- 1 MAGNETIC DI SK DEVI CE [Detail ed Description of the Invention] [0001]

[ Technical Field to which the Invention Pertains] The present invention
relates to a technique for preventing a data |loss as a result of deletion
of data on adjacent tracks that may occur when data on a given track is
witten repeatedly in a magnetic disk device. [0002] [Prior Art] In recent
years, as magnetic di sk devices achieve, w despread use not only in the
field of conmputer technology but also tn~anot her application such as hard
di sk recorders in place of video tape recorders, the need to increase
capacity of the magnetic di sk UaeHEES DRWAKCPERYE random accessi bl e

| ar ge- capaci byl 0La0Ge B L5t 105002 LHET 2ASLARLY, ) [0003] Fig. 2 shovs a
nechanlsn1oL 301 pi cal magnetic di sk evi ce. e di sk device conpri ses:
magnetic di &s 1 each of which consists of a disk of a non-magnetic

rnatterial_suclc“]:].a as gl ass on W@i€9 an nttic I@.e{iis %ar'na%e , wite heads
for witing ?eaé?‘glﬁé Egjaeglngatl C |g$<1g; eré%dh}e%%l HRa %n}:&l Peéadi ng data
from the magnetic fgéﬂgke;é%¥(§%$ghtion relates to a technique for

preventing a data loss as a result of deletion of data on

adiacent tracks that may occur when data on a given track

is written repeatedly in a magnetic disk devicge.

[0002Z2]

[Prior Art]

In ;ecent years, as magnetic disk devices achieve
widespread use not only in the field of computer techhology
but alsc in another application such as hard disk recorders
in place of video tape recorders, the need to increase

" capacity of the magnetic disk devices, which are random-
accessible large-capacity storage units, grows increasingly.
[0003]

Fig. 2 shows @ mechanism of a typical magnetic disk
device. The disk device comprises: magnetic disks 201 each
of which consists of a disk of a non-magnetic material such
as glass on which a magnetic layer is laminated; write
heads for writing data to the magnetic disks; and read
heads for reading data from the magnetic disks. Typically,
pairs of one write head and one read head constitute an
integrated magnetic head construction 202. The magnetic

disks 201 are held on a single spindle 203. The heads 202



pairs of one wite head and one read head constitute an integrated
magneti ¢ head construction 202. The nagnetic disks 201 are held on a
single spindl e 203. The heads 202 -2 whose nunber corresponds to the nunber
of surfaces of the magnetic disks are attached to arns 204. The arns 204
are configured so that they can be noved onto the disk surfaces by a VCM
(voice coil notor) 205. [00041 In the magnetic disk device, data is witten
and read on areas disposed on the disks as concentric circles, which are
called tracks. Fig. 3 shows the placenent of the tracks 302 on the

magneti c diygksd0humbs AT 3RS 13 SO %rit%?é'eazc{f dppi cal ly

spaced uniformy from each other by a track pitch 303 an track 302

oSl stee BagRC Hias Wbl UIBIRH IR d NARICHRE 2gRosik! Oni g

t he heads an to/from user can witelread

EEHZSrseC?%?g@*@“%&% 3 BBt Rd Ml Sl TR g
witton tBY davet dolce AR B A it er 401 to a hard disk
controller[gﬁggh 402. The HDC
In the magnetic disk device, data is written and
read on areas disposed on the disks as concentric circles,
which are called tracks. Fig. 3 shows the placement of the
tracks 302 on the magnetic disk 301. The tracks 302 are
- disposed so that they are typically spaced uniformly from
each other by a track pitch 303 and each track 302 consists
of servo areas where information that is needed for
positioning the heads and data areas to/from which a user
can write/read data. Further, each data area can be
divided into minimum accessible units called sectors.
[0005]
Fig. 4 shows basic components required for

writing/reading data on/from the magnetic disk device.



402 determ nes an address or the head, track and sector nunber to which
the data is witten and issues a conmand to a servo controller 404 to nove
a wite head 407 to a specified sector position. Based on servo
information that is witten on the nagnetic di sk 409 and obtained via a
R'W anplifier 406 and a R/ Wchannel 405, the servo controller 404 noves
the wite head to the track in which the desired sector resides. [0006]
The HDC 402 outputs the wite data to the RFW channel 405 in

synchroni zation with the sector specified on the track of the rotating
magnetic di sk 409. The wite data is encoded into a format suitable for

witing i nwhée tiRé\Wabannel wé@btand the &avampl séher£46m anHosthen, the
encoded wite date is witten on the magnetic disk 409 by a wite head

407. Here, cbhpliBet04be 06t a@dnhkat dibr €sherbLvar {APChOFb2CONMK HDE S
typically stored in a data buffer 403 once and, then, sent fromthe data

buffer 4034p9 HbBeeBRhYheshanngharbss bhethei hehd, | sr&8Rd4nal 988¥brAl SO when
the data is read, the head is positioned on the track where the desired

,SAfGtCte?rt Lgsf_xgﬁﬁeknté WRRBA the! Bhtar ikOwkhetenCanicisbies Jat Bohmalilll EbEN-

a servo controller 404 to move a write head 407 to a
specified sector position. Based on servo information that
is written on the magnetic disk 409 and obtained via a R/W
amplifier 406 and a R/W channel 405, the servo controller
404 moves the write head to the track in which the desired
sector resides.

[0006]

The HDC 402 outputs the write data to the R/W
channel 405 in synchronizaticon with the sector specified on
the track of the rotating magnetic disk 409. The write
data is encoded into a format suitable for writing in the
R/W channel 405 and the R/W amplifier 406 and, then, the
encoded write date is written on the magnetic disk 409 by a
wrife head 407. Here, it is to be noted that the data from
the host computer is typically stored in a data buffer 403
once and, then, sent from the data buffer 403 to the R/W
channel when the writing is ready.

[0007]

Also when the data is read, the head is positioned

on the track where the desired sector resides in a manner

similar to the one when the data is written. After the



head has been positioned, the data is read fromthe nagnetic disk 409 by a
read head 408 in synchronization wth the specified sector, the read
waveformis decoded into the original data by the RR Wanplifier 406 and
the RRW channel 405 and, then, the degoded data is sent to the HDC 402.
Finally, the HDC 402 outputs the data to the host conputer. [0008] The
data is witten or read in the procedure described above. The addresses
specified by the host conputer when it accesses the magnetic di sk device
are called |ogical addresses, which are not always the same as physical
addresses or actual addresses on the disk. A MPU 410 cal cul ates the
correspondhegdphysi baknapgdsdsdenefl; onhet Gathodscakadddremsehespeci fi ed by
t he host conputer 401 and the actual wite/read operation is performed on
the addreaagsetBedishe40vgbet acrdadkhdeadi ¢08i snaggAsRednizaquenti ally,
the data is witten or read in the order of |ogical addresses. [0009] In

order to npetht kel epUtieNBA! skBEokNCERASEBEA RaveFbeonage @apagelly in the
magneti c di sk device configured as described above, various attenpts are

made to i npheyetRe HPEQEARNIAH@ASHYY tRHCR/RSaky1iR¢ER2GDBJaAd! tREKR/W
recordi ng
channel 405 and, then, the decoded data is sent to the HDC
402. Finally, the HDC 402 outputs the data to the host
computer.
[0008]

The data is written or read in the procedure
described above. The addresses specified by the host
computer when it accesses the magnetic disk device are
called logical addresses, which are not always the same as
physical addresses or actual addresses on the disk. A MPU
410 calculates the corresponding physical addresses from
the logical addresses specified by the host computer 401
and the actual write/read operation is performed on the
addresses. When the magnetic disk device is accessed
sequentially, the data is written or read in the order of
logical addresses.

