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| NVENTI ON 5 The present invention generally relates to a perpendicul ar
magneti c recording nmethod disk drive, and in particular a disk drive
provided with a function of realizing the stabilization of im

magnetic layer of "a disk medium 10 In_recent years, in theﬂMWﬂ' mmwmwmm
disk drive represented by a hard disk drive, "as a technol ogy Of, <166+
exceeding a |limt of a recording density in the | ongitudinal nagneflc

recording method, a perpendicular nmagnetic recording nethod is noted. In
15 this perpendicul ar nmagnetic Fgggﬁﬁgﬂb'qﬁﬁrﬁNYEW?ﬂg%qreal|zat|on of a disk

dri [ dj dj i er ' red to as a disk)
Whi ch has a dodB BT ab Fea VEEREEETME hncie B A rpe%iwfarr-smmzat ed.
20 A disk havin e-gdoublexl.ayer structure has a magnetic recording

| ayer show ng asﬁggné?ig gg??o%ﬁ%&% I n a perpendicular direction, and a

soft magnetic BACKGROUND OF THE INVENTION

5 The present invention generally relates to a
perpendicular magnetic recording method disk drive,
and in particular a disk drive provided with a
function of realizing the stabilization of a soft
magnétic layer of 'a disk medium.

10 In recent years, in the field of a disk drive
represented by a hard disk drive, as a technology for
exceeding a limit of a recording density in the
longitudinal magnetic recordiﬁg method, a
perpendicular magnetic recording method is noted. 1In

15 . this perpendicular magnetic recording method, the
realization of a disk drive using a disk medium
(hereinafter, simply referred to as a disk) which has
a double-layered structure as a recording medium is
promoted. |

20.- | A disk having the double-layered structure has a
magnetic recording layer showing a magnetic anisotropy
in a perpendicular direction, and a soft magnetic
layer between the recording magnetic layer and a
substrate. The soft magnetic layer has a function of

25 allowing some of the magnetic flux generated from one
of the magnetic poles of the head to pass to the other

magnetic pole at the time of a data recording

R
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layer between the recording magnetic |ayer and a substrate. The soft
'nagnet;c | ayer has a function of 25 allow ng sone of the nagneticl 8IMAR 2005
generated fromone of the magnetic poles of the head to pass to the other
magnetic pole at the tinme of a data recording *@00002* i 18 MAR 2005 2
operation, supporting a recording operation of the head. By the way, it has
been confirnmed that magnetic noise is likely to be generated in the soft
magnetic 5 layer frominstability in the ﬁhgnetic domain state. In _
particul ar, when the head noves on the disk, a spike (or a pulse) nagnetic
noise is likely to be generated fromthe soft nmagnetic |ayer which cones
cl ose to the hERETATHIN NeRHRPPEL MY s B@FeErdtngheperation of the

head.
By the way, it has been confirmed that magnetic
noise is likely to be generated in the soft magnetic
5 layer from instability in the magnetic domain state.
In particular, when the head moves on the disk, a
spike (or a pulse) magnetic noise is likely to be
generated from the soft magnetic layer which comes
close to the head. This magnetic noise affects the
10 recording magnetic layer so that the reproduction
signal level from the head is lowered. Furthefmore,
the soft magnetic layer has a high sensitivity against
a disturbance magnetic field, which constitutes
a factor of generating a destabilization of the
15 magnetic state of the recording magnetic layer.

In order to make an attempt of realizing a disk
drive of a perpendicular magnetic recording method
using a double-layered structure disk, it is
indispensable to take measures of suppressing the

20 generation of magnetic noises from the soft magnetic
layer while suppressing instability of the magnetic
domain state in the above soft magnetic layer.

There is proposed a constitution of a casing of
a disk drive of ferromagnetic substance material, in

25 particular, for the realization of a shield function
with respect to a disturbance magnetic field.

(See, for example, USP 5,654,847). However, in this



.10 recording magnetic layer so that the reproduction signal Ieve{afﬁggbmge
head ig | owered. Furthernore, the soft nagnetic |ayer has a high
sensitivity against a disturbance magnetic field, which constitutes a
factor of generating a destabilization~of the 15 nagnetic state of the
recording magnetic layer. In order to make an attenpt of realizing a disk
drive of a perpendicular nmagnetic recording nethod using a double-I|ayered
structure disk, it is indispensable t© t ake~measur es of suppressing the 20
generati on of magnetic noises fromthe soft magnetic |ayer while
suppressing instability of the magnetic domain state in the above soft
magnet i ¢ | ayer PrREFBY Befhesosddies iashalithithbrofthe Gefithgnagnetial sk
drive of ferrogggneti ubstance material, in 25 particular, for_the
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magnetic layer cannot be settled.
Furthermore, as another proposal, there is

proposed a disk structure in which a hard magnetic

10 pinning layer is provided which has uniform
magnetization which is exchange connected to the soft
magnetic layer on the lower layer of the soft magnetic
layer. (For example, see Japanese Patent Publication
No. 2,947,029.) 1In such a disk structure, there is

15 a possibility that endurance against a disturbance
magnetic field can be improved, and the stabilization
of the magnetic domain state of the soft magnetic'
léyer can be stabilized. However, the uniforming step
of magnetizatién with respect to the hard magnetic

20 pinning layer becomes necessary. Furthermore, the
thickness of the structure layer of the disk becomes
extremely thick. This makes it particularly hard to
manufacture.

Furthermore, there is proposed a disk drive which

25 uses a magnetic head having a magnetic field

generation device for applying a magnetic field to the

soft magnetic layer. (For example, see USP 5,815,342)
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magnetization which is exchange connected to the soft nmagnetic |ayer on
the | oper |ayer of the soft magnetic |ayer. (For exanple, see Japah@®r 2005
Pat ent Publication No. 2,947,029.) In such a disk structure, there is 15 a
possibility that endurance against a disturbance nmagnetic field can be

i nproved, and the stabilization of the magnetic domain state of the soft
magnetic |ayer can be stabilized. However, the uniformng step of

magneti zation with respect to the hard'had%erlc 20 pi nning | ayer becones
necessary. Furthernore, the thickness of the structure |ayer of the disk
becomes extrenely thick. This nmakes it particularly hard to manufacture.

Furthermore, tHEWRYEr privhRsedie @i Eatatidefent cauchstigesthemagnetic head
having a magnetic field _generation device for applying a magnetic field to
the soft nagmﬂqqp?E%RHfl%#%rf%&%nﬁm%,m%@%etE$>g}% ¢, ggneratignppr 2005 4
However, there js a fat defect such that the magnetic field fromthe
magnetic fiel d Yehest@td e%ﬁﬁiE%edW?%%?El?h%eﬁﬁgﬁgt§cdh%ﬁﬂr€§nﬁedisturbance

magnetic field w the result that the realjzation is 5 difficult as a

regult. BRI EF %%ﬁ?}fﬁﬁig|Yk£§ﬂ$%$¢%53€t e ant?%er%?gééﬁFlPﬂvéﬂtion

isto re@lizei&§¥fﬁéﬁ&éi%§130 gﬁléhe magneti c domain state of the soft
of the di sk wthou

magnetic | ayer t affecting the 10 special manufacture

step and the magnetic head ﬁﬂgﬁgbguﬁﬁgﬁgpbgngHFo%gggﬁgfgﬁ t he magnetic

noi se and to realize stabilization wth respec I'sturbance nmagnetic

f field . The preseninioyesitogsPERYI ge8sandl skyBhlysnL9shay pasdsdgyi ce

whi ch uses a double-layered structure provide a soft magnetic |ayer
on the lover | ajes Hfaliel PBOIG] | 6F I €8O HaGBet BY ComSOn L HRhtENE s MBGLEL i C

