6no€ Bségé%aorghagthg cl aim 15,
wherein the recording pole portion has a multilayered stfucture rn 20 which

a non- magnet i cpbgyetosenyi ogeastibe batenaBdhateabayer ifiROgkti oned
bet ween the soft magnetic filmand the hard magnetic film 17. A head

according to checauds, tibeletgethehbardcangnenbanti barbrealr anged at a
position recessed 25 froman opposing surface of the perpendi cul ar magnetic
recordi ng nedismaileh tespbieldoleakagef Eromghiei hatdl megnetic film
312 to the disk medium becomes although the more
difficult magnetic domain control at the distal end
portion of a soft magnetic film 311 becomes. These
results were commonly observed independently of the
10 presence/absence of a non-magnetic layer 310
sandwiched between the soft magnetic film 311 and the
hard magnetic film 312.
In short, in the structure according to this
embodiment, the recess amount of the hard magnetic
15 film 312 from the opposing surface of the disk medium
is effective within the range of 0.02 um to 0.4 pum.
That is, any field leakage from the hard magnetic film
312 to the disk medium can be suppressed. This effect
was observed especially in a combination with a disk
20 medium with a small nucleation field.
(Third Embodiment)
FIG. 10A is a view showing the structure of
a recording pole portion 100 of a write head according
to a third embodiment. 1In the recording pole portion
25 100 according to this embodiment, two hard magnetic
films 312 are arranged on both sides of a soft

magnetic film 311 to be perpendicular to the direction



~ 34 18. A negnetic head for perpendicular magnetic recording in a disk
drive, conprising: a recording pole portion having a soft magnetic filmand
whi ch generates a recording nagnetic flux in 5 a vertical direction of a
‘per pendi cul ar magnetic recording medi um wherein the recording pole portion
has a multilayered structure in which hard magnetic films are arranged on
both sides in a direction of thickness 1§,0f _the soft magnetic film serving
as an intermediate layer. 19. A head according to claim 18, wherein the
recording pole portion has a nultilayered structure in which a non-magnetic

Laver and a hasd eREBRtLEathl MLI2of' gogeguenl hakly Akt gnosd ol each side in

the direction of thickness of the soft nmagnetic m serving as the

internmediate |ayeer WOrdd, magBetbeshgagd fﬁBlQ%B%E%EUh% Aagngti c
recording in a disk drive, conprising: a recording pole portion having a

soft magnetic hil bl aagdenblichtoanenatesnawheenr €haghARANRLLRELUX iN a
vertical direction of a perpendicular nagnetic recordi ng fredium and
films 312 are arranged on both sides of the direction
5 of thickness of the soft magnetic film 311 serving as
an intermediate layer.
With this structure, the magnetic domain
stabilizing effect from the hard magnetic film 312 can
be further increased, and the soft magnetic film 311
10 can be more stably magnetized. In this case, the
thickness of the soft magnetic film 311 is, e.g.,
about 0.2 pum.
Alternatively, as shown in FIG. 10B,
a non-magnetic intermediate layer may be inserted
15 between the soft magnetic f£ilm 311 and each hard
magnetic film 312. With this structure, the
exchange-coupling field between the soft magnetic film
311 and each hard magnetic film 312 can be cut off,
and the magnetic domain of the soft magnetic film 311
20 can be stabilized by the static field coupling effect.
(Fourth Embodiment)
FIG. 11 is a view showing the structure of
a recording pole portion 110 according to a fourth
embodiment of the invention. 1In the recording pole
25 portion 110 according to this embodiment, two hard
magnetic films 312 are arranged on both sides of

a soft magnetic film 311 along the direction of track



a hard magnetic material to steadily apply 25 a static field and
exchange-coupling field having the sane polarity to the soft magnetic film
of the recording pole portion in a direction of track wi dth - 35 in the
recording pole portion. 21. A head according to claim 20, wherein the
,recording pole portion has a nultilayered structure in which hard nagnetic
films are arranged on both sides 5 in-a dirrection of track width of the
soft magnetic filmserving as an internedi ate |ayer. 22. A head according
to claim 20, wherein the recording pole portion has the soft magnetic film

and the hard rposeki cafidws1ppi §edal 1 8xShageared. | ayqut. Pé?d23 A head
according to claim 18, wherein each of the hard magnet 1 c ns i s arranged