[0009]

In order to meet the requirement for increasing the
storage capacity in the magnetic disk device configured as
described above, various attempts are made to improve a

recording density such as by increasing a track recording

density of the disk, which is a density in the



density of the disk, which is a density in the 5 circunferential direction,
or by reducing the track wwdth as well as the track pitch to increase the
track density. [0010] Fig. 5 shows a structural schematic view of the
wite head. Wen a coil 503 is energizef, a magnetic field is generated
between a floating upper surface portion 504 of a head of an upper pole

pi ece 502 and a | ower pole piece 501 and, then, as this magnetic field
magneti zes the magnetic disk surface, the data is witten. However, under
the circunstance that track w dth becones narrower so as to increase the
recordi ng density as described above, as the tip portion of the wite head
becones naciowamfetreattial dimecitdonnmaprbéysaeduatied bhet heackgmaditb fiel d.
As a result, the magnetic field may not only be generated at the floating
upper surf agewpeont iagn th@4 tazackt piltenw dobénchehsealthe heakckakedsfitem side
surfaces 505. Further, when the track pitch is narrow, this |eakage
magnetic fiiebdoffromthe side surfaces may be spread to adjacent tracks.
Since the |eakage magnetic field is weaker than the nmain wite magnetic

field to wite theigdatg, spyes &fsthecteakagechemateti ¢iéhebd tBespread to

the adj acent tracks, the data on the adjacent tracks may not be affected

i medi at el ¥yrite head. When a coil 503 is energized, a magnetic field
is generated between a floating upper surface portion 504
of a head of an upper pole piece 502 and a lower pole piece
501 and, then, as this magnetic field magnetizes the
magnetic disk surface, the data is written. However, under
the circumstance that track width becomes narrower so as to
increase the recording density as described above, as the
tip portion of the write head becomes narrower, the tip
portion may be saturated by the magnetic field. As a
result, the magnetic field may not only be generated at the
floating upper surface portion 504 as it should be, but
also be leaked from side surfaces 505. Further, when the
track pitch is narrow, this leakage magnetic field from the
side surfaces may be spread to adjacent tracks. Since the
leakage magnetic field is weaker than the main write
magnetic field to write the data, even if the leakage
magnetic field is spread to the adjacent tracks, the data
on the adjacent tracks may not be affected immediately.
However, as the adjacent tracks are exposed to the leakage

magnetic field multiple times, the data on the adjacent

tracks may be deleted little by little and., eventually, the



However, as the adjacent tracks are exposed to the | eakage magnetic field
multiple tinmes, the data on the adjacent tracks may be deleted little by
little and, eventually, the 6 data nay beconme unreadable. [0011] In order
to avoid the data |oss on the adjacent . tracks due to the | eakage magnetic
field, in view of the parts constituting the magnetic disk device,
exanpl es of the neasures include: (1) to increase a coercive force of the
magnetic disk so that the data may be not liable to be deleted even if
there is the | eakage nagnetic field from the adjacent tracks; and (2) to
configure the wite head such that the | eakage magnetic field may not be

liable to gheaoRRgr Bedmel QALhakBikher, in view of usage of the device so
as to prevent the occurrence of the deletion of the adjacent tracks due

to the Ieatﬁgglwagnetic field, other exanples of the neasures include: (3)
to reduce e amount of the |eakage magnetic field to which the adjacent

ook a7, oo POSEE abpChsoaR tFe LagEk R4 on 2k (ohaefgtuce e
the Curren%rggﬂgiSgetgot@ﬁemﬁggﬁage magnetic field, in view of the

parts constituting the magnetic disk device, examples of

the measures include: (1) to increase a ccercive force of

the magnetic disk so that the data may be not 1iable to be

deleted even if there is the leakage magnetic field from

the adjacent tracks; and (2) to configure the write head

such that the leakage magnetic field may not be liable to

be generated.

[0012]

Further, in view of usage of the device so as to
prevent the occurrence of the deletion of the adjacent
tracks due to the leakage magnetic field, cother examples of
the measures include: (3) to reduce the amount of the
leakage magnetic field to which the adjacent tracks are
exposed by increasing the track pitch; and (4) to reduce
the amount of the leakage magnetic field itself by
adjusting the magnitude of the current applied to the write
head when the data is written or an amount of overshoot of
the write current waveform.

[0013]
Further, in a prior art example, under the

circumstance where it is required to increase the track



head when the data is witten or an anount of overshoot of the wite
current waveform 10013] Further, in a prior art exanple, under the
circunstance where it is required to increase the track density TPl so that
the recording density of the recording - nmedia can be inproved and, due to
the high TP, both new and old versions of the wite data may coexi st
together in a unitary storage area, an inprovenent has been proposed
wherein incorrect data that nmay result fromreading the old data can be
inhibited (for exanple, see patent document 1). [0014] Still further, in
anot her prior art exanple, paying attention to the high correlation of a

failure freaeuneiey obI sborage whkt seWoirdihle deurher of ameessesrandgt ot al
energi zing time, a techni que has been proposed for storing an operation

history of maatal Badt Peadfptoiiedewpld) GLRE tbheheMRiBhSrPragdeokhl helwS =
operated and, based on this operation history, defermning the possibility

that the fahldubsaTHersaoadr oleN thit® wiaie a%%haa%fuabkxgéqrts aiBke. inee

patent docunent 2). [0015] |[Patent Docunent 1] Japanese Patent Lal d-open

No 2001'33§49§itary storage area, an improvement has been proposed
wherein incorrect data that may result from reading the old
data can be inhibited (for example, see patent document 1i).
[0014]

Still further, in another pricr art example, paying
attention to the high correlation of a failure frequency of
storage units with the number of accesses and total
energizing time, a technigue has been proposed for storing
an operation history of a main storage unit every time the
main storage unit is operated and, based on this operation
history, determining the possibility that the failure may
occur in the main storage unit (for example, see patent
document 2).

[{0015]
[Patent Document 1]

Japanese Patent Laid-open No 2001-338468
[0016]

[Patent Document 2]

Japanese Patent Laid-open No. 2001-35059%6
[0017]

[Problem to be Solved by the Invention]

Although the methods for inhibiting the data loss in



[0016] [Patent Docunent 2] Japanese Patent Laid-open No. 2001- 350596
[0017] [Problemto be Solved by the Invention] Although the nethods for
inhibiting the data loss in the adjacent tracks due to the | eakage magnetic
field have been proposed as described gbove, if the coercive force of the
disk is increased as discussed initem (1), the data on the adjacent
tracks becones less |iable to be deleted but it also becones difficult to
overwite the data as it should be and thus the overwite characteristic is
degraded, which may result in a poor error rate of the data that should
be overwitten. On the other hand, with regard to item (2), the

const r uct itdre cid jdaeent | tadieaditdiato i the efdficige emagnétibe bf 1é g hdnee | eakage
magnetic field has not been sufficiently apparent up to the present and

this proldesh Shovpssde asldiesceibed dhevrd Utif ethé 00dStctve therceidet he
measure described in item(3) is adopted, in order to ensure the storage

capacity peHe diSdk id hendrédded e£9rdideusiensi iy fSh PE) | NEf&a$LEa i én
proportion to the track pitch, but the higher track recording density may

al | ow resolni | g BEeh S/ 4@t pdforhd® 1E880aNBYeEQTH: deleted but

it also becomes difficult to overwrite the data as it

should be and thus the overwrite characteristic is degraded,
which may result in a poor error rate of the data that
should be overwritten. On the other hand, with regard to
item (2), the construction of the write head that is
effective in inhibiting the leakage magnetic field has not
been sufficiently apparent up to the present and this
problem should be addressed in the future.