domai n of the soft magnetic |ayer is uniforned,
soft magnetic layer of the disk without affecting the
10 special manufacture step and the magnetic head thereby
attempting to decrease the magnetic noise and to
realize stabilization with respect to the disturbance
magnetic field.
The present invention provides a disk drive
15 having a device which uses a double-layered structure
provided with a soft magnetic layer on the lower layer
of the magnetic recording layer, so that the magnetic
domain of the soft magnetic layer is uniformed,
the device generéting a magnetic field for stabilizing
20 the structure of the magnetic domain. That is,
the disk drive comprises: a disk medium which is
a double-layered data recording medium having
a magnetic recording layer and a soft magnetic layer;
a head for conducting a read/write operation of data
25 with respect to the magnetic recording layer of

the disk medium; an actuator for moving the head in

a radial direction on the disk medium; and a device



the device generating a magnetic field for stabilizing 20 the structure of
the magnetic domain. That is, the disk drive conprises: a di sk medi 48 WARCcigs
is a doubl e-layered data recordi ng nmedi um having a nagnetic recordi ng | ayer
and a soft magnetic |layer; a head for conducting a read/wite operation of
data 25 with respect to the magnetic recording | ayer of the disk nedium an
actuator for noving the head in a radial direction on the disk nedium and

a device 1 8 MAR 2005 5 for applying a dPrect current magnetic field

having an intensity of a predeterm ned nmagnetic field to the |ongitudinal
direction corresponding to a horizontal direction in the case where the

axi al directiof98f aPRd-YI g sk HefAimaur zrit amanatara it ldlihaeinton. In

such a structure, ,the mggnetic domain of the soft magnetic |ayer of the
di sk .is uni foﬁﬁe&r\ﬁeﬂ'ﬁd&Y &% &chnRfaIRFTHE R tagnRdEs i I ttputhe

requiring a speci.al, ufacture step, with the result that the 10

stabi |l i zation PngﬁgaaAQ§llﬁi¥%ﬁt GRIFIRARAHGRIYP Gahdei sitaked.
Consequent |y, g&%@ %.nethod ich allqws t realhéfg%fn, t he ngﬁnﬁgic di sk
i s decreased from the Soft? &35 VARR© atﬁﬂ3 tHe 1995 G he be .

di st ur bance na ic fi.eld. e _sequr 15 .As,.a. _cqQnsequence, it becones
possiblggto prg%§?59$ﬁgﬁ?g§%?§% |§%:§ i%k§é§%; Qﬁﬁ%éi%ﬁnThe per pendi cul ar

magnetic recording rgf RIS N rd XuX2UE md Jifed 10 dENEIn SSE UG T €

soft magnetic layer of the disk .is uniformed without
affecting the magnetic head and without requiring
a special manufacture step, with the result that the

10 stabilization of the structure of the magnetic domain
can be realized. Consequently, with a method which
allows the realization, the magnetic disk is decreased
from the soft magnetic layer and the stability of
the disturbance magnetic field can be secured.

15 As a consequence, it becomes possible to promote
the realization of the disk drive of the perpendicular
magnetic recording method using, for example, the
two-layer structure. |

Additional objects and advantages of the

20 invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the‘
invention. The objects and advantages of the
invention may be realized and obtained by means of the

25 instrumentalities and combinations particularly

pointed out hereinafter.



Addi tional objects and advantages of the 20 invention will be set forth in
the description which follows, and in part will be obvious fromthe
description, or may be |earned by practice of the invention. The objidctMAR 2005
and advantages of the invention may be realized and obtai ned by nmeans of

the 25 instrunentalities and conbinations particularly pointed out
hereinafter. 1 8 MAR 2005 6 BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE
DRAW NG The acconpanyi ng draw ngs, whi Ch ére‘incorporated in and constitute

a part of the specification, illustrate presently enbodi nents of the
I nvention, and 5 ether with the general description given above and the
det ai | ed descr i EBFE% ESFBEPEﬁQHdpﬁeﬁ'ﬁE SEVERABe VEEWSs S &HFo DRANWIAGh t he

principles of the inyention. FIG, 1 is a view show ng an essential portion
of 10 a disk drive ﬁleoracﬁqﬂj“%%lfw rdfawhddi ievichfaraelpeesparated

I nvention. FIG. 2 is,a view.faor explaini di sk structure accordlng to
the embodi ment *PFAEY §908 %Rﬂt&va\‘ cﬁa%ﬂpﬂé tﬂ'}%gs%ﬁ tionp illust-

characteristi Cr% @ p%%%ef\{[tll%z reem(i)oréjfmn&ésayoeg %Cecoirr%ergtnt.oon;[ he SnbOdl ment.
5 together with the general description given above and
the detailed description of the embodiments given
below, serve to explain the principles of the
invention.
FIG. 1 is a view showing an essential portion of
10 a disk drive according to a first embodiment of the
present invention.
FIG. 2 is a view for explaining a disk structure
according to the embodiment.
FIG. 3 is a view for explaining a magnetic
15 characteristic of a magnetic recording layer according

to the embodiment.

FIGS. 4A through 4B are views for explaining an
arrangement relationship of a magnetic device
according to the embodiment.

20 FIG. 5 is a view showing an essential portion of
a disk drive according to a second embodiment of the
present invention.

FIG. 6 is a view for explaining a magnetization
action of a magnet member of a VCM according to

25 the second embodiment.

FIG. 7 is a view for explaining a magnetization

action of a magnetic device according to



FIGS’ 4A through 4B are views for explaining an arrangenent relationship of

-a magnetic device according to the enbodinent. 20 FIG 5 is a Vi ew sR@wWuam 2005
an essential portion of a disk drive according to a second enbodi ment of

the present invention. FIG 6 is a view for explaining a magnetization

action of a nagnet nmenber of a VCM according to 25 the second enbodi nent.

FIG 7 is a view for explaining a nagnetiéation action of a magnetic device
according to 1 18 MAR 2005 7 the second enbddinent. FIG 8 is a view for
expl aining a disk structure according to a third enbodi mrent of the present

I nvention. 5 FI 91is vi ew showi ng an essential portion of the disk
drive accordin§ o%‘?@ﬁﬁﬁ’ﬁ%‘dﬁ?mh DETAI LED DESCRI PTI ON ﬂ: ‘tI)'HE

| NVENTI ON Her ei naf t enpodi ments of _the present invention w e
expl ai ned her ei nbel %rvyGo'yr?elfserqi‘ng‘Yof‘?%ee’?Plalnlng a disk structure

according to a third embodiment of the present
invention.
5 FIG. 9 is a view showing an essential portion of
the disk drive according to the third embodiment.
DETAILED DESCRIPTION OF THE INVENTION
Hereinafter, embodiments of the present invention
will be explained hereinbelow by referring to the
10 drawings.
(Disk Drive Mechanism)
FIG. 1 is a view showing an essential portion of
a perpendicular magnetic recording method disk drive
according to a first embodiment of the present
15 invention. The disk drive has a structure such that
a drive mechanism is incorporated which comprises
a disk 1, a spindle motor (SPM) 2, and an actuator
inside a casing (an upper cover thereof is omitted)
which is a drive main body.
20 The actuator comprises an arm 4 including a
suspension mounting a head 3, and a voice coil motor
(VCM) 5 for moving the arm 4 on the disk 1 in a radial
direction. The actuator moves the head 3 on a disk in
a radial direction during read/write operation of
25 data. Furthermore, at the time of the suspension of
the data read/write operation, an unload operation is