at a position figgessed f10m an20pPOsh oMl anegRbtt heqpenpendi cul ar
magnetic recording mediumw th respect to the soft nmagnetic film 15 24. A
head accor di ngdivectadm d8, tnhekewindshdinegtivipbgt portion between each of
the hard magnetic filnms and the soft magnetic filmis shorter than a depth
di mensi on of each h@ithnbghet striicknre)t binespebe kacaadepthodiongelg on from
an opposi ng surface 20 of the perpendicul ar magnetic recordi ng nmedi um and
is limted to EArepperd ngtabi€asepeticonospléngf foheepérpentheuhard
nagnetlc recordi ng nedium . A AalL. AN9. Aa9. Ayal. A,

. AN . ANL. AyNgnél@%@t%%LfMSA%ﬁ %\99 imsthasgemaydsractions, the
stNALNa Afa, AgLNuQ
s. Afs. Ayal. Au TagRethky %nlnA%sfkl\?aﬁ?fié\giﬂa%NEE@Df(thﬂ} cam be h
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20 a manufacturing procedure that after the soft magnetic
film 311 is formed and planarized, the hard magnetic
films 312 are formed. Hence, the manufacturing
process can be made simple relative to the structure
shown in FIG. 11.
25 FIG. 13 shows measurement results for a disk

drive which uses a disk medium with a 100-nm thick

soft magnetic layer 21 when samples a to h shown in
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10| | WA<+0!' 2" 10! 0" 10%&' () -3
L 10% & (3 ->' " 10« ¢gordingd (upmBodyct 440% 8 t3peat 0% n&Le- Back
AerOIZHlOIO";Bgapégg%gggons In these measurement results, the
head positioning error amount was 12 nm or less, and
no increase in error amount corresponding to the
number of times of recording was observed in all
10 samples.
The same measurement results as described above
are obtained even in the modification shown in
FIG. 12. 1In this structure, the thickness of the hard
magnetic film 312 is 0.1 pm, and the length of the
15 overlapping portion between the soft magnetic film 311
and the hard magnetic film 312 is 0.05 um.
(Fifth Embodiment)
FIG. 14 is a view showing the structure of
a recording pole portion 140 of a write head according
20 to the fifth embodiment. 1In the recording pole
portion 140 according to this embodiment, the
positions of two hard magnetic film 312 are recessed
from the opposing surface of a disk medium 2 with
respect to a soft magnetic film 311.
25 Even with this structure, any field leakage from

the two hard magnetic films 312 to the disk medium can

be suppressed, as in the structure shown in FIG. 6
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&10%&T() 9109@2é&11tude can be suppressed when the recess amount is
0.02 um or more. When the recess amount is 0.3 um or
less, the stability of positioning operation can also
simultaneously be controlled, a result which is
10 expected and consistent with the results obtained in
connection with the structure of FIG. 6.
(Sixth Embodiment)
FIG. 15A is a view showing the structure of
a recording pole portion 150 of a write head according
15 to a sixth embodiment of the invention. In the
recording pole portion 150 according to this
embodiment, the direct joint portion between each hard
magnetic film 312 and a soft magnetic film 311 is
limited to the distal end portion of the opposing
20 surface of the disk medium. More specifically, as
shown in FIG. 15B, which is a top plan view of
FIG. 15A, the direct joint portions, B, between the
two hard magnetic films 312 and the soft magnetic film
311 are shorter than the long edge depth dimension, A,
25 of the hard magnetic films 312 with respect to the

depth direction from the opposing surface of the disk

medium and are limited to the opposing surface portion
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magnetic film 311 having a more complex magnetic
domain structure can be implemented.

The above-described structure shown in FIG. 12
controls magnetization of the entire soft magnetic
film 311. 1In this case, no problem is posed when

10 the soft magnetic film 311 is made of a crystallite
material such as FeAlSi or FeTaZr. However, for
an amorphous material such as CoZrNb or CoFe that
readily generates a predetermined magnetic wall
distance and a complex magnetic wall, magnetization

15 that stops the flow of the original magnetic domain
may occur. Especially, as the three-dimensional shape
of the recording pole portion becomes more complex,
such a problem is presented with greater probability.