[0018]

Further, if the measure described in item (3) is
adopted, in order to ensure the storage capacity per disk,
the track recording density must be increased in proportion
to the track pitch, but the higher track recording density
may allow resolution and S/N ratio of the readout waveform
to be reduced and, therefore, the error rate may be
degraded. Still further, with regard to the setting of the
write current value and the adjustment of the overshoot of
the write current as discussed in item (4), if such
measures are taken so that the leakage magnetic field will
not occur or, more specifically, if the write current value

is set to a smaller value or the amount of overshoot is



to be reduced and, therefore, the error rate may be degraded. Still
further, with regard to the setting of the wite current value and the
adj ust mrent of the overshoot of the wite current as discussed in item(4),
i f such neasures are taken so that the®-l eakage nmagnetic field will not
occur or, nore specifically, if the wite current value is set to a
smal | er value or the anobunt of overshoot is reduced, the data itself may be
witten insufficiently and, consequently, the error rate may be degraded
just as in the case described with regard to item(1). [00191 Still
further, although the inprovenent neasures against the failure of the data
witten onte@acedor hhe dabai AtRalé BaEnbprvpditan; AnpufEAciepELFednd 1 and
2 as described above, these neasures do not address the data |oss on the
adj acent teerkequentiy.t hbel enkageratgneaicbef degrdadad, juskreaseln these
measures do not take refresh process of the witten data into
consi der atcase {16620Lbed withnreppedt tof ithm pilésent invention to provide
a magnetic di sk device in which even under circunmstances where a |eakage
magnetic flebtodlel etes data on adjacent tracks little by little, such
del etion can be conpensated to refresh the data so that data errors can be
prevent ed Still further, although the improvement measures

against the failure of the data written on the storage

media have been proposed in patent documents 1 and 2 as

described above, these measures do not address the data

loss on the adjacent tracks due to the leakage magnetic

field and, moreover, these measures do not take refresh

process of the written data into consideration.

[0020]

It is an object of the present invention to provide

a magnetic disk device in which even under circumstances

where a leakage magnetic field deletes data on adjacent

tracks little by little, such deletion can be compensated

to refresh the data so that data errors can be prevented

from occurring.

[0021]

[Means for Solving the Problems]
In order to solve the problems described above, the
present invention mainly adopts a configuration as
described below.

According to a first aspect of the present invention,

there is provided a magnetic disk device comprising: a



fromoccurring. [0021] |[Means for Solving the Problens] In order to solve
t he probl ens descri bed above, the present invention mainly adopts a
configuration as described below. According to a first aspect of the
present invention, there is provided-admagnetic di sk device conprising: a
-10 magnetic disk for recording data; a magnetic head for witing or
reading the data on or fromthe magnetic disk; and a wite and read
circuit, connected to the magnetic head, for witing or reading the data,;
wherein the data is witten or read to or froma plurality of tracks in
the formof concentric circles disposed on the magnetic disk; and wherein
t he nunbermagngticeddpkdips sarcargdivendetackai nagaegicr bgadndort is
detected that the nunber of wite reaches a predetern ned nunber, and
based on tweitidngcpiromeaddagatbe fdrsekonadirafenm tbet maggetés Gigkk is read
out once and, then, the read-out data is rewitten to the adjacent
tracks. [068848]a writedand tread séccondtaspecnectedh&optbsemnagneienti on,
there is provided a magnetic di sk device

head, for writing or reading the data; wherein the data is

written or read to or from a plurality of tracks in the

form of concentric circles disposed on the magnetic disk;

and wherein the number of write of data on a given track 1is

acquired and it is detected that the number of write

reaches a predetermined number, and based on the detection,

data on tracks adjacent to the given track is read out once

and, then, the read-out data is rewritten to the adjacent

tracks.

[0022]
According to a second aspect of the present

invention, there is provided a magnetic disk device

comprising: a magnetic disk for recording data; a magnetic

head for writing or reading the data on or from the

magnetic disk; and a write and read circuit, connected to

the magnetic head, for writing or reading the data; wherein

the data is written or read to or from a plurality of

tracks in the form of concentric circles disposed on the

magnetic disk; and wherein all tracks on the magnetic disk

are divided into a plurality of areas, the number of write

of data on even-numbered physical tracks in the divided

areas is acquired and it is detected that the number of



conprising: a magnetic disk for recording data; a magnetic head for
writing or reading the data on or fromthe magnetic disk; and a wite and
read circuit, connected to the magnetic head, for witing or reading the
data; wherein the data is witten or ffgad to or froma plurality of
tracks in the formof concentric circles disposed on the nmagnetic disk;
and wherein all tracks on the magnetic disk are divided into a plurality
of areas, the nunber of wite of data on even-nunbered physical tracks in
the divided areas is acquired and it is detected that the nunber of -11
wite reaches a predeterm ned _nunber, and based on _the detectjon, data on
odd- nunber 8ipRyspaghesr acrseffterpingdypaebesr e889j BapeddoButhénce and,
then, the read-out data is rewitten on the odd-nunbered tracks. [0023]
Accor di ng fietacthprrd dapacenopddhaupbesedt Phgéaalohrackield theprovi ded a
magnetic di sk device conprising: a nmagnetic disk for recording data; a
magnet i c h@awided awepsi A seadequitngncheaddt atbanoer theoneafeontigatic
disk; and a wite and read circuit, connected to the magnetic head, for
witing oripeundwngtthe dat §hewhddennmbheedatzacks.witten or read to or
froma plurality of tracks in the formof concentric circles disposed on
t he magneti cl @@Zk]
According to a third aspect of the present invention,

there is provided a magnetic disk device comprising: a

magnetic disk for recording data; a magnetic head for

writing or reading the data on or from the magnetic disk;

and a write and read circuit, connected to the magnetic

head, for writing or reading the data; wherein the data is

written or read to or from a plurality of tracks in the

form of concentric circles disposed on the magnetic disk:

and wherein all tracks on the magnetic disk are divided

into a plurality of areas, the number of write of data on

odd-numbered physical tracks in the divided areas is

acquired and it is detected that the number of write

reaches a predetermined number, and based on the detection,

data on even-numbered physical tracks in the divided areas

is read out once and, then, the read-out data is rewritten

on the even-numbered tracks.

[0024]

Still further, the magnetic disk device may be

configured such that, when the data is written on the

tracks, the data is written on alternate physical tracks



and wherein all tracks on the magnetic disk are divided into a plurality
of areas, the nunber of wite of data on odd-nunbered physical tracks in
the divided areas is acquired and it is detected that the nunber of wite
reaches a predeterm ned nunber, and baggd on the detection, data on
even- nunber ed physical tracks in the divided areas is read out once and,
then, the read-out data is rewitten on the even-nunbered tracks. [0024]
Still further, the magnetic di sk device nay be configured such that, when
the data is witten on the tracks, the data is witten on alternate
physical tracks -12 and every other track is skipged and, after the data is
witten on2Rdl everyaPtheRetrrakkss shipPBafaand. wefteEntbh deké 3Ri pped
tracks. [0025% By adogting the configuration described above, according to
t he presenvrinbvent pBnhadfenfunydrthei teanksantks dAtRela VEAKEGR AAgnetic
field deletes data on adjacent tracks little by little, such deletion can
be conpentheedkippad tovapkevent data errors fromoccurring. [0026] [Mde
for Carrying out the Invention]

[0a025]

By adopting the configuration described above,

according to the present invention, even under

circumstances where a leakage magnetic field deletes data

on adjacent tracks little by little, such deletion can be

compensated so as to prevent data errors from occurring.