conducted for allowing the head 3 to be retreated from



10 drawi ngs. (Di sk Drive Mechanism FIG 1 is a view show ng an essenti al
portion of a perpendicul ar magnetic recording nethod disk drive A&Mﬁ&izﬂ@
to a first enbodi nent of the present 15 invention. The disk drive has a
structure such that a drive nmechanismis incorporated which conprises a
disk 1, a spindle nmotor (SPM 2, and an actuator inside a casing (an upper
cover thereof is omtted) which is a drive main body. 20 The act uat or
conprises an arm4 including a suspensior nounting a head 3, and a voice
coil mtor (VCM 5 for noving the arm4 on the disk 1 in a radia
direction. The actuator noves the head 3 on a disk in a radial direction
during read/ witthe shishatl ok otheslame memper hérabr shown ) t ABrangedof t he
suspension of the data read/wite operation, an unload operation is
conduct ed for AYEHIR) Vhethra#i 8K tb- be retreated from 18 MAR 2005 8 the

disk 1 to the | anp nenber gnot shomn% arranged _outside of the disk 1.
Furthernore, on the TUHEFRETMOTrS, cPRCEPE SBBIRFale 26CHEERAGI Sybatrate

preanplifier ciycuit is,arranged. 5 The preanplifier circuit is connected
Do the head 3 G ERHSHEE 3 (FESEBPE preht CLRBRLS 16 SFEASHPE -t he

read/mmi%e Sig%ﬂé preamplifier circuit is connected to the head 3
via the FPC (flexible print cable) to transmit the
read/write signal.

The disk 1 has a double-layered structure having
a magnetic recording layer 24 having a magnetic
10 anisotropy in a perpendicular direction, and a soft
magnetic layer 22 intervening between the magnetic
recording layer 24 and the substrate 21.
Furthermore, inside of the casing 7, a magnetic
device 10 of a direct current dielectric magnetic
15 . field is provided. As described below, in the
magnetic device 10, a direct current magnetic field is
applied in the longitudinal direction of the disk 1 to
uniform the magnetic domain of the soft magnetic layer
22. The magnetic device 10 is located at a position
20 separated from the head 3 in the vicinity of the
actuator. Furthermore, the magnetic device 10 is
located at a position where the magnetic field acts on
the range of the disk 1 corresponding to the range in
which the head 3 further moves.
25 (Disk Structure)
When a structure of the disk 1 is specifically

explained, for example, a Co-Zr-Nb type soft magnetic
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.The disk 1 has a doubl e-layered structure having a nmagnetic recording
[ayer 24 having a magnetic 10 anisotropy in a perpendicul ar directigomaAr 2004
a soft magnetic layer 22 intervening between the magnetic recording |ayer
24 and the substrate 21. Furthernore, inside of the casing 7, a nagnetic
device 10 of a direct current dielectric magnetic 15 field is provided. As
descri bed below, in the mnmagnetic device 10, a direct current nagnetic
field is applied in the longitudinal diréction of the disk 1 to uniform
the magnetic domain of the soft nagnetic |ayer 22. The magnetic device 10
is located at a position 20 separated fromthe head 3 in the vicinity of
the actuator. JRKehetdroke, lamenabedete ca delvicknddsisf &boat edl0anma
position where the magnetic field acts on the range of the disk 1

corr espondi ng tP tHe ragease ofintlkd ahenhewm orfalasermabersal2s (Di sk
Structure) Wien g structure of_the disk 1 is specifically explained, for
exanpl e, a Co- Zsru_at}@d:q@% sbhft Pagreerpore 1 onpiooesio nageetso |s

| am nated to a]Phickqﬁgs q%aabout 300nm on_the surface of the, alum num or
glass material ~&{Hsteat 22 MEGREHET MR LT G hbAYRF t 2 heGPBRT ES1gyer 22,

Lhe TaOngL 1 1 SC0Lsl A0 hauele 24 PRIPIARANY 2,808 GrllaLype, ALl ox gpd 2
ool terino ProsERL G TELAEH Ylver e SL matEL ol e 22 Ry e
type sputtering processing. Incidentally, the soft
magnetic layer 22 may be made of magnetic material
such as sendust, a Ni-Fe type alloy, a Fe-Cd type
10 alloy or the like.
(Characteristic of Soft Magnetic Layer)

The state of the magnetic domain of the soft
layer 22 can be observed with the Kerr effect
measuring method using an optical surface analyzer.

15 When a special magnetic domain control is not
conducted, a large number of magnetic walls (boundary
locations of the magnetic domain) are present on the
soft magnetic layer 22. Many magnetic walls are
located, in particular, in the vicinity of the side of

20 the outer periphery of the disk with the static
magnetic energy state.

After the disk 1 having such a soft magnetic
layer is demagnetized with a direct current, the read
operation is conducted with respect to the disk 1 by

25 the magnetic head 3 and the reproduction waveform from
the head 3 is observed. From this observation, the

phenomenon can be confirmed in which a large number of



.10 alloy or the like. (Characteristic of Soft Magnetic Layer) The state of
the mggnetic domain of the soft |ayer 22 can be observed with the KeR 2005
ef fect neasuring nmethod using an optical surface anal yzer. 15 Wen a
speci al magnetic domain control is not conducted, a |arge nunber of
magnetic walls (boundary |ocations of the magnetic domain) are present on
the soft magnetic layer 22. Many magnetic walls are |ocated, in
particular, in the vicinity of the side o0 20 the outer peri phery of the
disk with the static magnetic energy state. After the disk 1 having such a
soft magnetic |layer is demagnetized with a direct current, the read
operation i s cordseed ittt I# sedFectlike denfdigkcatinn APpuleerkigeti c head 3
and the reproduction waveformfrom the head 3 is observed. Fromthis
observation, tRENLFEEFGTMEN can he gamenated iframitdie Aisk ge Qlunber of 1

8 MAR 2005 - 10 ,n?%ses wi,th a spike-I1jke configuration (pulse-like
confi gur ati on) Y8dfFh&aféndsatiod FeeRtded «di J0e l@famidth Yatsel not

ecorded. The LETE ALl U Sl E LI e 1000 AL oL ) . or csponds
Conseaestl VBB ME L Bre YR B Tl pdetmar ¢
TEOREL! e oy 201! MG 198152 d Sl Sl @ hanoed ever
magnetic wall of the soft magnetic layer 22
constitutes a factor in the generation of spike noise.
The magnetic wall of the soft magnetic layer 22 is
10 affected and changed even with a small disturbance
magnetic field.
Next, by a measuring method using an optical
surface analyzer, the state of the magnetic domain
(magnetized state) of the soft magnetic layer 22 can
15 be observed in the case where the magnetic field is
given, for example, with the permanent magnet with
respect to the disk 1. From this observation, it can
be confirmed that the state of the magnetic domain is
uniformed with the applied magnetic field from the
20 permanent magnet. Here, the area to which the
magnetic field is applied with the permanent magnet'is
a restricted area. However, it is confirmed that a
part of the magnet flux is saturated with the
permanent magnet so that the magnet flux is
25 transmitted to the inside of the soft magnetic layer

22 and the magnetic domain state of the soft magnetic

layer 22 is widely uniformed.



