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W TH STRUCTURE FOR AVO DI NG DC MAGNETI C DI STURBANCE ON A DI SK %@Rﬂmggz
BACKGROUND OF THE I NVENTION 5 The present invention relates generally to a
disk drive of perpendicular magnetic recording type, and nore
particularly to a nmagnetic disk drive with a structure for avoiding
magneti c di sturbance due to a DC magnetic fi-eld. 10 In recent years, in
the field of magnetic disk drives such as hard disk drives, a

per pendi cul ar magnetic recordi ng nmethod has been attracted public
attention as technol ogy of exceedrrng bRFeThEnifgERfIonecording densities in
a |longitudi nal magnetic 15 recording nethod. As a disk drive that enploys

the perpendi cuMAGNEEJOeDISKr BROVEI RUTHESTRUCTERE BOR RVOEDINGIDTY a
doubl e-l ayered di sk recording nmedium (hereinafter referred to as the disk)
has been comeMAGHEIrZedDI20URRANOESENI AchIsiesSBRBAGBtrate, a recordi ng
magneti c | ayer exhibiting magnetic anisotropy in the vertical direction
and a soft magnetic |ayer | MACKERMEINDAOMWIGE tINYENITONr ate and t he
recording magnetic |ayer. When a magnetic flux is generated
5 The present invention relates generally to a disk

drive of perpendicular magnetic recording type, and

more particularly to a magnetic disk drive with a

structure for avoiding magnetic disturbance due to a

DC magnetic field.

10 In recent years, in the field of magnetic disk
drives such as hard disk drives, a perpendicular
magnetic recording method has been attracted public
attention as technology of exceedinglthe limits of
recording densities in a longitudinal magnetic

15 recording method. As a disk drive that employs the
perpendicular magnetic recording method, a disk drive
using a double~layered disk recording medium
(hereinafter referred to as the disk) has been
commercialized.

20 The disk includes a substrate, a recording
magnetic layer exhibiting magnetic anisotropy in the
vertical direction and a soft magnetic layer
interposed between the substrate and the recording
magnetic layer. When a magnetic flux is generated

25 from one of the magnetic poles of the magnetic head

during a data recording operation, the soft magnetic

layer allows passage of a part of the magnetic flux to



25 fromone of the magnetic poles of the magnetic head during a data

recordi ng operation, the soft nagnetic |ayer allows passage of a part of
the magnetic flux to 2 the other namgnetic pole. Thus, the soft magnetic

| ayer has such a function as to support the recording
magnetic disk. A disk drive of the perpendicul ar

basically utilizes the nmechanismused +n 2he-|ongitudinal magnetic
recordi ng type,
recording nedium Mre specifically, the nagnetic heads used in both

types are subst aMd dJdner hRghefBc HeeMByMBLEe &Re hegf Ohadher ti sk drive
includes a wite head of an  inductive type and a read head having a
(gi ant magnet origsiest iheg) stlcemantfunt@onead a88dsuppdet hewdsreeseiigrneral |y
separated from each other and nounted on one slider. 15 Recently,
devel opment of apdixskidn wE ahet hagnpedpeddskul ar magnetic recording type

reveal ed t hat

except for the aforenentioned doubl e-|ayered di sk

strong magnetic di sturbance occurs on a di sk surface

operation of the
magnetic 5 recording type

GWR

due to

a DC (direct current)A rHgretdrd vie elfd thenpeapedditunbaram®fhetpneti zed regi on
is 20 presuned that a | eakage magnetic field fromthe DC
magnet i zed r egi aredarfdimgncepet besdicsklgsubllimgaethe mecbanddanceed In a
process of manufacturing a disk, an initial

of the disk
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in the longitudinal magnetic recording type, except
for the aforementioned double-layered disk recording
mediuh. More specifically, the magnetic heads used in
both types are substantially the same. The magnetic
head of the disk drive includes a write head of an
inductive type and a read head having a GMR (giant
magnetoresistive) element. The read and write heads
are generally separated from each other and mounted on
one slider.

Recently, development of a disk drive of the
perpendicular magnetic recording type revealed that
strong magnetic disturbance occurs on a disk surface
due to a DC (direct current) magnetic field generated
from a DC magnetized region of the disk. It is
presumed that a leakage magnetic field from the DC
magnetized region influences the disk as DC magnetic
disturbance.

In a process of manufacturing a disk, an initial
magnetizing process of magnetizing the overall disk
surface by a DC magnetic field (or a DC erase process)
is executed prior to track formatting. Most of the DC

magnetized region formed by the initial magnetizing



magneti zi ng process of magnetizing the overall disk 25 surface by a DC
magnetic field (or a DC erase process) is executed prior to track
formatting. Most of the DC nmagnetized region formed by the initial
magnetizing - 3 process on the disk is demagnetized by the formatting for
form ng a nunber of tracks. However, the DC magnetized region in the
initial state remains unchanged as a non-gecord region (a guard band where
5 no data signal is recorded) provided between tracks. It is presuned that
t he | eakage magnetic field due to the DC nmagnetized region causes the

foliowng probfifesoiall @S sl diRadRSEL ;08 %y Nkt Aldnatt ity

reference to FlI a state ere a magnetic head 3

including a reacf&e%r(r@ngvg ehapent br30rhekkocahsfeva@bovind f@r get
track, (a track to be accessed) 100A of a disk 1 in a disk drive of the

per pendi cul ar MagREIdLE zddeGRigdiond ihyR8Be ARidesLr Pt abaVLina DC magneti zed
15 region exists between the track 100A and adjacent tracks 100B.