[0026]

[Mode for Carrying ocut the Inventicn]
First, measures for preventing a data loss in a

magnetic disk device accerding to the present invention or,

more specifically, a data loss in adjacent tracks due to a

leakage magnetic field will be described briefly. Since

inhibiting the data loss itself on the adjacent tracks due

~ to the leakage magnetic field has limitations as described

above, according to an embodiment of the present invention,

even under circumstances where the leakage magnetic field

occurs to delete the data on the adjacent tracks little by

little, such deletion can be compensated so that data

errors can be prevented from occurring in a magnetic disk

device.

[0027]

To that end, when the number of data write on a



First, neasures for preventing a data loss in a magnetic disk device
according to the present invention or, nore specifically, a data loss in
adj acent tracks due to a |eakage nagnetic field will be described briefly.
Since inhibiting the data |oss itself-1®3n the adjacent tracks due to the

| eakage magnetic field has limtations as described above, according to an
enbodi nent of the present invention, even under circunstances where the

| eakage magnetic field occurs to delete the data on the adjacent tracks
little by little, such deletion can be conpensated so that data errors
can be prevented fromoccurring in a magnetic disk devi ce.‘ﬂ%00271 To t hat
end, when T3PGMHHALIYF FLEGE i Teadhes the pegietsTnined RyrPete Maches

t he predeterm ned nunber, on the assunption that it nmay be possjble that
data on a thadesupphiemtthat the Bancke iPogRERLE O3S ddbRutOR i? bEF¥ef et ed,
the data is_refreshed or, nore specifically, the data witten on the
magnet i ¢ ASIAGRRE ak@ the reraclkhuin oieesbhen 1% bout elpibe febdtethe sane
track. [0028] Fig. 6 is a diagram showi ng an exanple of a correspondence
bet ween pHihke ctata rhgkrekmeehed o1, |BeFeaspecifically, the data

written on the magnetic disk surface is read out once and,
then, rewritten on the same track.
[0028]

Fig. & is a diagram showing an example of a
correspondence between physical track numbers and logical
track numbers on a magnetic disk. Fig. 7 is a diagram
showing another example of a correspondence between
Physical track numbers and lcgical track numbers on a
magnetic disk. According to this embecdiment, when data is
written on a magnetic disk surface, it is defined in
advance that the data is written on alternate physical
tracks. More specifically, the physical track numbers are
associated with the logical track numbers as shown in Fig.
6, wherein the logical track numbers indicate order when
the magnetic disk device is actually used.

[0029]

When the physical track numbers are associated with
the logical track numbers as shown in Fig. 6, the data is
written on the magnetic disk surface in the order of 0, 2,
4, ... of the physical track numbers. In the case in which

there are 2n tracks in all shown in Fig. 6, when up to half



track nunbers on a magnetic disk. Fig. 7 is a diagram show ng anot her
exanpl e of a correspondence between physical track nunbers and | ogi cal
track nunbers on a magnetic disk. According to this enbodi mrent, when data
is witten on a magnetic disk surfaceldit is defined in advance that the
data is witten on alternate physical tracks. Mre specifically, the
physi cal track nunbers are associated wth the |ogical track nunbers as
shown in Fig. 6, wherein the logical track nunbers indicate order when
the magnetic disk device is actually used. [0029] Wen the physical track
nunber s arefagﬁociatgd.gdths t he Iogica track ﬁunberf as. shown in gig. 6,
the data i %5 WTtTBRAGH Y ndSnBER3t 7T WP EKNRET 5R%i B FRachkPadFeopsed -2, 4,
... of the_physical .track nu rs. In the case .in which_ there are 2n
racks 1 B SaERNTF HARE LR cop ipAiEc R ek Er SPRe ERBRERPRer S used
or not nore than n track re,used the data ig_not witten on adjacent
tracks and®VEReYRED EhE é@gﬁ hﬁeﬂriﬁﬁe%af%9?§tﬁ§%¥teﬁh?Eﬁe5§eHPy, there is

no possibili%é t hat the adjacent tracks are del eted t he | eakage

b
Tagnetic {PRFHIBRULTY Thahothnerdaaart | racks ceRe SRLelasaby[ 5bSo]

leakage magnetic field and it is not necessary to refresh
the data.
[0030]

As another method for assigning the logical track
numbers to alternate tracks, the method shown in Fig. 7 can
also be adopted as an embodiment of the present invention.
Further, the number of write on each magnetic disk may be
recorded for both even- and odd-numbered physical tracks
separately. In this case, for example, when the number of
write on the even-numbered physical tracks reaches the
predetermined number, it 1s needed only to refresh the data
on the odd-numbered physical tracks and, conversely, when
the number of write on the odd-numbered physical tracks
reaches a predetermined number, it is needed only to
refresh the data on the even-numbered physical tracks and,
consequently, the time required to refresh the data can be
reduced.

[0031]

The refresh of the data must be performed while the

operation in response to commands from the host is not

performed. Therefore, in terms of the operation in



As anot her nmethod for assigning the logical track nunbers to alternate
tracks, the method shown in Fig. 7 can also be adopted as an enbodi nent of
the present invention. Further, the nunber of wite on each magnetic disk
may be recorded for both even- and odd3nunbered physical tracks
separately. In this case, for exanple, when the nunber of wite on the
even- nunber ed physical tracks reaches the predeterm ned nunber, it is
needed only to refresh the data on the odd-nunbered physical tracks and,
conversely, when the nunber of wite on the odd-nunbered physical tracks
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recorded and, then, it is determined whether or not a

refreshing operation is needed for each area.

[0032]

In other words, it is a concept of the present
invention that the number of write for each track is
monitored so as to refresh the data on the tracks adjacent
to the monitored tracks and, further, the data is recorded
on alternate physical tracks and, after half of all the
tracks have been occupied, the data is written on the
tracks that have been skipped. More specifically,
considering the fact that the concept described above is
not practical in terms of memory management because an
enormous number of tracks must be managed, the magnetic
disk surfaces are divided into areas and the number of
write and the refresh of the data is managed for each area.
In this case, it is needed only to refresh the data on the
restricted number of tracks and, therefore, it can be
avoided that the areas that are still not needed to be

refreshed may be refreshed uselessly and, consequently, the

time required for refreshment can be reduced.



recorded and, then, it is determ ned whether or not a refreshing operation
I s needed for each area. [0032] In other words, it is a concept of the
present invention that the nunber of wite for each track is nonitored so
as to refresh the data on the tracks atigacent to the nonitored tracks and,
further, the data is recorded on alternate physical tracks and, after half
of all the tracks have been occupied, the data is witten on the tracks
t hat have been skipped. Mre specifically, considering the fact that the
concept described above is not practical in terns of nenory nanagenent
because an__enornous nunber of tracks nust be nmanaged, the magnetic disk
surfaces atB08BVided into areas and the nunber of wite and the refresh of
the data is managed for each area. In this case, it is needed only to
refresh the data BHgt ht 13 extdiageam mhpeingfa tstate Indhidkrdiere, it can
be avoided that the areas that are still not needed to be refreshed may
be refresheumbes| efsWwyisadoncbathqevantyort hdd-nimberequbhydifai
refreshnent can be reduced. -16 [0033] Fig. 9 is a diagram showi ng a state
i n whi ch theackanber refordeticonnaboemnosyefioroeacdanaeabened ghysncal

magnetic disk surface according to this embodiment. 1In the

following description, it is assumed that the tracks are

designated by the physical track numbers, even unless

explicitly stated. In a specific example shown in Figs. 8

and 9, in which one disk surface may be divided into about

10 areas, if one magnetic disk surface includes 40,000 -

50,000 tracks in all, each area should include 4000 - 5000

tracks. In Fig. 9, even [1l] refers to a variation

indicating the number of write on even-numbered physical

tracks residing in the area number 1 and this wvalue is

recorded on the memory as, for example, even [l1] 900. Here,

although the number of write is not always equal among all

even-numbered tracks in the area number 1, it may be

reasonable to record the maximum value of the number of

write on any one track in the area number 1.