Next, by a neasuring nethod using an optical surface analyzer, the state @g
the magnetic domain (nmagnetized state) of the soft magnetic Iayer‘ihMéﬁﬂo 5
be observed in the case where the magnetic field is given, for exanple,
with the permanent magnet with respect to the disk 1. Fromthis
observation, it can be confirned that the state of the magnetic domain is
uniformed with the applied magnetic field fromthe 20 permanent nagnet.
Here, the area to which the magnetic fTeIHlis"appIied wi th the permanent
magnet is a restricted area. However, it is confirmed that a part of the
magnet flux is saturated with the permanent magnet so that the magnet fl ux
is 25 transm t tEPYLREIHN jard EEfECk IRf sHie PaggletFrbedyment? and t he
magnetic domain state of,K the soft magnetjc layer 22 is widely uniforned.

18 MAR 2005 - || (JpFretiadhtehd BreeetWhbilihe expsairpdoanneReration

Hereinafter, there will_be explained an operatjon and an effect of a
magneti c devi ceanfg o‘?ﬁ’g"e‘ﬁt cfﬂ"l 3 Akt rﬁi‘?/‘él%cjo(? RRYVEEeE he f i r st

mbodi ment. 5 A ' . the first, enbodinent, . hown.in FIG 1,
i rect cur i ent THOIETR (G FCHURE SQpT it E om0 nal

di ti di al di j ' 1L wih.th tic disk 10

orovi ded i n the vi Aarey ot Re W EHEF lkodibei T #00Eh et B mmgnet i c
provi ded | . . y:-as .
acsuned. Howovarhe’ Th reonets & et chaalPls AR el ulle 0 e

per manent magnefppidd 4pas g QAL DWW i oSO £81 4P &'ff%éé%ﬁ) 15

Wth respect to the electromagnet, It i s possible 0 adjust the intensity

(H=A/m) of the off rand ANK eNtwitrRd nddrdeis PPt i sl protigedi 8k 1. Here,
sven the vicinity of the actuator. Incidentally, as

10 the magnetic device 10, an electromagnet having a coil
wound around an iron core is assumed. However, as
the magnetic device 10 mounted on the disk drive,

a permanent magnet which does not require a power
source is desirable.

15 With respect to the electromagnet, it is possible
to adjust the intensity (H=A/m) of the direct current
magnet which is applied to the disk 1. Here, even
when the direct current magnetic field having, for
example, a magnetic intensity of 10 X 79.58A/m or

20 less is applied to the disk 1 from the electromagnet,
the frequency of the generation of spike noises in
accordance with the magnetic domain state of the soft
magnetic layer 22 does not change. Consequéntly, no
conspicuous effect against the noise decrease can be

25 obtained.

On the other hand, when the direct current

magnetic field having a magnetic field intensity (H)



when'the direct current magnetic field having, for exanple, a nmagnetic
intensity of 10 X 79.58A/'mor 20 less is applied to the disk 1 frorh 8 MAR 2005
el ectromagnet, the frequency of the generation of spike noises in
accordance with the magnetic dormain state of the soft nagnetic |ayer 22
does not change. Consequently, no conspicuous effect agai nst the noise
decrease can be 25 obtained. On the other _hand, when the direct current
magnetic field having a nagnetic field'inﬂgnsrty (H 1 8 MAR 2005 - 12 of
50 X 79.58A/mor nore is applied, spike noises in accordance with the state
of the magnetic domain state of the soft nagnetic |ayer 22 cease to be
gener at ed, ther@by5®r &vi’f PR & e Pl UsS dafkiedipotp Hiee skobsedirt i on.

In summary, it can be assuned that the nmagnetjzation of the soft nagnetic
layer 22 is sat¥raPEWREE YheDstheeSbrtenet nhifRehpranasiai AoBaAnhELERRT or med

by th ti f th | i ed, magnet i field havj intensity of
Uhe. magneti c {19 doher GoF L RAHAERLCAGKEE| 22 FRRBenA0) G GonRBREERe

ani sotropy of the soft nagnetic layer 22. Furthernpore, it has,been
cont 1 1ot hat . CHoTRY MEPRLAHIE ArEPPERI PRI SERBCH KBER BaieEnt 15
magnetic field pga&ggiogor exanple, a magnetic field intensity (H) of 1500
X 79.58A " m or nbre décreases the anplitude value of the reproduction signal

fromthe head 3 morerhngfnkiey! egy! 8LAILKALUEURED FHATRLY, When the applied

magnetic field fromthe nagneti e S to0 strong, both the head
3 and the recorghbge FRIREL LA beye_ﬁe2&9&%@5&_@9%@%%&&2& bgular, it can

be assuned t hat en a magnetic field 1s applie is larger than the
coercive force ghtthete@candi 8genBgacti 61 8¥8' m84neth€ domain can be
uniformed by the generation of the applied magnetic
10 field having an intensity of the magnetic field larger
than the magnetic field having a magnetic anisotropy
of the soft magnetic layer 22,
Furthermore, it has been confirmed that, for
example, thé application of the direct current
15 magnetic field having, for example, a magnetic field
intensity (H) bf 1500 X 79.58A/m or more decreases
the amplitude value of the reproduction signal from
the head 3 more than the regulated value. In summary,
when the applied magnetic field from the magﬁetic
20 device 10 is too strong, both the head 3 and the
recording magnetic layer 24 are affected. 1In
particular, it can be assumed that when a magnetic
field is applied which is larger than the coercive
force of the recording magnetic layer 24, the
25 magnetization of the recording magnetic layer 24 is

attenuated.

Consequently, it is required to set the intensity
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.25 magneti zation of the recording magnetic |ayer 24 is attenuated.
Consequently, it is required to set the intensity 18 MAR 2005 - 138 MARY} 2006
the magnetic field applied to the disk 1 from the magnetic device 10 to be
| arger than the magnetic field in the magnetic anisotropy of the soft
magnetic |ayer and, at the sane tine, smaller than the coercive 5 force
(FIG 31) of the recording magnetic |layer 24. Here, in the case of the
doubl e- 1 ayered di sk having a square-shapkd hysteresis as the disk 1, it is
desirable that the intensity (H) of the applied magnetic field fromthe
magnetic device 10 is snmaller 10. than the intensity (FIG 30) of the
magnetic field (@) ahelie maenstiidt of halphedprhiednto eviee séiskalt fobmt he
recordi ng magnetic layer 24 of the disk. Next, the arrangenent

rel ati onshi p ofthehdnagnairiet idedess ck0 110 ¢ | Ldegexptiaanethe IBageeic
arrangenment of the magnetic device 10, ,as shown in FIG 1, the vicinity of
the VCMis st fd@i dih ychediampicic Howesseitopnses the stofih Ragnetzs, 4A
and 4B are acc ptablﬁmﬁin t he begi nning, the arrangenment shown in 20 FI G
4A is an arran cleridht 632719 tHie or§id hee T nhlgRet Fioe depRr¢i v at e of

oper ati ofy I ITEEE THE Grockl 5 Tovets WHiP I G e Rt (aREer 21 1 ol d. -
oSl LY AL MU SRR DSR2 TR ER RS Sats
However, in this QfA06MREe S it Esid tadBhe disk 1, it is
desirable that the intensity (H) of the applied
magnetic field from the magnetic device 10 is smaller
10 than the intensity (FIG. 30) of the magnetic field at
the irreversible magnetization reverse start of
the recording magnetic layer 24 of the disk.
Next, the arrangement relationship of the
magnetic device 10 will be explained.
15 As an arrangement of the magnetic device 10,
as shown in FIG. 1, the vicinity of the VCM is
structurally desirable. However, cases as shown in
FIGS. 4A and 4B are acceptable.
In the beginning, the arrangement shown in
20 FIG. 4A is an arrangement which enables to uniform the
magnetic domain state of the soft magnetic layer
cdrresponding to the range (range of a seeking
operation) in which the head 3 moves with the applied
magnetic field. Incidentally, the range in which the
25 head 3 moves refers to the data recording effective
range in the recording magnetic layer 2 on the disk 1.