Using CoFe of the sample (h) shown in FIG. 17 as

20 a soft magnetic material, the characteristic of the
structure shown in FIG. 12 was compared with that of
the structure shown in FIG. 15A. This test presumes
a disk drive using the disk (C). Amplitude variations
for every 1,000 recording/reproduction cycles were

25 measured. As a result, in the head having the

structure shown in FIG. 12, the standard deviation of

amplitude variation was 4.8%. In the head having the
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T 109 () - NOOOP! QQzR8r 88scribed above, it is effective to adjust the
joint position between the hard magnetic film 312 and

5 the soft magnetic film 311 at the head distal end

portion in accordance with the application purpose.
Especially, in a disk drive using a disk medium having
a small nucleation field, the structure in which the
position of the hard magnetic film 312 is recessed is

10 effective. Conversely, to ensure stable recording
operation independently of the soft magnetic material
of the head, it is effective to limit the joint
position between the hard magnetic film 312 and the
soft magnetic film 311 to the distal end.

15 The above embodiments presume a disk drive using
the perpendicular magnetic recording method. However,
they can also be applied not only to a drive using
a disk medium but also to a drive using a magnetic
recording medium of another type such as a magnetic

20 tape.

As has been described above in detail, according
to each of the above embodiments, a disk drive using
a magnetic head that implements stable recording
operation in the perpendicular magnetic recording

25 method can be provided. That is, according to each of
the above embodiments, the disk drive using the

perpendicular magnetic recording method has, as its
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non-recording operation. With the disk drive using
5 the magnetic head having the recording pole portion
with the static magnetic coupling structure, the
influence of leakage flux on recorded information on
the disk medium can be effectively suppressed.
For this reason, the problem that the recorded
10 information may be erased or changed can be prevented,
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
15 shown and described herein. Accordingly, various
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 medium comprising:
(a) a magnetic head having a recording pole
5 portion;
(b) said recording pole portion including:
(1) a soft magnetic film; and
(2) a hard magnetic film;
(c) said hard magnetic film applying a static
10 magnetic field to said soft magnetic film in
a direction of a track width of said perpendicular
magnetic recording medium; and
(d) said recording pole portion generating
a recording magnetic flux in a direction perpendicular
15 to a surface of said surface of said perpendicular
magnetic recording medium.
2. A disk drive for use with a perpendicular
magnetic recording medium comprising:
(a) a magnetic head having a recording pole
20 portion;
(b) said recording pole portion including:
(1) a soft magnetic film;
(2) a hard magnetic film; and
(3) a non-magnetic layer disposed between
25 said soft magnetic film and said hard magnetic film;
(c) said hard magnetic film applying a static

magnetic filed to said soft magnetic film in
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magnetic recording medium; and

(d). said recording pole portion generating

a recording magnetic flux in a direction perpendicular
5 to a surface of said surface of said perpendicular
magnetic recording medium.

3. A drive according to claim 2, wherein the
hard magnetic film of the magnetic head is uniformly
magnetized in a direction of said track width.

10 4. A drive according to claim 2, wherein in the
magnetic head, the hard magnetic film is arranged at
a position recessed from an opposing surface of a disk
medium with respect to the soft magnetic film.

5. A disk drive comprising:

15 a perpendicular magnetic recording medium; and

a magnetic head operable for recording in
a perpendicular magnetic recording manner and having
a recording pole portion which generates a recording
magnetic flux in a vertical direction of the

20 perpendicular magnetic recording medium, said
recofding pole portion having a multilayered structure
in which hard magnetic films are arranged on both
sides in a thickness direction of a soft magnetic film
serving as an intermediate layer.

25 6. A drive according to claim 5, wherein in the
magnetic head, the recording pole portion has

a multilayered structure in which a non-magnetic layer
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magnetic film serving as the intermediate layer.
7. A disk drive comprising:
5 a perpendicular magnetic recording medium; and
a magnetic head operable for recording in
a perpendicular magnetic recording manner and having
a recording pole portion which has a soft magnetic
film and which generates a recording magnetic flux in
10 a vertical direction of the perpendicular magnetic
recording medium and in which further includes a hard
magnetic film to steadily apply a static field and
exchange-coupling field having the same polarity to
said soft magnetic film of the recording pole portion
15 in a direction of track width.
8. A drive according to claim 5, wherein in
the magnetic head, the recording pole portion has
a multilayered structure in which the hard magnetic
film is positioned on one side, in a direction of
20 track width of the soft magnetic film, and another
hard magnetic film is position on the other side of
the soft magnetic film, said soft magnetic film
serving as the intermediate layer between said one and
another hard magnetic films.
25 9. A drive according to claim 5, wherein in the
magnetic head, a multilayered structure is formed in