[0034]

The magnetic disk device having a plurality of
magnetic disk surfaces is provided with the tables as shown
in Fig. 9 as many as the magnetic disk surfaces. The

number of write on the even-numbered tracks in the area y

is stored in even [y] and the number of write on the odd-



tracks is recorded on a nenory for each area on a given nmagnetic disk
surface according to this enbodinent. In the follow ng description, it is
assunmed that the tracks are designated by the physical track nunbers, even
unless explicitly stated. In a specif.g. exanple showmn in Figs. 8 and 9,
i n which one disk surface may be divided into about 10 areas, if one
magneti c di sk surface includes 40,000 - 50,000 tracks in all, each area
shoul d i ncl ude 4000 - 5000 tracks. In Fig. 9, even [1l] refers to a
variation indicating the nunber of wite on even-nunbered physical tracks
residing in the area nunber 1 and this value is recorded on the nenory as,
for exanpl BUMRQERI[ tTagks. ipetbe agpehBudh FRETABNHBr 088 Wit e Whehot
al ways equal anong all even-nunbered tracks in the area nunber 1, it may
be reasonBBecmagneEisr diske daiicaudsy ghdered t Bd Inkhiese oR1uRS 2 -any
one track in the area nunber 1. [0034] The magnetic di sk device having a
plurality bf03hdgnetic disk surfaces is provided with the tables as shown
in Fig. 9 as many as the magnetic disk surfaces. The nunber of wite on
t he even- nunber edBinceekihe (valesirign the | takles ethdwn eerF1y] armisthe
nunber of wite on the odd -17 nunbered tracks in the area y is stored in
odd [vy]. VWenheld even while the magnetic disk device is de-energized,

these values are recorded, for example, in a Flash memory

or on the magnetic disk surface. However, as these values

of the number of write are read or updated frequently while

the magnetic disk device is in operation, it is preferable

that these values reside on a memory such as a RAM that can

be read and written at high speed.

[0036]

In this case, when the magnetic disk device is

activated, the values of the number of write up to the

previous time that have been recorded in the non-volatile

memory are read and, then, the values are put on the RAM

and, then, while the magnetic disk device is in operation,

the values on the RAM are read or updated. Then, before

the magnetic disk device is de-energized, the values on the

RAM are rewritten in the non-vclatile memory. Since there

is a possibility that the magnetic disk device is de-

energized suddenly, it is preferable to save the wvalues on

the RAM to the non-volatile memory not only at the moment

when the magnetic disk device is turned off but also from

time to time.



the magnetic disk device is shipped, all these values are 0. [00351 Since
the values in the tables shown in Fig. 9 nust be held even while the
magneti c di sk device is de-energized, these values are recorded, for
exanple, in a Flash nmenory or on the magnetic disk surface. However, as
t hese values of the nunber of wite are read or updated frequently while
the magnetic disk device is in operation, it is preferable that these
val ues reside on a nenory such as a RAMthat can be read and witten at
hi gh speed. [0036] In this case, when the nmagnetic disk device is
activated, the values of the nunber of wite up to the previous tine that
have been F@€37ded in the non-volatile nenory are read and, then, the
values are put on the RAM and, then, while the magnetic disk device is in
operation, the Ngiies dPRIreRREE fer reefreghiviaiatts Geordingg ore  t he
magneti c di sk device is de-energized, the values on the RAMare rewitten
i n the nonthel| embodimentrgf Ehacprehent inventporswhbilli bg daacribedmagnetic
di sk device is de- energized suddenly, it is preferable to save the val ues
on the RARigo lheheows-gopuocedunenboy detevnining whetheneatdathen the
magneti c di sk device is turned off but also from tinme to tine.

refresh process is needed or not when data is written on a

track x and a procedure after the refresh process is

performed. Here, it is assumed that the track x belongs to

an area y in the following description.

[0038]

First, in step 101, it is detexrmined whether even-
numbered or odd-numbered the track x is. The following
description will be given on the assumption that the track
X is even-numbered. Next, in step 102, it is determined
whether or not the data has been written on adjacent tracks.

If odd [y] = 0, or if the data has not been written at all
on odd-numbered tracks in the area y, no matter how many
times the data is written on the even-numbered tracks,

since it is not necessary to consider a possibility that

the data on the adjacent tracks is deleted by a leakage
magnetic field and the number of write on the even-numbered
tracks is insignificant, the process proceeds to step 103
and the value of even [y] is always 1. If odd [y] is not 0O,
or if the data has already been written on the odd-numbered

tracks, the process proceeds to step 104 and the value of

even [y] is incremented by 1 (the number of write on the



-18 [0037] Next, a procedure for refreshing data according to the

enbodi nent of the present invention will be described. Fig. 1 shows a
procedure for determ ning whether a data refresh process is needed or not
when data is witten on a track x andl% procedure after the refresh
process is perforned. Here, it is assuned that the track x belongs to an
area y in the followi ng description. [0038] First, in step 101, it is

det ermi ned whet her even- nunbered or odd-nunbered the track x is. The
following description will be given on the assunption that the track x is

even-nunbeéggn_gﬁ%ger'& $1£8x Ogn {Bei ggt rngnggc gﬁg%@gr L t the data
% ? %f odg fy] = 6, |9 Eﬁe 3

has been witten on adjacen racks. or ata has
not been Wfééggf at all on odd-nunbered tracks in the area y, no nmatter
how many IMes"the data is witten on the even-nunbered tracks, since it
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data has a{{g@ﬁg ngc ggi%ﬁgnvgfughgtOggigﬂngﬁéegefresh is required,

the number of write on the even-numbered tracks is

determined in step 105 in this embodiment. More

specifically, in this case, it is determined whether the

number of write on the even-numbered tracks reaches a

threshold value p at which the refresh is needed. If the

value of even [y] is less than the threshold value p, it is

determined that the refresh is not needed and the process

in ended (106). However, if the value of even [y] is not

less than the threshold value p, it is determined that

there is a possibility that the refresh is needed and the

process continues.

[0040]

When the number of write on the even-numbered tracks

in the area y reaches the threshold value p, the refresh

process may be performed at once but, alternatively,

another preocedure shown in step 107 (see steps in a dotted

box in Fig. 1) may be taken wherein the data on the odd-

numbered tracks in the area y, which has been written

temporarily to refresh the data, is read out once (108) and,

then, if the number of retry attempts exceeds a




tracks, the process proceeds to step 104 and the value of even [y] is

incremented by 1 (the nunber of wite on the -19 even-nunmbered tracks in

the area y is increnented by 1). [0039] If the value of even [y] is
updated, since there is a possibility20hat the nunber of wite on the

even- nunber ed

t he nunber

t hr eshol d

tracks reaches the value at which the refresh is required,

of wite on the even-nunbered tracks is determned in step 105
in this enbodinment. More specifically, in this case, it is determ ned
whet her the nunber of wite on the even-nunbered tracks reaches a

val
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attempts are performed to read the data in the same portion
repeatedly up to a few tens or a hundred times until the
data is read properly and, then, if the data has not been
failed completely, the data may often be read by the retry
attempts.