However, in this arrangement structure, it has



1 18 MAR 2005 - 14 been confirned that the anplitude of the reproduction
signaly fromthe head 3 is too strong with the attenuation with th@ MarR 2005
regul at ed val ue even when the intensity of the applied magnetic field from
the 5 nmagnetic device 10 is on the order of 50 X 79.58A/'m That is, it can
be assuned that in the arrangenent of the magnetic device as shown in FIG
4A, the position of the magnetic device 10 cones too close to the head,

so that the applied magnetic field Iargeﬂ¢=affects 10 the head 3. As a
consequence, it can be assuned that a strong head magnetic field is
generated with the nutual action of the head 3 and the soft magnetic

| ayer 22 so t hReenh&omggaaedz sthiadn téfe wmim lidgudst iof thec araprapuctyiem 24 can
be attenuated. Consequently, 15 as shown in FIG 1, it is desirable that
the position 8f9PRe Faghettite deadd 16 iteosSfaoMFP¥idd thha the applied
magnetic field goes not, affec&hthe head .3 so much. Next, the arrangenent
of the magneti 8*FEWHEELPH WiFhadhenSRyulatedavadtianavemanaiy ddig gated. | n

this arrangenent  structure, .the position of the netj c device 10 is set
on the opposi tén§|e&é”l%‘fy ﬁh&%\?@@ﬁ@dr HRGESS tfg'ﬂqa'é]adg@“brﬂl%e disk 1 so
that thg spin Nol g ...l qcat.ed in . the mdst thereof. .25 At this
positions it igLd Sggﬁ |g%?32§h§§ré§g°ﬁh§%% S éhéghﬁp ﬁﬁe7§pap%éﬁ'nagnefic

field fromthepnaRongli q AU Sel QskAnkde 7839 i% trfe arrangement of

the magnetic device as shown in FIG. 4A, the position
of the magnetic device 10 comes too close to the head,
so that the applied magnetic field largely affects

10 the head 3. As a consequence, it can be assumed that
a strong head magnetic field is generated with the
mutual action of the head 3 and the soft magnetic
layer 22 so that the magnetization of the magnetic
recording layer 24 can be attenuated. Consequently,

15 as shown in FIG. 1, it is desirable that the position
of the magnetic device 10 is separated so that the
applied magnetic field does not affect the head 3 so
much.

Next, the arrangement of the magnetic device 10

20 as shown in FIG. 4B will be investigated.

In this arrangement structure, the position of
the magnetic device 10 is set on the opposite side of
the movement range of the head 3 on the disk 1 so that
the spindle motor 2 is located in the midst £hereof.

25 At this position, it is possible to suppress the
influence of the applied magnetic field from the

magnetic device 10 to the head 3.



1 8 MAR 2005 - 15 However, in this arrangenent structure, it has been
confirjmed that a spi ke noise is generated in the reproduction outﬁh? MARO 2805
the head 3 even in the case where the intensity of the applied nagnetic 5
field fromthe nmagnetic device 10 is set to about 1000 X 79.58A/m 1In
summary, it can be assuned that the applied magnetic field fromthe
magneti ¢ device 10 does not effectively act on the soft magnetic |ayer 22
~of the disk 1.~ That is, it has been confiPrmsd that 10 the control of the
magneti ¢ domain (uniform ng of the nagnetic donmain state) by the applied
magnetic field fromthe magnetic device 10 is effective only in the range
approxi mate to the HBPpEVed pddi thds errengemegteSiteuctalng, % P&s t he above
reasons, as shown in FIG 1, the arrangement structure of the magnetic

devi ce 10 accoP@PRgCPRILEBef| fhateahERLkENROLSefiPedeneEated time control of
t he magnetic domai n_of netic | a 2. Furthermore, in this

h ft
ar r angenent st?ﬁ%tE?8F°§68Fﬁ§naﬁg?888 ﬁﬁaﬁe¥gé %F@Pd3i§v§@p&Pated at a
iti wh ic field, a0t affect the.head 3 h. |
bher vordo. | s areangonhafe R i fRERIRY B, Ehb. PR IMAR ATEELE: it 1 ne
ti th iyt | h i i 1 th It f 25
Che head 3 ( mouoatd, EoOnPEnk RaBRARTL BefEtbro fsrREe B8 BRRGE' 0 oti on of

the di sk 1 (rofghpon Sheldggfnt Ner2piaheryol or 2y pd A MAR.A00R: 10

Incidentally, it Is required to adjust t rrangement o magneti c

i U i e R
does not effectively act on the soft magnetic layer 22
of the disk 1. That is, it has been confirmed that

10 the control of the magnetic domain (uniforming of the
magnetic domain state) by the applied magnetic field
from the magnetic devide 10 is effective only in the
range approximate to the applied position of the
magnetic field.

15 For the above reasons; as shown in FIG. 1, the
arrangement structure of the magnetic device 10
according to the first embodiment is effective for the
control of the magnetic domain of the soft magnetic
layer 22. Furthermore, in this arrangement structure,

20 the applied magnetic field is separated at a position
where the magnetic field does not affect the head 3 so
much. In other words, an arrangement structure is
desirable in which a straight line connecting the
position of the magnetic device 10 and the position of

25 the head 3 (movement position) does not intersect

the center of rotation of the disk 1 (rotation shaft

of the spindle motor 2).



5 or'less. .As a consequence, it is possible to prevent a phenonenog i n
Which the head 3 is erroneously operated. As described above, accor ﬂH@ 2085
t he enmbodi nent, the control of the magnetic domain can be realized so 10
that the magnetic domain state of the soft nmagnetic |ayer 22 is uniforned
Wi th respect to the doubl el ayered structure disk 1 by providing the
magneti c device 10 such as a permanent nagnet or the like at a
predet erm ned position inside the disk drive~1In this 15 case, the
phenonenon can be prevented in which the applied magnetic field fromthe
magnetic field 10 affects the magnetic head 3 outside the tol erance range.
In sumary, in the rMadicendeddydi ng tic trtesemestiterdad judie stabili zati on of
the magnetic domain 20 state of the soft nagnetic |ayer 22 of the disk can
be realized w ehgangepesitalfnthef acometig stearise Adnseyusrat ytherith the
realizable nethod, the noise fromthe soft magnetic l|ayer 22 can be

decreased and tR&ESIEABY i(Hy Bf the drpliashmeanetdretiiekd sthidtan be 25
secured. .. Inahden%&lly, t here has been expl,ained a case of one magnetic
device 10 in tArESEMbIdPRERt UPRR: (& pad B3 igaRerods 5 1F 78 -58&YB ity of

magneti c.devices 10 nmay he arranged. Secand .Enbodi nent) FIGS. 5 to 7 are
vi ews showi ng 8¥sd&SRd - EFb&diC QUEDFRa %ﬁd%ﬁ%rﬁc’ RISVEG 1 uct ure

et er e, B BB RIS SR en PR Y L I e cOnSt s
operated.
As described above, according to the embodiment,
the control of the magnetic domain can be realized so
10 that the magnetic domain state of the soft magnetic
layer 22 is uniformed with respect to the double-
layered structure disk 1 by providing the magnetic
device 10 such as a permanent magnet or the like at a
predetermined position inside the disk drive. 1In this
15 case, the phenomenon can be prevented in which the
applied magnetic field from the magnetic field 10
affects the magnetic head 3 outside the tolerance
range, In summary, in the method according to the
embodiment, the stabilization of the magnetic domain
20 state of the soft magnetic layer 22 of the disk can
be realized without special manufacturing steps.
Consequently, with the realizable method, the noise
from the soft magnetic layer 22 can be decreased and
the stability by the disturbance magnetic field can be
25 secured.