Therefore, a | ealfageniRe@nels @ hioal-de2Braf regibhe (DCyuRENedd iz diieaq on
i nfluences the magnetic head 3 near the track 100A as nagnetic

di sturbance. Wiemwn e a eddnagad s3@ekcbeludedprovibed nogneddr t2driwrad 3
perfornms a reading operation to read data from the track 100A, the GWR
el ement is influencedthyd lpreswegetthatf tekedldakateo nbgnetbmefield
di sturbance and the
due to the DC magnetized region causes the following
problems. The problems will be described in detail
with reference to FIGS. 6 and 7.

10 FIG. 6 shows a state where a magnetic head 3
including a read head (a GMR element) 30 is located
above a target track (a track to be accessed) 100A of
a disk 1 in a disk drive of the perpendicular magnetic
recording type. As described above, a DC magnetized

15 region exists between the track 100A and adjacent
tracks 100B. Therefore, a leakage magnetic field 50
from the DC magnetized region influences the magnetic
head 3 near the track 100A as magnetic disturbance.

When the read head 30 included in the magnetic

20 head 3 performs a reading operation to read data from
the track 1007, the GMR element is influenced by the
magnetic field due to the magnetic disturbance and the
operating point thereof shifts. As a result, it is
highly possible that phenomenon, such as asymmetry or

25 saturation, occur in a read signal waveform output

from the read head 30. In other words, the read head

30 may output a read signal whose quality is



operating point thereof shifts. As a result, it is highly possible that
phenonmenon, such as asymetry or 25 saturation, occur in a read signal
wavef orm output fromthe read head 30. In other words, the read head 30
may out put a read signal whose quality is 4 deteriorated, in which case a
read error will easily occur. In a disk drive of the |ongitudinal nmagnetic
recording type, since the disk 1 is DCagnetdzed in 5 the |ongitudinal
direction of the disk 1, substantially no | eakage magnetic field fromthe
DC nmagnetized region is present on the surface of the disk 1 (see FIG

7). Therefore, iecreadahead 38 WhicAOkabBf L URBSEde BYo MEHNEL ié?aﬂlyaur bance
due to a 10 | eakage magnetic field froma DC magneti zed region. gnetic

di st urbance fromdche .DC magnetic region is a technical problemto be
solved in order to comercialize a disk drive of the perpendicul ar
magnetic recordi ng syt emdisikndraveoulll ehkayengdtdiiskal hadgrasorgli ng medi um
A nethod of formng a magnetized region wth the polarity opposite to that
of the recordi ngecoagiey rgbepnsheteethet dbsksli s ppOpesRkET g iior art
relating to the perpendi cul ar magnetic recording (for 20 exanple, Jpn. Pat.
Appl n. KOBAI Pulthiecabngnthidina@- 820&65)on Hofiewkee ,didk sl,method is difficult
‘o substantially no leakage magnetic field from the DC
magnetized region is present on the surface of the
disk 1 (see FIG. 7). Therefore, the read head 30 is
not influenced by magnetic disturbance due to a
10 leakage magnetic field from a DC magnetized region.
Magnetic disturbance from the DC magnetic region
is a technical problem to be solved in order to
commercialize a disk drive of the perpendicular
magnetic recording system using a double-layered disk
15 recording medium.
A method of forming a magnetized region with the
polarity opposite to that of the recording
magnetization between tracks is proposed as prior art
relating to the perpendicular magnetic recording (for
20 example, Jpn. Pat. Appln. KOKAI Publication
No. 10-320705). However, this method is difficult to
commercialize, since a disk must be subjected to a
complicated process. In addition, it is not confirmed
that the influence of magnetic disturbance on the read
25 head is effectively suppressed.
BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide



commerci alize, since a disk nust be subjected to a conplicated process. In
addition, it is not confirned that the influence of magnetic disturbance
on the read 25 head is effectively suppressed. BRI EF SUMVARY OF THE

| NVENTI ON An object of the present invention is to provide 5 a disk drive
of the perpendicular magnetic recording type, which can effectively
suppress influence of nmagnetic disturban&e due to a DC nagnetized region
on a disk. 5 In accordance with one aspect of the present invention,
there is provided a disk drive including a structure to avoid nagnetic