[0041]

In Fig. 1, when the data on the odd-numbered tracks
in the area y in question is read, if the number of retry
attempts reaches a predetermined value g, it is determined
that the data in the area becomes less readable in
actuality in step 109. Then, if it is determined that the
data must be rewritten, the data is rewritten in step 110
{the data on all the odd-numbered tracks in the area vy is
rewritten}. If the number of retry attempts is small and
it is determined that the refresh is not needed yet, the
data is not rewritten. 1In the case where the data is not
rewritten, it is preferable that the data that has been
read once is stored on a high-speed memory such as RAM
temporarily until it is determined whether the data must be
rewritten so that it would not be necessary to read the

data in the area in question that has been read once again

Gacks the 43 area y

in



box in Fig. 1) may be taken wherein the data on the odd- nunbered tracks in
the area y, which has been witten tenporarily to refresh the data, is
read out once (108) and, then, if the nunber of retry attenpts exceeds a
-20 predetermned value, it is determ-2bd that the data is about to be
deleted actually (109) and the data is rewitten. In a typical nmagnetic

di sk device, if the data is not read properly in the first read operation,
the retry attenpts are perforned to read the data in the same portion
repeat edly up to a fewtens or a hundred times until the data is read
properly a the f th
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rewitten in step 110 (the data on all the odd-nunbered tracks in the area
y is rew¥eiehsd 1 $RePnl@®er of retry attenpts is small and it is
deternined[égf%]the refresh is not needed yet, the

When the process shown in step 107 is not performed,
it will be more cost effective if the refresh is performed,
not by the procedure in which all the data in the area to
be refreshed is read out once and then rewritten, but by
the procedure in which the data is read and then written at
once by small blocks (for example, by 100 tracks/block
instead of 4000 - 5000 tracks/area)} repeatedly, because it
is not necessary to prepare the large-capacity memory to
store the read data until it is rewritten in the latter
case. |
[0043]

If it is determined that the data must be refreshed
in step 109 and the rewrite is performed actually in step
110, the number of write on the even-numbered tracks can be
reset to 1 (111).

[0044]

On the other hand, in the case where the number of
write exceeds the threshold value p but it is determined
that the refresh is still not needed in step 109 and the

rewrite process is not performed, when the data is written



data is not rewitten. In the case where the data is not rewitten, it is
preferable that the data that has been read once is stored on a high-speed
menory such as RAM tenporarily until it is determ ned whether the data
must be rewitten so that it woul d noB2be necessary to read the data in
the area in question that has been read once again -21 (so that it would
not be necessary to repeat step 108) when it would be determ ned that the
data nmust be rewitten actually (for exanple, when the threshold value p
is reached in step 105). [0042] Wen the process shown in step 107 is not
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data until_ it is rewitten in the latter case, &0043 | f %t i s.det erm ned
that the dReBOREsFeWElfiRgedReghown in step 107 may be performed.

More specifically, the procedure in which the refresh
process is not performed soon after the number of write
reaches the threshold value p but it is determined whether
the refresh is needed or not after the data is read out
once may be adopted. In this case, if the value of even
[v] remains unchanged, even [y] is always not less than p
until the data in the area in question is refreshed and,
therefore, every time when the data is written on the even-
numbered tracks in the area in question at least once, the
read checking procedure for determining whether the refresh
is needed must be performed inevitably.

[0045]

It typically does not happen that the data on a
track, which has been able to be read without problems,
becomes unreadable suddenly after one write operation on
the adjacent tracks. It therefore seems to be no problem
that it is not determined whether the refresh operation is
needed or not for the predetermined number of times after
the read checking procedure is performed (in step 109) once.
[0046]

Therefore, after it is determined whether the



in step 109 and the rewite is performed actually in step 110, the nunber
of wite on the even-nunbered tracks can be reset to 1 (111). [0044] On
the other hand, in the case where the nunber of wite exceeds the
threshold value p but it is determ nedp3zthat the refresh is still not
needed in step 109 and the rewite process is not perforned, when the data
IS witten -22 on the even-nunbered tracks in the area y in question next
time, it will be determined that the refresh is needed again. Here, the
checki ng procedure by reading the data before rewiting as shown in step
107 may be performed. More specifically, the procedure in which the
refresh pFeEERSh|3snpeededsoF npdt sebpcalpestehd KORDARAOL0Gsi £Be reaches
the threshold value p but it is determ ned whether the refresh is needed
or not af tRFOEESSs dbsaceriigareduso bhet Hag beaddoperdtien thi sheeke, if
t he value of even [y] remains unchanged, even [y] is always not |ess than
p until tweethen thethefresh in peededonpri Boteisenhtdprandormedeuntbie,
every tinme when the data is witten on the even- nunbered tracks in the
area in quekeienihe ¢pasatibomelstperfomaedcheeki ngtpmeseduFuct or
determ ni ng whether the refresh is needed nust be perfornmed inevitably.

configuration is implemented in step 112. As shown in step

112, by subtracting r from the wvalue of even [y] in adwvance,

the condition even [y] Ezp is not satisfied in step 105
until the data is written on the even-numbered tracks in
the area y over r times. Therefore, the read checking
procedure to determine whether the refresh is needed or not
is not performed meanwhile. This inhibits that the read
checking procedure (108} to determine whether the refresh
is needed or not is performed tooc frequently. More
specifically, assuming that p = 1000 in step 105 and r =
100 in step 112, even [y] = 1000 - 100 = 900 is obtained in
step 112 and even [y] = 900 is obtained in step 104.
Therefore, the condition even [vy] Eip is not sétisfied in
step 105 while the data is written on the even-numbered
tracks over 100 times and, consequently, it is not
necessary to read the odd-numbered tracks in the area y
{step 108) meanwhile.
[0047]

Since optimal values for p, g and r as described
above may vary depending on the combination of the magnetic

disks and heads used actually or the write current value,



[0045] It typically does not happen that the data on a track, which has
been able to be read w thout problens, becones unreadable suddenly after
one wite operation on the adjacent tracks. It therefore seenms to be no
problem that it is not determ ned whegher the refresh operation is needed
or not for the predeterm ned nunber of tines after the read checking
procedure is perforned (in step 109) once. [0046] Therefore, after it is
determ ned whet her the -23 refresh is needed or not once in steps 108 and
109, the process is configured so that the read operation to check

whether they ro{rgaled S0P 0eflapr RO VAP0 PEE T OB DMLy bl Wi te

operation Ts perforned over r tines. co ratron 1S inplenented in

step 112, 05 PIOHO brShEPe-d1dec -3 ULERCLEDG, TelLOMfCaya ue of even

[y] in advance, Ion” éven Sfied in step 105
until the | [ n_the even-nunbered tracks in the area y over r
times. There %?%? eéégg %%ébking procedure to determ ne whether the
refresh is @@gg d or not is not perforned neanwhile. This inhibits that
the read E ecking procedure (108) to determ ne whether the refresh is

needed or not is I%erlifiogr.nﬁd, tiofj Jl{eeqcureancH-cl X{ il\ébra% odd-numbered track,

the process goes from step 101 to step 113 but, after that,
the process is similar to the one described with reference
to the left side of Fig. 1, although the even-numbered
tracks are substituted by the odd-numbered tracks.

[0049]

As described above, the present invention
principally provides the configuration and functions or
operations as follows: That is, the number of write is
counted and, if the number of write exceeds a predetermined
number, the refresh operation to read once and then write
the data is performed. Here, logical track numbers are
assigned to alternate physical tracks and the number of
write is counted separately for even-numbered and odd-
numbered physical tracks.