Incidentally, there has been explained a case of

one magnetic device 10 in this embodiment. Naturally,



magnetic device 10 (reference nuneral 50 of FIG 50). In such a structure,
it is not required to prepare 10 a nmagnetic device 10 as an i ndep8ndamh2005
conponent. In the case where the VCMb is designed in advance, the
specification of the nagnet nenber 50 (magnetic characteristic, size or
the like) may be set so that the function of the nagnetic device 10
(application of 15 effective magnetic field to the soft magnetic |ayer 22)
can be obtained. FIG 6 is a conceptuat viéw showing a structure of the
conventional VCM 5. The VCM 5 drives the arm4 wth a nutual action with

t he magnet nenber 15. and the 20 el ectromagnetic coil 16. Conventionally,
the design of & EluMe\bity cHmaghetisodéhates hed nagpebecatkangedshown by
an arrow) fromthe magnet nenber 15 does not act on the side of the disk
1. In this variGEieomd Engbdimennh) FIG 7, the VCM5 25 is designed so that
a predeterm ned magnetic field is applied to the side of the disk 1 from
the magnetic field F2h al 88 depyesviaswehehawgnet anespend50. 18 MAR 2005
- 18 That is, the VCMb can be designed in a specification such that a

| eak magnetic f4RBOYH]Me: order effective for uniformity (uniform

saturati%n of the netizatigné of the naﬂnetic domain state of 5 the
soft magretic |ayer WWERDDY eRRediPRptt Ras BoBFERGEUESr WBIBR t he
t he di rovided fromthe magnetic

mOnet ¢ OO AR EL P g ST St PEOARLT AL I o
O e oo S IS M ek e 10 ARppERRIOEIL EotRODoOhy LGSR
relatively | owndsletic device 10 (reference numeral 50 of FIG. 50).
In such a structure, it is not required to prepare
10 a magnetic device 10 as an independent component.
In the case where the VCM5 is designed in advance,
the specification of the magnet member 50 (magnetic
characteristic, size or the like) may be set so that
the function of the magnetic device 10 (application of
15 effective magnetic field £o the soft magnetic layer
22) can be_obtained.
FIG. 6 is a conceptual view showing a structure
of the conventional VCM 5. The VCM 5 drives the arm 4
with a mutual action with the magnet member 15 and the
20 electromagnetic coil 16. Conventionally, the design
of the VCM5 is conducted so that the magnetic flux
(shown by an arrow) from the magnet member 15 does not
act on the side of the disk 1.
In this variation, as shown in FIG. 7, the VCM 5
25 is designed so that a predetermined magnetic field is

applied to the side of the disk 1 from the magnetic

field which also serves as the magnet member 50.



(Third Enbodinent) FIGS. 8 and 9 are views showing a third 15 enbodi nent.
The third enbodi ment relates to a disk drive which uses three-| dy&rM@ 2005
structure disk 100 provided wth a magnetic pinning | ayer 80 between the
soft magnetic |layer 22 and the substrate 21 as shown in 20 FIG 8. Even
in the case of the disk 100 having such a three-layered structure, as
showmn in FIG 9, the stability of the magnetic domain state of the soft
magnetic |ayer of the disk 1 can be realik®d by 25 arranging the nmagnetic
generator 10 in the vicinity of the actuator as shown in FIG ~9 so that
the decrease of noise and the stability against disturbance 1 18 MAR 2005
- 19 magneti cThiagl ds ,ciheb&IMMmldarede mMerrpedliiularspeetbicition I n this
enbodi ment, in particular, the nmagnetic generator 10 is designed in such a
manner that tB&cHi tdeti en lefak magmiiied st ithe ietde’ (| ongit udi na
direction of the disk) 91 fromthe nagnetic generator 10 becones
approxi mat el y e§fgctiye e gyl 1 niiif ahint epa b wratgbomfof he magnetic
pi nni ng | ayer 88. I ncidentally, in any of the djisk drive associated 10
with the first t88p8GIRGH:ZAHOe I FRETRATRIHC R 1R F12ES o?f exanpl e of

he fi nmbodi el h b, fi | h h f ti |
bo ot Lhe g o tnEe Yore! el STl LR di%ed u%sa?lieé{‘eahéf E
b t able. Cod j i hei t ffect t
magnet . ohi of SOSEELTE S NI Mot R0 SRR T €0 2E o8 i g e
casing 7 and the AR 1C QL ASPRIEP VE I And ek drhditb & s0.

ferromagnetic material.
In the structure of the second embodiment,

since the magnetic device 10 can be eliminated as
10 an independent component, the same operation and
effect as those in the first embodiment can be
obtained at a relatively low cost.
(Third Embodiment)
FIGS. 8 and 9 are views showing a third
15 embodiment.

The third embodiment relates to a disk drive
which uses three-layered structure disk 100 provided
with a magnetic pinning layer 80 between the soft
magnetic layer 22 and the substrate 21 as shown in

20 FIG. 8.

Even in the case of the disk 100 having such
a three-layered structure, as shown in FIG. 9, the
stability of the magnetic domain state of the soft
magnetic layer of the disk 1 can be realized by

25 arranging the magnetic generator 10 in the -vicinity of
the actuator as shown in FIG. 9 so that the decrease

of noise and the stability against disturbance



,As has been described above, according to the 20 present invention, in a
per pendi cul ar magnetic recording nethod using a doubl e-| ayer ed di $18 MAR/i2005
a soft magnetic layer, the stability of the magnetic domain state of the
soft magnetic |ayer can be realized practically and effectively by
arrangi ng the 25 magnet generating neans for applying a direct current
magnetic field to the disk. Consequently, an attenpt can be nade to .
establish stability against 18 MAR 2005 12 20- a di sturbance magnetic field
so that practical application of a disk drive with a perpendicul ar
magnetic recording method can be pronoted. Additional advantages and
modi fi cati ons Wadnesicedfdigdsocman he nerisieeskiil queipendicwatar Theref ore,
the invention in its broader aspects is not limted to the specific
details and reFeESEEHiag ve Tnifoul hreambodigtanin dinl prestcidwal hethed n,
Accordingly, various  nodifications nmay be nade w thout departing fromthe
10 spirit or s&GFEEHIG el Ihvieghtdess aattdgt ssch cefiameedy t he
ai and theiy, equivalents. 18 NMAR 2005 21 CLAI M5
appended cl rr%hat gﬁe dlréltion of the applied magnetic field
5 (longitudinal direction of the disk) 91 from the
magnetic generator 10 becomes approximately equal to
the magnetic pinning direction 90 of the magnetic
pinning layer 80.
Incidentally, in any of the disk drive associated
10 with the first embodiment, the second embodiment, and
variation example of the first embodiment, it has been
confirmed that the soft magnetic layer 22 of the disk
is sensitive to the disturbance magnetic field, and
becomes unstable. Then, it is desirable to heighten
15 the effect of the magnetic shield against the
disturbance magnetic field by constituting the casing
7 and the upper cover (top cover) of the disk drive of
ferromagnetic material.
As has been described above, according to the
20 present invention, in a perpendicular magnetic
recording method using a double-layered disk having
a soft magnetic layer, the stability of the magnetic
domain state of the soft magnetic layer can be
realized practically and effectively by arranging the
25 magnet generating means for applying a direct current