di sturbance on a disk dsivéase.tHdepdhhsdndirduia € aMRinesds acagaehyc head
having a 10 wite head for witing data on a data recordi ng nedium by a
per pendi cul ar nagpe} i eht el ocak nef feed thioek landupread Hedd ukacer ed@di ng dat a
fromthe data recording nedium and a disk recording nedi um provided with
a plurality ofmagaekscadisiatzbancg ahse ftor =t0fF imagneatiaetlS regibheanby t he
write head and a non-recording region provided between tracks kept in an
AC magneti zed st2adéskor a random magnetized 'state. BRI EF DESCRI PTI ON OF
THE SEVERAL VIEWS OF THE DRAWNG FIGS. 1 and 2 are diagrans for explaining
a 20 strueture of a dnsaceprdircyerpendinlagpaniges ithe present

invention, there is provided a disk drive including a
structure to avoid magnetic disturbance on a disk
surface.
The disk drive comprises a magnetic head having a
10 write head for writing data on a data recording medium
by a perpendicular magnetic recording method and a
read head for reading data from the data recording
medium; and a disk recording medium provided with a
plurality of tracks as data regions for storing data
15 written by the write head and a non-~recording region
provided between tracks kept in an AC magnetized state
or a random magnetized state.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIGS. 1 and 2 are diagrams for explaining a
20 structure of a disk of the perpendicular magnetic
recording type according to an embodiment of the
present invention;
FIG. 3 is a diagram showing a main part of a disk
drive according to the embodiment;
25 FIG. 4 is a diagram for explaining a structure of
a double-layered disk according to the embodiment;

FIG. 5 is a diagram for explaining a servo write



recording type according to an enbodi ment of the present invention; FIG 3
is a diagramshowing a main part of a disk drive according to the
enbodiment; 25 FIG 4 is a diagramfor explaining a structure of a
doubl e-l ayered di sk according to the enbodinent; FIG 5 is a diagramfor
explaining a servo wite - 6 - step of the enbodinent; FIGS. 6 and 7 are

di agrans for explaining a problemof tshe gonventional disk drive of the
per pendi cul ar magnetic recording type; 5 FIG 8 is a diagramfor explaining
a first nodification of the enbodinment; FIG 9 is a diagramfor explaining
a second nodifisgat @F ehet Babeabadheent; and FIG 10 is a di agram show ng
a magnetic field 0 characteristic of a GWR el enent according to the

enbodi nent. DETAI LED rESCRIGPEhAN70E r EHE 1 hHIYENS | £k AsxsndbDeingerd of the
present invention will be described with reference to the acconpanying

drawi ngs. 15 ( probdemr efotha Poakebtiveal AdilsskdtivyeodftHdi s enbodi nent
is assuned to be a magnetic disk drive of the perpendicul ar nmagnetic
recordi ng type. paspehovcuile rFin&gn8titheedosdinly i vgpeconpri ses a drive
mechani smincorporated in a drive
5 FIG. 8 is a diagram for explaining a first
modification of the embodiment;
FIG. 9 is a diagram for explaining a second
modification of the embodiment; and
FIG. 10 is a diagram showing a magnetic field
10 characteristic of a GMR element according to the
embodiment.
DETAILED DESCRIPTION CF THE INVENTION
An embodiment of the present invention will be
described with reference to the accompanying drawings.
15 (Structure of a Disk Drive)
A disk drive of this embodiment is assumed to be
a magnetic disk drive of the perpendicular magnetic
recording type. As shown in FIG. 3, the disk drive
comprises a drive mechanism incorporated in a drive
20 main body, i.e., a casing 7 (the upper cover thereof
is not shown). The drive mechanism includes a disk 1,
a spindle motor (SPM) 2 and an actuator.
The actuator comprises an arm 4 including a
suspension on which a magnetic head 3 is mounted, and
25 a voice coil motor (VCM) 5 which moves the arm 4 in

the radial directions on the disk 1. The actuator

moves the magnetic head 3 in the radial directions on



20 main body, i.e., a casing 7 (the upper cover thereof 1is not shown). The
drive nmechanismincludes a disk 1, a spindle nmotor (SPM 2 and an
actuator. The actuator conprises an arm4 including a suspension on which
a magnetic head 3 is mounted, and 25 a voice coil motor (VCM 5 which
noves the arm4 in the radial directions on the disk 1. The actuator noves
the magnetic head 3 in the radial directions -on 7 the disk in a data

read/ wite operation. Wien the data read/wite operation is ceased, the
actuator executes an unl oading operation to nove the magnetic head 3 away

fromthe disk 1the pardk iin andatbarpall/weIber op8Lit ShwWN)wH&calRd out si de
the disk 1. The magnetic head 3 includes a wite head of an i nductive type