which a first non-magnetic layer is positioned between
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soft magnetlc film and the other hard magnetic film.
10. A drive according to claim 8, wherein in the
5 magnetic head, the recording pole portion has the soft
magnetic film and the hard magnetic films, joined in
a staggered layout.
11. A drive according to claim 5, wherein in the
magnetic head, each of the hard magnetic films is
10 arranged at a position recessed from an opposing
surface of the disk medium with respect to the soft
magnetic f£ilm.
12. A drive according to claim 5, wherein in the
magnetic head, a direct joint portion between each of
15 the hard magnetic films and the soft magnetic film is
shorter than a depth dimension of each hard magnetic
film with respect to a depth direction from an
opposing surface of the disk medium and is limited to
an opposing surface portion side of the disk medium.
20 13. A drive according to claim 1, wherein the
magnetic head has a structure in which a write head
including the recording pole portion and a read
head including a reproduction element to read out
a recorded signal from the disk medium are arranged on
25 a single slider.
14. A magnetic head for perpendicular magnetic

recording in a disk drive, comprising:
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a recording pole portion having a soft magnetic
film and which generates a recording magnetic flux in
a vertical direction of a perpendicular magnetic
recording medium; and

a hard magnetic material to steadily apply
a static field to the soft magnetic film of the
recording pole portion in a direction of a track width
in the recording pole portion.

15. A magnetic head for perpendicular magnetic
recording in a disk drive, comprising:

a recording pole portion having a soft magnetic
film and a hard magnetic film and which generates
a recording magnetic flux in a vertical direction of
a perpendicular magnetic recording medium; and

an intermediate layer which is positioned between
the soft magnetic film and the hard magnetic film to
obtain a static magnetic coupling effect.

16. A head according to claim 15, wherein the
recording pole portion has a multilayered structure in
which a non—maghetic layer serving as the intermediate
layer is positioned between the soft magnetic film and
the hard magnetic film.

17. A head according to claim 15, wherein the
hard magnetic film is arranged at a position recessed
from an opposing surface of the perpendicular magnetic
recording medium with respect to the soft magnetic

film.
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18. A magnetic head for perpendicular magnetic

recording in a disk drive, comprising:
a recording pole portion having a soft magnetic
film and which generates a recording magnetic flux in
5 a vertical direction of a perpendicular magnetic
recording medium,
wherein the recording pole portion has
a multilayered structure in which hard magnetic films
are arranged on both sides in a direction of thickness
10 of the soft magnetic film serving as an intermediate
layer.

19. A head according to claim 18, wherein the
recording pole portion has a multilayered structure in
which a non-magnetic layer and a hard magnetic film

15 are sequentially arranged on each side in the
direction of thickness of the soft magnetic film
serving as the intermediate layer.

20. A magnetic head for perpendicular magnetic
recording in a disk drive, comprising:

20 a recording pole portion having a soft magnetic
film and which generates a recording magnetic flux in
a vertical direction of a perpendicular magnetic
recording medium; and
a hard magnetic material to steadily apply
25 a static field and exchange-coupling field having
the same polarity to the soft magnetic film of the

recording pole portion in a direction of track width
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21. A head according to claim 20, wherein the
recording pole portion has a multilayered structure in
which hard magnetic films are arranged on both sides

5 in a direction of track width of the soft magnetic
film serving as an intermediate layer.

22. A head according to claim 20, wherein the
recording pole portion has the soft magnetic film and
the hard magnetic films joined in a staggered layout.

10 23. A head according to claim 18, wherein each of
the hard magnetic films is arranged at a position
recessed from an opposing surface of the perpendicular
magnetic recording medium with respect to the soft
magnhetic film.

15 24. A head according to claim 18, wherein
a direct joint portion between each of the hard
magnetic films and the soft magnetic film is shorter
than a depth dimension of each hard magnetic film with
respect to a depth direction from an opposing surface

20 of the perpendicular magnetic recording medium and is
limited to an opposing surface portion side of the

perpendicular magnetic recording medium.