magnetic field to the disk. Consequently, an attempt

can be made to establish stability against



1 A disk drive conprising: a disk nediumwhich is a double-layered data 5
recordi ng nedi um having a nagnetic recording |layer and a soft nagne8i AR 2005
| ayer; a head conducting a read/ wite operation of data with respect to
said recording magnetic |ayer of said disk nedium an actuator nounting
said head for noving the head in ]0 a radial direction on said disk nmedium
and a device applying a direct current magnetic field having an intensity
of a predeterm ned magnetic field in a”lo %itudinal direction where the
axial direction of said disk mediumis set in a perpendicular direction,
sai d device being constituted 15 so as to generate a nmagnetic field which
has a nmaxi num Paldiétgibange itaemetiy %*eigesﬂngh@tiBrﬁﬁbigaborresponding
to the longitudinal direction of, said disk medium the value being |arger
than the ani so ICHFEIAY Af SHERATLWAGHEER c@ PayRendb@Rhgrsmal | er t han
the coercive farce gf.said 20. magnetic recordi ng | ayer, and bei ng provided

at a location & GRS )}“%"_'fh‘? CHhgrRt PEC ?E®4- whi ch acts upon
said  nead wih the Aeter ety TReDSli oLk okgl beEaRESLess MBI i
5" a"dr sk med Um0 SRR TS S EEEHES o, Wty P ER RS ng 8
magnetic recor diyag il ANA{t A £y f%gtbfggﬁg¥i£%$éﬁ%ﬁ;is not limited to

the specific details and representative embodiments

shown and described herein. Accordingly, various

modifications may be made without departing from the

10 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.



a head conducting a read/wite operation of data with respect to said
Tecording magnetic |ayer of said disk nedium 10 an actuat or nounflitn$AR 06
head for noving the head in a radial direction on said disk nedium and a
device applying a direct current magnetic field having an intensity of a
predeterm ned magnetic field in a Iongitﬂdinal di rection where the axi al
direction of 15 said disk nediumis set i'n a perpendicular direction, said
device being |ocated at a position spaced fromthe head but adjacent to
the di sk medtbM¥Ad where the intensity of the magnetic field acting upon
t he head becones | ess than the predeterm ned value. 20 4. The disk drive
according to claim3, wherein said device is a permanent magnet. 5. A disk
drive conprising: 18 MAR 2005 23 a disk medi umwhich is a doubl e-I|ayered
data recordi bhg nedi anibari dgiee nagneticingcordi ng | ayer and a soft
magnetic layer; a head conducting a read/wite operation of data with 5
respect to said recofdpomdapnet heitByes af dsabdedilskye rRMidd8a
5 recording medium having a magnetic recording layer and a soft
magnetic layer;
a head conducting a read/write operation of data with
respect to said recording magnetic layer of said disk medium;
an actuator mounting said head for moving the head in
10 a radial direction on said disk medium; and
a device applying a direct current magnetic field having an
intensity of a predetermined magnetic field in a longitudinal
direction where the axial direction of said disk medium is set
in a perpendicular direction, said device being constituted
15 so as to generate a magnetic field which has a maximum value
of the intensity of the magnetic field corresponding to the
longitudinal direction of said disk medium, the value being
larger than the anisotropic field of said soft magnetic
layer, being smaller than the coercive force of said
20 magnetic recording layer, and being provided at a location
where the intensity of the magnetic field which acts upon said

head with the generated magnetic field becomes less than the

predetermined value.



an actuator nounting said head for noving the head in a radial direction
on said disk nedium and a device applying a direct current nmaghdt MaR P! d
t0 having an intensity of a predeterm ned magnetic field in a |ongitudinal
direction where the axial direction of said disk nediumis set in a
perpendi cular direction, wherein said digk medium said head, said
actuator, and a drive nmain body for acconhbdating said device 15 is
constituted of a casing made of a ferromagnetic nagnetic  substance. 6. A
di sk drive cénfisidHGK &rdivek areairdrmahFenci’di® dbubbee¥ayerd dafavice
recording 20 nedium having a magnetic recording |ayer and a soft magnetic
| ayer; a head condugtdmmprentead/omstt.e operation of data with respect to
said recording magnetic |layer of said disk nedium an actuator nounting
sai d head and having a voice coil notor 25 for noving the head on said
disk mediumin a radial direction; 18 MAR 2005 24 a magnetic device
constituted BNt ggpAkky it tdnpRDsehgenber of said voice coil motor to
apply a direct current magnetic field having a predeterm ned intensity of

magnetic field i kengitudinaly, dig es i%”d%%%ﬁ%§ﬂ9ﬂQ§ t 5 hori zont al
directiongin thegcgég9 ere Fﬂe 5§%al irection of séﬂ%jd?% “mediumis set
as a perpendicul ar,.direction. i sk drive accordin

7. The d to_claimé6
wherei n Sai d°SREGRAMIS Tedtrli R FHTer Br oG i ke HedT Uk 1875 T &b f ng
soft magnetic layer;
a head conducting a read/write operation of data with
respect to said recording magnetic layer of said disk medium;
10 an actuator mounting said head for moving the head
in a radial direction on said disk medium; and
a device applying a direct current magnetic field having
an intensity of a predetermined magnetic field in a
longitudinal direction where the axial direction of
15 said disk medium is set in a perpendicular direction, said
device being located at a position spaced from the head but
adjacent to the disk medium and where the intensity of the
magnetic field acting upon the head becomes less than
the predetermined value.
20
4. The disk drive according to claim 3, wherein said

device 1s a permanent magnet.

5. A disk drive comprising:



10 layer for recording data with the perpendicul ar nagnetic recording

met hod, and said head has a wite head for witing the data mﬁtg 8 2005
per pendi cul ar magnetic recordi ng nethod. 8. The disk drive according to
claim7, wherein said 15 nagnetic device has a nmagnetic field generation
menber for generating a direct current qggnetic field for uniformng the
magneti ¢ domain of said soft magnetic layér. 9. The disk drive according to

claim?7, wherein said 20 magnetic device is constituted so as to generate a
magnetic field whi 84 SkadnedhaRi Mihchal e df IPR® istkdh¥etgdodaltie magnetic
field corresponding to the longitudinal direction of said disk nedium the
val ue bei ng lmrgerditttamediemm dewiotr epimadniedlid ofeooaidd ngoflia yeagretd & | ayer
and being 18 MAR 2005 25 smaller than the coercive force of said nagnetic
recording | ayeft Mfgnéhecdilskyedr;i ve according to claim7, wherein a drive

S main body accommpdati ng said di sk nedium said head, said actuator, and

said magnetic devhCrehd €OMBidtiHPd Head/G23LBIopaBLLI O &F fRITORAGMEL I C
substance. 11. A disk drive conprising: 10 a disk mediumwhich is a

v ee-1 ayer edeShEUE! s o194 & cd RS BLQRRAL UM Bowi ngr & dmanstde recor ding

| ayer, a sof gnetic Tayer and a“nag iC pinnin ayer; a
conducting a r%ad/wﬁite operation of data with respect to said recording
nedi um of sai"d“di"¥ medi um

an actuator mounting said head for moving the
head in a radial direction on said disk medium; and
a device applying a direct current magnetic field
10 having an intensity of a predetermined magnetic field
in a longitudinal direction where the axial
direction of said disk medium is set in a perpendicular
direction, wherein said disk medium, said head, said
actuator, and a drive main body for accommodating said device
15 1is constituted of a casing made of a ferromagnetic magnetic

substance.