and a read head dera ngzal/GYRtel epephtionhishcassedepeiatast fatw each ot her
and mounted on one slider. The casing 7 includes a circuit board 6 on 10
whi ch a preanpl iefikiesuteisr eni undpddihg bpkeahiennobointede thihengyresui ifier
circuit is connected to the nmagnetic head 3 through an FPC (flexible print
cabl e), therebyhaadads@viatyi fgom thadfinskt @ togpatk (Stinuc wraanpof a Di sk) 15
As shown in FIG 4, the disk 1 has a double- |ayered structure including a
r ecor di ng Smagnetiegbexy dnot2shewhi bl ocagedngueside athesaligdpyl.i n the vertica
direction and a soft magnetic |ayer 22 interposed
The magnetic head 3 includes a write head of an
inductive type and a read head having a GMR element,
which are separated from each other and mounted on one
slider. The casing 7 includes a circuit board 6 on
10 which a preamplifier circuit and the like are mounted.
The preamplifier circuit is connected to the magnetic
head 3 through an FPC (flexible print cable), thereby
transmitting a read/write signal.
(Structure of a Disk)
15 As shown in FIG. 4, the disk 1 has a double-
layered structure including a recording magnetic layer
24 exhibiting magnetic anisotropy in the vertical
direction and a soft magnetic layer 22 interposed
between a substrate 21 and the recording magnetic
20 layer 24. The substrate 21 is made of aluminum or
glass material. An intermediate control layer 23 may
be interposed between the soft magnetic layer 22 and
the recording magnetic layer 24. A surface protecting
layer 25 is formed on the recording magnetic layer 24.
25 As shown in FIG. 1, in the disk 1 of the above

structure, a number of tracks 100 are formatted on a

data surface (the recording magnetic layer 24) to form



bet ween a substrate 21 and the recording magnetic 20
substrate 21 is nmade of alum numor glass material.
control layer 23 may be interposed between the soft
the recording magnetic layer 24. A surface protecting
on the recording magnetic |layer 24. 25 As shown in FI

| ayer 24. The

An internedi ate

magnetic | ayer 22 and
| ayer 25 is forned

G 1, inthe disk 1 of

the above structure, a number of tracks 190 -are formatted on a data

surface (the recording nagnetic |ayer 24) to form38
radial directions. Each track 100 is divided into se

concentric circles in
rvo areas and data

areas as wll herestdikedikayes. iAheadaha Q&f £dct SoA$ed gL StioFR K user

data and divided into a plurality of data 5 sectors.

The servo area i s used

to store servo daig isf @ividedt iaRoCeBETe! hirdgst ied n@anetd cedeads Jit1g a

target track of the disk 1. As shown in FIG 2, the d

isk 1 includes not

only the trackel@@sshdbeddatget00DrREeedatsostes bsitusdsaad stldrenon-si gnal

region (corresponding to a guard band, hereinafter re
200 between adjuaseentdatteacks HQ0ided theoGB presa PDy
repeated at a high frequency is recorded by perpendi

ferred to as GB area)

&f reegetic  pattern
cul ar magnetic

recordi ng.> | n otsesrtomsr.ds TheheetSoGBraaeas 208ed st keptora ssarvAC dadlat er nat e

current) nmagnetized state, not a uniform DC (direct

current) magnetized

state as in the foanpestitdearcgnskolling the magnetic head 3 to a

target track of the disk 1.

As shown in FIG. 2, the disk 1 includes not only

the tracks 100 where data 100D are recorded but also a

10 non-signal region (corresponding to a guard band,

hereinafter referred to as GB area) 200 between

adjacent tracks 100. 1In the GB area 200, a magnetic

pattern repeated at a high frequency is recorded by

perpendicular magnetic recording. In other words, the

15 GB area 200 is kept in an AC (alternate current)

magnetized state, not a uniform DC (direct current)

magnetized state as in the conventional disk.

Alternatively, the GB area 200 may have a random

magnetic pattern, that is, it may be in a random

20 magnetized state. It is preferable that the frequency

of an AC magnetic pattern recorded in the GB area 200

be equal to or higher than the maximum

frequency of the data 100D recorded in

recording

the track 100.

In FIG. 2, the symbol TW denotes a track width. The

25 arrow DD indicates seek directions of the magnetic

head 3, i.e., the radial directions of

the disk 1.



Alternatively, the GB area 200 may have a random nagnetic pattern, that
is, it may be in a random 20 magneti zed state. It is preferable that the
frequency of an AC magnetic pattern recorded in the GB area 200 be equal
to or higher than the maxi numrecording frequency of the data 100D
recorded in the track 100. In FIG 2, the synbol TWdenotes a track w dth.
The 25 arrow DD indi cates seek directiens %f -t he magnetic head 3, i.e.,
the radial directions of the disk 1. 9 - (Functions and Effects) In the

di sk drive of this enbodinent, as shown in FIG 2, the magnetic head 3 is
noved to a target tragfknct®Bnenahbeedfsktd) by drive control of the actuator
5 (VCM5) in a data read/wite operation. In the data read operation, the
data 100D magnetical iy theodde’ dnivéhefttlaik Sifbdimentdi raectshown in
perpendicular to the disk is read out by the read head (GWR el enent)
included in theIGagletthednasgnd8tidthdad tdiis embdl menta, thgeGBtanel 200
between the tracks is not in a uniform DC nagnetized state but in an AC
magneti zed st at @08t oa hhghdiskqlengydoiven caridom afadiet iaxddagbat e.
Therefore, the | eakage magnetic field froma DC nmagnetized regi on does not
i nfluence515 t héVEYrbhcénod dabkadieddwrite mpenatimrds, Imaghet deta

di sturbance due to a DC magnetic field fromthe GB area 200 influences
little the readrﬁégdogﬁﬁaga@h}nghe data 100D magnetically recorded in

the track 100  in a direction perpendicular to the disk
is read out by the read head (GMR element) included in
the magnetic disc 3.