[0050]

By adopting such configuration, it is needed only to
refresh the data on either the even-numbered or the odd-
numbered physical tracks and, therefore, the time required
to refresh the data can be reduced. Further, since the

logical track numbers are assigned alternately, the



specifically, assumng that p = 1000 in step 105 and r 100 in step 112,
even [y] = 1000 - 100 = 900 is obtained in step 112 and even [y] = 900 is
obtained in step 104. Therefore, the condition even [y]>= p is not
satisfied in step 105 while the data-2% witten on the even-nunbered
tracks over 100 tinmes and, consequently, it is not necessary to read the
odd- nunbered tracks in the area y (step 108) neanwhile. [0047] Since
optimal values for p, g and r as described above may vary dependi ng on the
conbi nati on of the magnetic disks and heads used actually or the wite

current v ‘ﬁgho@é%%ﬂt‘.swﬁi e{ﬁgl dj%ﬁﬁ%#r@ig %?%ﬁgfdgl geéngoésnay be

vari abl e ranet ers defined separate eac surface or each area.
[0048] In Fig. I f et [ n.odd- nunber e r t Ss

goes from%‘%“gpo"‘}%lfLIL t%ﬁ%fjépﬂﬁé %%t?h%f?aeéjg?ﬁg ,gftﬁ%é p‘?lg%jélé% rpggrglé?nf ar to
t he one dqfcribed vMé@Ireference to the left side of Fig. 1, although the
even- nunbe %Ft*%uﬁ% Fe substituted by the odd-nunbered tracks. [0049] As

descri bed ﬁﬂﬂ¥?] the present invention

Still further, by dividing the disk surfaces of the
recording media into a plurality of areas and counting the
number of write for each of the plurality of areas, the
data subject to the refresh operation can be restricted and
the time required for the refresh operation can be saved.
[0052]

[Effect of the Invention]

According to the present invention, the phenomenon
in which the data is deleted by the leakage magnetic field
from the side surfaces of the write head can be prevented
until half of the entire capacity of the magnetic disk is
used.

[0053]

Further, when it is necessary to refresh the data
after more than half of the entire capacity has been used,
the data can be recovered for a shorter time and more
effectively.

[Brief Description of the Drawings]
[Fig. 1]
Fig. 1 is a flow chart illustrating a procedure for

refreshing data when the data is written on a track x in an



principally provides the configuration and functions or operations as
follows: That is, the nunber of wite is counted and, if the nunber of
wite exceeds a predetermined nunber, the refresh operation to read once
and then wite the data is performed.-2¢dere, |ogical track nunbers are
assigned to alternate physical tracks and the nunber of wite is counted
separately for even-nunbered and odd- nunbered physical tracks. [0050] By
adopting such configuration, it is needed only to refresh the data on

ei ther the even-nunbered or the odd- nunbered physical tracks and,
therefore, the tine FE@UIFE g gfresh t he data can be rgguceg. Furt her,
since. the 2T%8i €aP™t PabRIRE her 415K suLEpGRednap: BRAREERG, difk dexice
phenonenon in mglch t he adj acent tracks are del eted does not occur until
hal f of thBCEpIePPy t8f a{‘hémBHle%nﬁaaﬁeFP& PgEERN s 1p¥EALiPBOS1] Still
further, by d|V|d|n t he di sk surfaces of the recording nedia into a
pIurallty of [E}®as? gnd counting the nunber of wite for each of the
plurality of areas, the data_subject to the refresh operation can be
restricted and thkdti#elf cyfFQramrsehrnabisalhy oPRe%iRn2 can be saved.

mechanism of a typical magnetic disk device.
[Fig. 3]

Fig. 3 is a conceptual diagram showing placement of

tracks on a typical magnetic disk.
[Fig. 4]

Fig. 4 i1s a diagram showing a configuration required
for reading and writing the data in a typical magnetic disk
device.

{Fig. 5]

Fig. 5 is a diagram schematically showing a

structure of a write head in a typical magnetic disk device.
[Fig. 6]

Fig. 6 is a drawing showing an example of a
correspondence between physical track numbers and logical
track numbers on a magnetic disk.

[Fig. 71

Fig. 7 is a drawing showing another example of a
correspondence between physical track numbers and legical
track numbers on a magnetic disk.

[Fig. 8]

Fig. 8 is a diagram showing an exemplary



[0052] [Effect of the Invention] According to the present invention, the
phenonmenon in which the data is deleted by the | eakage magnetic field
fromthe side surfaces of the wite head can be prevented wuntil half of
the entire capacity of the magnetic di-8% is wused. [0053] Further, when it
IS necessary to refresh the data after nore than half of the entire
capacity has been used, the data can be recovered for a shorter tinme and
nore effectively. [Brief Description of the Drawings] [Fig. 1] Fig. 1 is
a flowchart illustrating a procedure for refreshing data when the data is
witten on a track x in an -26 area y on a magnetic disk surface in a
magneti ¢ dFIREYGYTRBIOBCEDr WRKEN 12 BAJIRABLEI AeRk BRrfacepresdhvifindenti on.
[Fig. 2] Fig. 2 is_a diagramschematically show ng a mnechanismof a

typi cal nmebREP|@ ngkaééch@f aregs QTC¢¥éln3 fe bhé%n@@b?@ameﬂtagram

show ng pl acenent of
[Fig. 9]

Fig. 9 is a diagram showing a state in which the
number of write on both even- or odd-numbered physical
tracks is recorded on a memory for each area on a given
magnetic disk surface according to this embodiment.

[Explanation of Reference Numerals]
201 Magnetic disk
202 Magnetic head
203 Spindle
204 Arm
205 VCM
301 Magnetic disk
302 Tracks on magnetic disk
303 Track pitch
401 Host computer
402 HDC
403 Data buffer
404 Servo controller
405 R/W channel
406 R/W amplifier
407 Write head
408 Read head

409 Magnetic disk



tracks on a typical magnetic disk. [Fig. 4] Fig. 4 is a diagramshow ng a
configuration required for reading and witing the data in a typical
magnetic disk device. [Fig. 5] Fig. 5 is a diagramschematically showi ng a
structure of a wite head in a typical-28mgnetic disk device. [Fig. 6] Fig.
6 is a drawi ng showi ng an exanple of a correspondence between physical
track nunbers and | ogical track nunbers on a magnetic disk. [Fig. 7] Fig.
7 is a drawi ng showi ng anot her exanple of a correspondence between

physi cal track nunbers and | ogical track nunbers on a magnetic disk. [Fig.
8] Fig. 8 %g aggbagran1shomjng an exenplary -27 configuration in which a
magneti c dr. % face is divided into a plurality of areas according to
this enbod] n@.. LF%g.d9€ Fig. 9is.a diagranlshomjng a state in which the
nunber of t BrohebBEAdet BREL P2 gBa A GnBRFEdPBRTE cal

502 Write head upper magnetic pole piece

503 Write head coil

504 Write head floating upper surface portion
505 Write head side surface portions

601, 701 Track on magnetic disk



tracks is recorded on a nenory for each area on a given nmagnetic disk
surface according to this enbodi nent. [Explanation of Reference Nuneral s]
201 Magnetic di sk 202 Magnetic head 203 Spindle 204 Arm 205 VCM 301
Magnetic di sk 302 Tracks on magnetic d28k 303 Track pitch 401 Host
conputer 402 HDC 403 Data buffer 404 Servo controller 405 R Wchannel 406
RWanmplifier 407 Wite head 408 Read head 409 Magnetic disk -28 410 MPU
501 Wite head | ower nmagnetic pole piece 502 Wite head upper magnetic
pol e pi ece