6. A disk drive comprising:
a disk medium which is a double-layered data recording
20 medium having a magnetic recording layer and a soft
magnetic layer;
a head conducting a read/write operation of data with
respect to said recording magnetic layer of said disk medium;
an actuator mounting said head and having a voice coil motor

25 for moving the head on said disk medium in a radial direction;



15 an actuator nounting said head and having a voice coil notor for aning
said head in a radial direction on said disk nedium and a devif ﬁﬂg |ng
a direct current magnetic field approximately in the sane directi'o 40P he
magneti zation 20 direction of the magnetic pining |layer in a |ongitudinal
direction corresponding to a horizontal d%rection in the case where the
axial direction of said disk nediumis se to a perpendi cul ar direction,

said device being |located at. a position spaced fromthe head but adjacent
to the di sk nedi anfagBeMAR S6U3 C26 CORRE IdSE tiTE S Hiahsy tW ot tRe nagnetic
field acting upon the head becones | ess than the predeterm ned val ue. 12.
The di sk driwmegnetomdinhgrt ofckaiimh yYoicehepéilnmedipd Sodeppdy Rsdprest ded at
a position where the intensity of the magnetic field acting upon said head
wi th the genenatett negnetic fidlel chabeagnespleit erhaned tesies etyn ofd val ue.
13. The disk drive according to claim 11, wherein said 10 device is a

per manent mﬂaahem&b@&eléﬂ inThe 1@ g,lit@rdl\ﬁ% la%ﬁ%@!tﬂ&l tdb&legFahéﬂng wherei n
said actuator nounts said head, has a voice coil notor novi ng

sai d head, | n,g, Tadial, diLectian @f 881 Aok, drediyim, 53 dqragngtiy

devi ce |s a magnet nenber constitut integrally wth e magnet nenber of

sald voice Cgll gg%phlsk medium is set as a perpendicular direction.

7. The disk drive according to claim 6, wherein said
magnetic recording layer of said disk medium is a recording

10 layer for recording data with the perpendicular magnetic
recording method, and said head has a write head for writing

the data with the perpendicular magnetic recording method.

8. The disk drive according to claim 7, wherein said
15 magnetic device has a magnetic field generation member for
generating a direct current magnetic field for uniforming

the magnetic domain of said soft magnetic layer.

9. The disk drive according to claim 7, wherein said

20 magnetic device is constituted so as to generate a magnetic
field which has a maximum value of the intensity of the
magnetic field corresponding to the longitudinal direction
of said disk medium, the value being larger than the

anisotropic field of said soft magnetic layer, and being



15. The di sk drive according to claim 11, wherein a drive 20 nmain body
accommodating said di sk nedium said head, and said device is coris8 iMARt 205
of a casing nade of a ferronmagnetic substance. 16. The disk drive
according to claim 11, wherein said 25 magnetic recording |ayer of said
disk mediumis a recording 18 MAR 2005 | ayer for recording data with a
per pendi cul ar magnetic recording nethod, "and said head has a wite head
for witing data with the perpendicul ar nagnetic recording nmethod. 5 17. A
di sk drive c8Rptis8in§han 8P§kcﬁ§6FaﬁﬁmﬁP6ﬁel§faSéé@b@@%@%ﬂ%%xf%ﬁﬁﬁglng
recordi ng nmedi um having a magnetic recording |layer and a soft magnetic

| ayer; a headagemducting a read/wite operation of data with 10 respect to
said recordi ng magnetic |ayer of said disk nedium and an actuator nounting
the head for noving the head in a radial direction on said disk nmedium

10. The disk drive according to claim 7, wherein a drive
5 main body accommodating said disk medium, said head, said
actuator, and said magnetic device is constituted of a casing

made of a ferromagnetic substance.

11. A disk drive comprising:

10 a disk medium which is a three-layered structure data
recording medium having a magnetic recording layer, a soft
magnetic layer and a magnetic pinning layer:

a head conducting a read/write operation of data with
respect to said recording medium of said disk medium;

15 an actuator mounting said head and having a voice coil
motor for moving said head in a radial direction on said
disk medium; and

a device applying a direct current magnetic field
approximately in the same direction as the magnetization

20 direction of the magnetic pining layer in a longitudinal
direction corresponding to a horizontal direction in the
case where the axial direction of said disk medium is set
to a perpendicular direction, said device being located at

a position spaced from the head but adjacent to the disk medium



a device applying a direct current magnetic field having an 15 intensity
of a predeterm ned magnetic field in a longitudinal direction |n1b Nf%ﬁ?
where the axial direction of said disk nmediumis in a perpendicul a
direction; wherein the position of the device and the head does not forma
straight line intersecting the center of rotation of the disk. 18. A

di sk drive conprising: a disk nediumwhich is a three-layered structure
data recording nmedium having a magnetic recording |ayer, a soft 25
magnetic | ay@p a%k?%?rﬁﬂﬁuﬁﬁténEFﬁhlﬁﬁ1#5?@PQHGIBCN@$@ PRI ¥PRBadhe
conducting a read/wite operation of data with respect to said recording
medi um of sahdadi s&comels uhgsa el ddeapylegietgraldedevalvarrent magnetic
field approximately in the sane direction as the nagnetization 5
direction of the magnetic pining layer in a longitudinal direction where
the axial direction of said disk nediumis set to a perpendicul ar

direction; ampactHat @i sWDUREvBgatberbead ter cmavihngithewvheadiandaia voice
coil nmotor for nmoving said head in a radial 10 direction on said disk

medi um 5 device 1s provided at a position where the intensity of the

magnetic field acting upon said head with the generated magnetic

field becomes less than a predetermined value.

13. The disk drive according to claim 11, wherein said

10 device is a permanent magnet member.

14, The disk drive according to claim 11, wherein said
actuator mounts said head, and has a voice coil motor for
moving said head in a radial direction of said disk
15 medium;
said magnetic device is a magnet member constituted

integrally with the magnet member of said voice coil motor.

15. The disk drive according to claim 11, wherein a drive
20 main body accommodating said disk medium, said head, and said
device is constituted of a casing made of a ferromagnetic

substance.

16. The disk drive according to claim 11, wherein said

25 magnetic recording layer of said disk medium is arecording



wherein the position of the device and the head does not forma straight
line intersecting the center of rotation of the disk. 15 18 MAR 2005
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layer for recording data with a perpendicular magnetic
recording method, and said head has a write head for writing

data with the perpendicular magnetic recording method.

5 17. A disk drive comprising:

a disk medium which is a double-layered data
recording medium having a magnetic recording layer and a soft
magnetic layer;

a head conducting a read/write operation of data with

10 respect to said recording magnetic layer of said disk medium;
and
an actuator mounting the head for moving the head in a
radial direction on said disk medium

a device applying a direct current magnetic field having an

15 intensity of a predetermined magnetic field in a longitudinal
direction in the case where the axial direction of said disk
medium is in a perpendicular direction;

wherein the position of the device and the head does
not form a straight line intersecting the center of

20 rotation of the disk.

18. A disk drive comprising:
a disk medium which is a three-layered structure data
recording medium having a magnetic recording layer, a soft

25 magnetic layer and a magnetic pinning layer;
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a head conducting a read/write operation of data with
respect to said recording medium of said disk medium;

a device applying a direct current magnetic field
approximately in the same direction as the magnetization
direction of the magnetic pining layer in a longitudinal
direction where the axial direction of said disk medium is
set to a perpendicular direction;

an actuator mounting the head for moving the head and
a voice coil motor for moving said head in a radial
direction on said disk medium

wherein the position of the device and the head does
not form a straight line intersecting the center of

rotation of the disk.