10 In this embodiment, the GB area 200 between the
tracks is not in a uniform DC magnetized state but in
an AC magnetized state at a high frequency or a random
magnetized state. Therefore, the leakage magnetic
field from a DC magnetized region does not influence

15 the surface of the disk 1. 1In other words, magnetic
disturbance due to a DC magnetic field from the GB
area 200 influences little the read head approaching
to the track 100. Therefore, the read head can output
a signal of a substantially normal read signal

20 waveform, not a read signal waveform whose signal
guality is deteriorated by the magnetic disturbance.
As a result, when the data recorded in the track 100
on the disk 1 by perpendicular magnetic recording is
reproduced, a read errér caused by the magnetic

25 disturbance is suppressed and accurate data can be

restored.



to the track 100. Therefore, the read head can output a signal of a
substantially normal read signal 20 waveform not a read signal waveform
whose signal quality is deteriorated by the magnetic di sturbance. As a
result, when the data recorded in the track 100 on the disk 1 by

per pendi cul ar magnetic recording is répré ucéd, a read error caused by the
magneti c 25 di sturbance is suppressed and accurate data can be restored.
10 (Magnetic Field Characteristic of a GVR Elenent) FIG 10 is a diagram
showi ng a nmagnetic fi¥egneéigr §éedpi Shpeacperiptis vel »fCMR Gk enardnent used
as the read head in;j deg in the magnetic head 3 of the 5 enbodinent. It
is assumed that the arda of tRe2DElRHGABt FHRULNG o) BFIRRLEE B &hPa bet ween

tracks is S, saturation_.residyal netizatjon of the recording nagnetic
layer 24 is M © ﬁ&a§%§§é8§ﬁ§ gé’t" e‘ﬂ”’t‘ﬁ’e) aﬁ@a&éﬁ%ﬁq@%n& é‘ﬁegoaﬁ and the
read head is d. _Under these conditions, the nmagnetic fie H external ly
applied to the ,tggdrﬁggdﬁeﬁg éBB:LBS%?ﬁa%%d@%?/ RS ot d?ﬁ%ﬁjg%eqlétﬁﬂl&n (1) 1
H=4,cM~x 47r [ d2r2 ... (1) 15 In general, a special-purpose
tester caPIed gggggﬂinggér is used to nmeasure the sensitivity of a GWR

element. The tester %QphgeﬁsguﬂghfQﬁg%nﬁﬂgeéégaféflﬁhe DC magnetized

region of a GB area between tracks is S, saturation
residual magnetization of the recording magnetic layer
24 is M, and a spacing between the surface of the disk
10 1 and the read head is d. Under these conditions, the
magnetic field H externally applied to the read head

is approximated by the following equation (1):

1
H = 4nM - amMd(2s/ p+d2) 2 cee (1)
15 In general, a special-purpose tester called a p-
H tester is used to measure the sensitivity of a GMR
element. The tester applies a uniform magnetic field
to the GMR element and measures a changé in output
voltage (amplitude pV) of the GMR element with respect
20 to an externally applied magnetic field (including
disturbance magnetic field). FIG. 10 shows a
representative measurement result, i.e., a magnetic
field application characteristic (p-H curve) of a GMR
element.
25 As is evident from FIG. 10, in a range that the
applied magnetic field is #b(+100X[1/(4x ) X1000]A/m),
the output voltage (amplitude) is substantially

proportional to the applied magnetic field.



to the GWR el ement and neasures a change in output voltage (anplitude pV)
of the GWR elenent with respect 20 to an externally applied magnetic field
(including disturbance magnetic field). FIG 10 shows a representative
measurenent result, i.e., a magnetic fiel g application characteristic (p
-H curve) of a GVR elenment. 25 As is &vi dént fromFI G 10, in a range that
the applied magnetic field is b (100x [1/ (4 sz)lxloooLA/n) i' éhe outfyt
voltage (anplityde) is substanti all roportional to the applied magnetic
el 0% 0P hoieeetin L2° sadgbdenknabh R apppp b hepene e d LBl aid 45 d

t | t hi bi t nonl i near
E)(Zaggci E)rll %é;) ti)r%‘g’%%]ﬁ E%/(%tﬁg%ef%&f%/éﬁ\{)g itg'geglﬁuqc)(g:f‘*lltt IP(@_?E%H&}(? o:‘ -”}(300x
/ (4, 1000 a.th I I at yr at ed. ref ore, e
goLéi E?oﬁl)i‘(or kjgg&q%)d“ttshg %;dsqur%ggégt %%ﬁggéﬁ%ﬁzt @?%l?n &hee ﬁélechmsnt st abl e

in i behayj.ar. g 1 h i netjic field.js 100x [1/ (4,t)
C1000) Ay o1t Hepoerd ol Ble1UnTSRERY 65 PRETELGS (0F e ldadk 1 b

x1000] A/my 1S yni/fqry %1%@%!]@?92[3&{ 86 B MpgRel faeds T el an ol .&hrerayGB

area as a disturbance magnetic cor di ng® ~ nagne

exceed a(60x [11 (4, Bhord@dL fhe cohBithbd £87Crelfifng qAf@dUCti on out put
of the GWR 15 elenent will be nonlinear and unsta .

reproduction output from the GMR element stable in
linear behavior is that the applied magnetic field is
tb(+100X [1/(4 ) X1000]A/m). If the magnetic field

10 of, for example, +A(+40X[1/(47m)X1000]A/m) is
uniformly applied from the DC magnetized region of the
GB area as a disturbance magnetic field, the recording
magnetic field may exceed 1o (+60X[1/(4xm)X1000]A/m).
In this case, the reproduction output of the GMR

15 element will be nonlinear and unstable.