Fig. 1

101: Track x = even numbered

108: Read data on odd-numbered tracks in area y

109: the number of retry = g

110: Write data on odd-numbered tracks in area y
TUTyDEE IS Y7 %) —F: A: Read data on even-numbered
tracks in area y

US4 REH=q : wWrite data on even-numbered tracks in

area y

Fig. 3
'3‘-*"_5' : Data
H—iR: Servo

w2 EwF: Track pitch

Fig. 4
401: Host computer
403: Data buffer

404: Servo controller
405: R/W channel

406: R/W amplifier

Fig. o
MBS v 7&ES: Physical track number

i ko v %S Logical track number



503 Wite head coil 504 Wite head floating upper surface portion 505
Wite head side surface portions 601, 701 Track on magnetic disk -29 Fig. 1
101: Track x = even numbered 108: Read data on odd-nunbered tracks in area
y 109: the nunber of retry >=q 110: \WW0te data on odd-nunbered tracks in
area y A. Read data on even-nunbered tracks in areay >=q : Wite data on
even-nunbered tracks in areay Fig. 3 Data servo Track pitch Fig. 4 401:
Host conputer 403: Data buffer 404: Servo controller 405: R W channel
406: R'Wanplifier

Fig. 8

I1)7#HS: Area number

Fig. 9
I)7&HE: Area number
WMEEH NS Y7 54 BRI : Number of write on even-numbered

physical tracks

BT NS v 51 MR : Number of write on odd-numbered

physical tracks



Fig. 6 : Physical track nunber : Logical track nunmber -30 Fig. 8 : Area
nunber Fig. 9 : Area nunber : Nunber of wite on even-nunbered physical
tracks : Nunmber of wite on odd-nunbered physical tracks -31 [Wat is
Claimed is] [Caiml1l] A magnetic disk device conprising: a magnetic disk
for recording data; a magnetic head for witing or reading the data on or
fromthe magnetic disk; and a wite andlread circuit, connected to the
magnetic head, for witing or reading the data; wherein the data is
witten or read to or froma plurality of tracks in the formof concentric
circles disposed on the magnetic disk; and

[What is Claimed is]
[Claim 1]

& magnetic disk device comprising:

a magnetic disk for recording data;

a magnetic head for writing or reading the data on
or from the magnetic disk; anad

a write and read circuit, connected to the magnetic
head, for writing or reading the data:

wherein the data is written or read to or from a
plurality of tracks in the form of concentric circles
disposed on the magnetic disk; and

wherein the number of write of data on a given track
is acquired and it is detected that the number of write
reaches a predetermined numbér, and

based on the detection, data on tracks adjacent to
the given track is read out once and., then, the read-out
data is rewritten to the adjacent tracks.

[Claim 2]

A magnetic disk device comprising:

a magnetic disk for recording data:

a magnetic head for writing or reading the data on
or from the magnetic disk; and

a write and read circuit, connected to the magnetic



wherein the nunber of wite of data on a given track 1is acquired and it is
detected that the nunber of wite reaches a predeterm ned nunber, and
based on the detection, data on tracks adjacent to the given track is read
out once and, then, the read-out data3ps rewitten to the adjacent tracks.
[Claim?2] A magnetic disk device conprising: a magnetic disk for recording
data; a magnetic head for witing or reading the data on or fromthe
magnetic disk; and a wite and read circuit, connected to the magnetic -32
head, for witing or reading the data; wherein the data is witten or read
to or froma _plurality of tracks in the formof concentric circles

di sposed oRtefie §n3F¥ElHESRF LRAdWRer E% SfF2fracks on the magnetic di sk
are divided into a plurality of areas, the nunmber of wite of data on
even- nunbered pHR§IRID tTREIA2ETH dhd i PareRid | ' RKGufTYl &nd it is
detected that the nunber of wite reaches a predetermned nunber, and
based on tRéVHRLREY| 8, taarksohrobenfipbBref concentric circles

disposed on the magnetic disk; and

wherein all tracks on the magnetic disk are divided
into a plurality of areas,

the number of write of data on even-numbered
physical tracks in the divided areas is acquired and it is
detected that the number of write reaches a predetermined
number, and

based on the detection, data on odd-numbered
physical tracks in the divided areas is read out once and,
then, the read-out data is rewritten on the odd-numbered
tracks.

[Claim 3]

A magnetic disk device comprising:

a magnetic disk for recording data:

a magnetic head for writing or reading the data on
or from the magnetic disk; and

a write and read circuit, connected to the magnetic
head, for writing or reading the data:

wherein the data is written or read to or from a
plurality of tracks in the form of concentric circles
disposed on the magnetic disk; and

wherein all tracks on the magnetic disk are divided



physical tracks in the divided areas is read out once and, then, the
read-out data is rewitten on the odd-nunbered tracks. [Claim3] A
magneti c di sk device conprising: a magnetic disk for recording data; a
magnetic head for witing or reading th® data on or fromthe magnetic

disk; and a wite and read circuit, connected to the magnetic head, for
writing or reading the data; wherein the data is witten or read to or from
a plurality of tracks in the formof concentric circles disposed on the
magneti c di sk; and wherein all tracks on the magnetic disk are divided -33

into a pluralit [ e.n er of wite of data on odd-nunbered
physi cal %gé%k% ﬁ%ufﬁgfgyvégeﬁrgggas Is acquired and it is detected that

t he nunber of write reaches a. predeterm ned nunmbey. S h
detection, data oth"ee\fb‘ﬂn%eiﬁrbog et %y%f{nc%qetaf _rc'anck%c{dll nn%eeq%@&&g&laﬁas is
ésgg-gﬂabg %%cﬁ??%ﬂktﬁgndigggeaeggéggtigaggqﬁfrégmgﬁ&tfp £ Qgected

that the number of write reaches a predetermined number,
and

based on the detection, data on even-numbered
physical tracks in the divided areas is read out once and,
then, the read-out data is rewritten on the even-numbered
tracks.

[Claim 4]

A magnetic disk device according to claim 2, wherein,
when the read-out data is rewritten on the odd-numbered
tracks, the number of write on the even-numbered physical
tracks is cleared.

[Claim 5]

A magnetic disk device according to claim 3, wherein,
when the read-out data is rewritten on the even-numbered
tracks, the number of write on the odd-numbered physical
tracks is cleared.

[Claim 6]

A magnetic disk device according to any one of
claims 1 to 5, wherein, when data is written on the tracks,
the data is written on alternate physical tracks and every
other track is skipped and, after the data is written on

half of all the tracks, the data is written on the skipped



[Claim4] A magnetic disk device according to claim2, wherein, when the
read-out data is rewitten on the odd-nunbered tracks, the nunber of wite
on the even-nunbered physical tracks is cleared. [Claimb5] A nagnetic disk
device according to claim 3, wherein, when the read-out data is rewitten
on the even-nunbered tracks, the nunber of wite on the odd-nunbered
physical tracks is cleared. [O ai m 634 nagnetic di sk device according to
any one of <clains 1 to 5, wherein, when data is witten on the tracks,

the data is witten on alternate physical tracks and every other track is
ski pped and, after the data is witten on half of all the tracks, the data
is wittentoackfe skipped -34 tracks. [Caim7] A magnetic disk device
according to any one of <clains 1 to 6, wherein, when it is detected that

t he nunber [afladm tZ] reaches the predeterm ned nunber, the data to be
rewitten is read and, then, if the nunber of retry for the data reaches a
predet er m ned valauepadrietidatdidls deenmitdd tegmcording to any one of

claims 1 to 6, wherein, when it is detected that the number
of write reaches the predetermined number, the data to be
rewritten is read and, then, if the number of retry for the

data reaches a predetermined value, the data is rewritten.