Therefore, if the leakage magnetic field from the

GB area is at most about 15% of the range of the
applied magnetic field H in which the p-H curve is
substantially unsaturated, it is presumed that the GMR

20 element operates almost normally and outputs a
reproduction signal within acceptable limits.
Accordingly, if the area S of the DC magnetized region
of the GB area 200 is limited within or under the
range that satisfies the following formula (2), the

25 effect of the embodiment described above can be

attained:

E
H x 0.15> 4nM — 4nMd(2s/ ;+d2) 7 oo (2)



Therefore, if the | eakage magnetic field fromthe GB area is at nost about
15% of the range of the applied nagnetic field Hin which the p-H curve is
substantially unsaturated, it is presuned that the GVWR 20 el enment operates
al nrost normally and outputs a reproduction signal w thin acceptable
limts. Accordingly, if the area S of the DC nmagnetized region of the GB
area 200 is limted within or under the nange that satisfies the follow ng
formula (2), the 25 effect of the enbodi nent descri bed above can be
attained: 1 Hx 0.15 > 4, tM- 4datMI(2S/ 7t+d2r 2 ... (2) 12 (Process of

Manuf acturing a Di sknpy@%éy§s%flMggugggtgg@ggigeggskﬁ formatted as shown
in FIG 2 by a manufacturing process describéd in the followng. Prior to

the track formatting 9LRiiBK A JffokRenembbashent00s tbemovesaldssurface of
the disk 1 is subjected to a process of recording a AC magneti zed pattern

at a high frequemewn ThemIict.he byrackaharastti gy i srPesd Ord@skr bdd t he
result that the GB area 200 other than the track 100 regi on can be 10 kept

in the AC magnetiinzethestfatld oating.hi ghibreguetny. t rdbk efspestifimpldtep t he
process of manufacturing a disk drive generally includes a servo wite
step of ﬁkitingoaeiwmmdagattackhelOOerahé suefatk sfrfdee dBkihe
disk 1 is subjected to a process of recording a AC
magnetized pattern at a high frequency. Then, the
track formatting is performed, with the result that
the GB area 200 other than the track 100 region can be
10 kept in the AC magnetized state at a high frequency.
More specifically, the process of manufacturing a
disk drive geherally includes a servo write step of
writing servo data to the overall surface of the disk
1. In the servo write step, servo areas 400 for
15 storing servo data 400D are formed at regular
intervals along the circumferential direction 402 of
the disk 1, as shown in FIG. 5. The area between the
servo areas 400 constitutes a data area 401 for
storing normal data. In other words, assuming that a
20 servo area 400 and a data area 401 constitute one
block, each block comprises a plurality of blocks
arranged along the circumferential direction.
In the servo write step described above, a
special-purpose device called a servo writer causes
25 the magnetic head 3 to seek the overall surface of the
disk 1 including the areas between the data tracks, so

that servo data is recorded by the write head.



1. In the servo wite step, servo areas 400 for 15 storing servo data 400D
are formed at regular intervals along the circunferential direction 402 of
the disk 1, as shown in FIG 5. The area between the servo areas 400
constitutes a data area 401 for storing normal data. In other words,
assumng that a 20 servo area 400 and a data area 401 constitute one

bl ock, each bl ock conprises a plurality ofi3blecks arranged al ong the
circunferential direction. In the servo wite step described above, a
speci al - purpose device called a servo witer causes 25 the magnetic head 3

to seek the ovengldoruiiae® ehishemdushedt] Nthugho0sé oo 3y £ase hatggen the
data tracks, so that servo data is recorded by the wite head. - 13

According to thisllenkad mrbs 401t Benser YRaW the SéfPo abdds @ areas 401
ot her than the servo areas 400 are subjected to a process of recording the

AC magnetized patdjectetDID at paokiegh bregueogyiby BRENSC ahadherivdd e 5
head. As a result, when the disk drive is nornmally operated, the user data
is recorded in thetterackd 1D wtii kehtibh ACegugneyilzgdugats evh A0 visi teept
recorded in the GB area 200. A step of recording an AC magnetized pattern
on 10 the over dldadsur f ce aofreshéd tdi shenmayhbed aslkedr be¢ of® ndtmakler vo wite
step. As described before, a random nagnetized pattern nmay be recorded in
pl ace of the ACoperated, the user data is recorded in the tracks,
while the AC magnetized pattern 401 is kept recorded
in the GB area 200.
A step of recording an AC magnetized pattern on
10 the overall surface of the disk may be added before
the servo write step. As described before, a random
magnetized pattern may be recorded in place of the AC
magnetized pattern.
(First Modification)
15 FIG. 8 shows a first modification of the above
embodiment. In the above embodiment, the AC
magnetized region is formed only in the data area 401.
In contrast, according to this modification, an AC
magnetized region 700 is formed also in the servo area
20 400, as well as in the data area. The AC magnetized
region 700 is formed in the same manner as in the case
of the above embodiment: a high-frequency magnetic
pattern equal to or higher than the maximum recording
frequency in the drive is recorded by perpendicular
25 magnetic recording, thereby forming the AC magnetized

region 700. The AC magnetized region 700 is a non-

signal region where no servo data (servo signal) is



magnetized pattern. (First Mdification) 15 FIG 8 shows a first

nodi fication of the above enbodinent. In the above enbodi nent, the AC
magneti zed region is forned only in the data area 401. |In contrast,
according to this nodification, an AC magneti zed region 700 is forned al so
in the servo area 20 400, as well as in the data area. The AC nagneti zed
region 700 is fornmed in the sane nmanner ag4i n-the case of the above

enbodi ment: a high-frequency nmagnetic pattern equal to or higher than the
maxi num recording frequency in the drive is recorded by perpendicul ar 25

magneti c recor difghoddeer QY totnliaRg ¢BEiAk BBENELAZE8Hgnd UOM Y. . The AC
magneti zed region 700 is a non- signal "regi on where n0 servo data (servo

signal) is 14 recamedonveheundany dieg, onnhbetyees sigpalsrggions). In the
conventional disk, the servo area is a uniformy DC magneti zed (DC erase)

region. Wth therslfoeenlst DICindagactWaed (be engselicehpad. 5 3 travels
within the servo area 400 and reads servo data by neans of the read head,
the possibility of thethr ede dadebaitmgcitnkkbyenhen byenagmesttc dieddir bance
fromthe uniformy DC magnetized region is remarkably reduced.
Accordi nglsy, whén treerelsadiltbdad tépr eduvesatfaséddoandt eadletsssvay ati on of
the signal quality due to magnetic disturbance is avoided, with the result
t hat data by means of the read head, the possibility of the
read head being influenced by magnetic disturbance
from the uniformly DC magnetized region is remarkably
reduced. Accordingly, when the read head reproduces
10 servo data, deterioration of the signal quality due to
magnetic disturbance is avoided, with the result that
high-quality servo data can be reproduced.
(Second Modification)
FIG. 9 shows a second modification of the above
15 embodiment. In this modification, instead of AC
magnetizing the GB area as in the above embodiment,
residual magnetization (remanence) of the GB area is
substantially zeroed. With this structure, when the
magnetic head 3 is located above the target track 100
20 as shown in FIG. 8, influence of magnetic disturbance
on the read head, due to leakage magnetic field from
the GB area 200, can be effectively suppressed.
In general, it is confirmed that, when the
magnetic disk 1 receives an attenuating alternate
25 magnetic field or heated to a certain degree, the

magnetization turns to a random state and the

remanence on the disk surface is substantially zero.



hi gh-quality servo data can be reproduced. (Second Mdification) FIG 9
shows a second nodification of the above 15 enbodinent. in this

nodi fication, instead of AC magnetizing the GB area as in the above

enbodi ment, residual magnetization (remanence) of the GB area is
substantially zeroed. Wth this structure, when the magnetic head 3 is

| ocat ed above the target track 100 20 as ghowa in FIG 8, influence of
magneti ¢ di sturbance on the read head, due to | eakage nagnetic field from
the GB area 200, can be effectively suppressed. In general, it is confirned

that, when the raagnefhCtHiskmddl eeheon ANtidd tORIALI NG\ ARINJFe théd
magnetic field or heated to a certain degree, the nagnetization turns to a

random state andikhelir egapep§ecosdt e &h SKC Sahafeet iz i Pravddsa!l by zero.
15 Thus, in this nodification, the overall surface of the disk 1 is

subj ected to anhAgtdasmrggrétikhggPpOcESSs Ofridieato dgreagiteidkzi ng process
prior to the track formatting. As a result, the overall surface of the 5
di sk is kept infarmahddmynaghst azeedssiaf eclfe owddall e acemifenthbe i S
zero). As described above, according to the enbodi mnent of the present
inventionp in tHéskayaekeptdiskadrandom ahagiet imrderiditeul @m midodt i c
recordi ng type using a 10 doubl e-l ayered di sk, influence of nmagnetic
di st ur bance the remanence is zero).
As described above, according to the embodiment
of the present invention, in the magnetic disk drive
of the perpendicular magnetic recording type using a
10 double-layered disk, influence of magnetic disturbance
from the disk on the read head in particular can be
effectively suppressed without requiring a complicated
processing step. Consequently, the data recorded by

perpendicular magnetic recording can be reproduced

15 accurately and stably.



fromthe disk on the read head in particular can be effectively suppressed
w thout requiring a conplicated processing step. Consequently, the data
recorded by perpendicul ar magnetic recording can be reproduced 15
accurately and stably. 16 WHAT IS CLAIMED IS | ~~ IIl~l 11111 i ~) ! CL
MS 1. Adisk drive conprising: a magnetic head having a wite head for
witing data on a data recording nmedi um byo a -per pendi cul ar 5 magnetic
recording method and a read head for reading data fromthe data recording

medi um and a di sk recording nedium provided with a pl uralg S
data regions for storing data wi #WHal b§ CLAEMEP| I®: headaij”mf“mr“mlnmr
non-recording region provided 10 between tracks kept in an* AC magnétiyed
state or a random magnetd z@bsistdtiare zomRpdisseddri ve according to claim 1,
wherein the disk recording nediumis a double-layered recording medium
havi ng a recordi ng ma@redgret iy diegdbrhamsng ¢ wig tgahga8ndos Ysitingignetic

| ayer interposed, between the recordjng magnetic |layer and a substrate. 3.
A di sk drive accd?tR P td B HECORHACeMeANE R¥ner BESPANAECEERT on of the

di sk recording nedium.is kept in a state where an AC nmagpetized pattern is
20 recordeg at dFIRGuENSF nQ(TQ£EQﬁ 3t f§A% ead for feadirg

data from the data recording medium; and

a disk recording medium provided with a plurality
of tracks as data regions for storing data written by
the write head and a non-recording region provided

10 between tracks kept in an AC magnetized state or a
random magnetized state.

2. A disk drive according to claim 1, wherein
the disk recording medium is a double-layered
recording medium having a recording magnetic layer for

15 storing data and a soft magnetic layer interposed
between the recording magnetic layer and a substrate.

3. A disk drive according to claim 1, wherein
the non-recording region of the disk recording medium
is kept in a state where an AC magnetized pattern is

20 recorded at a frequency equal to or higher than a
maximum frequency of a signal magnetic field recorded
in the tracks.

4. A disk drive according to claim 1, wherein
the non-recording region of the disk recording medium

25 is kept in an AC demagnetized state.
5. A disk drive according to claim 1, wherein

the read head has a GMR (giant magnetoresistive)



maxi mum frequency of a signal magnetic field recorded in the tracks. 4. A
di sk drive according to claim1, wherein the non-recording region of the
di sk recording nmedium 25 is kept in an AC denagneti zed state. 5. A disk
drive according to claim1, wherein the read head has a”mﬂ”ﬂﬂ
magnetoresi stive) 11111111 1112111121121 11121121 1111 17 L mgﬂui””w‘d
reads data recorded by the perpendicul ar Ilgmetic recordi nd méthéd whid e
it is close to a surface of the disk recording medium 6. A process for
manuf acturing a disk drive of a 5 perpendicular magnetic recording type,
conprising: a reebedemy ateprdads rdader dievg raledABymagaepezpendpati&rn at a
hi gh frequency or a random nagneti zed pattern on an overall surface of the
di sk recordi ng maghemic arrtdtling medhodomitlei A $eeplbse tording a
plurality of tracks on the overall surface of the disk recording medium
with an area betfeefreheof ridik Hisdt regorgdingnmeddd®r di ng region. 7. A
process according to claim6, further 15 conprising a servo wite step for
recording a servo si§nal®iprecgiedaemAmEgcderigdapedisk drtvevefad|

surface of the disk recording nedium wherein the recording step for
recording an AC PRERPRAT Y@ rattagnetic recording type, comprising:

a recording step for recording an AC magnetized
pattern at a high frequency or a random magnetized
pattern on an overall surface of the disk recording
medium; and

10 a track formatting step for forming a plurality
of tracks on the overall surface of the disk recording
medium with an area between the tracks left as a non-
recording region.

7. A process according to claim 6, further

15 comprising a servo write step for recording a servo
signal in a predetermined servo area of the overall
surface of the disk recording medium, wherein the
recording step for recording an AC magnetized pattern
at a high frequency or a random magnetized pattern is

20 performed with respect to the overall surface of the
disk recording medium except for the predetermined
5ervo area.

8. A process for manufacturing a disk recording
medium for use in a magnetic disk drive of a

25 perpendicular magnetic recording type, comprising:

a step of AC demagnetizing an overall surface of

the disk recording medium; and



at a high frequency or a random nagneti zed pattern is 20 perforned with
respect to the overall surface of the disk recording nmediumexcept for the
predeterm ned servo area. 8. A process for manufacturing a di sk recording
medi um for use in a nagnetic disk drive of a 25 perpen ﬁﬂﬁl ﬂn
recording type, conprising: a step of AC denagnet|2|ngT ‘uau uﬂ ce
of the disk recording medium and 11114118811111111111*11%11%11"* ZS -

Ma track formatting step for formng a plurality of tracks on the overaII

surface of the disk recording nmediumw th an area between the tracks |eft
as a non- recording regtpack formatting step for forming a plurality

of tracks on the overall surface of the disk recording
medium with an area between the tracks left as a non-

recording region.



