
- 1  MAGNETIC DISK DEVICE [Detailed 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
written repeatedly in a magnetic disk device. [0002]  [Prior Art] In recent
years, as magnetic disk devices achieve  widespread use not only in the
field of computer technology  but also 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 a
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 -2 whose number corresponds to the number
of surfaces of the  magnetic disks are attached to arms 204. The arms 204
are  configured so that they can be moved onto the disk surfaces  by a VCM
(voice coil motor) 205. [00041 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.  [00051 Fig. 4 shows basic components required for
writing/reading data on/from the magnetic disk device. When the data is
written, the data is sent from a host  computer 401 to a hard disk
controller (HDC) 402. The HDC  



402 determines an address or the head, track and sector  number to which
the data is written and issues a command to  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
synchronization 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  write 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 -4 



head has been positioned, the data is read from the  magnetic disk 409 by a
read head 408 in synchronization  with the specified sector, the read
waveform is decoded  into the original data by the R/W amplifier 406 and
the R/W  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 5 circumferential direction,
or by reducing the track width  as well as the track pitch to increase the
track density.  [0010] Fig. 5 shows a structural schematic view of the
write 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 6 data may become unreadable. [0011] In order
to avoid the data loss on the adjacent  tracks due to the leakage magnetic
field, in view of the  parts constituting the magnetic disk device,
examples of  the measures 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 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, other 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. 10013] Further, in a prior art example, under the
circumstance where it is required to increase the track density TPI so that
the recording density of the recording  media can be improved and, due to
the high TPI, both new  and old versions of the write data may coexist
together in  a unitary 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 1).  [0014] Still further, in
another prior 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 technique 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. 2001-350596
[0017]  [Problem to be Solved by the Invention] Although the methods for
inhibiting the data loss in the adjacent tracks due to the leakage magnetic
field have  been proposed as described above, if the coercive force of  the
disk is increased as discussed in item (1), the data on  the adjacent
tracks becomes less liable to be 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 reduced, the data itself may be
written 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 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
-10 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
the number of write of data on a given track is  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 -11
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.  [0023]
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 -12 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
tracks. [0025] 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 out the Invention] 



First, measures for preventing a data loss in a  magnetic disk device
according 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. [00271 To that
end, when the number of data write on a -13 magnetic disk surface reaches
the predetermined number, on  the assumption that it may be possible that
data on a track  adjacent to the track in question is about to be deleted,
the data is refreshed or, more specifically, the data  written on the
magnetic disk surface is read out once and,  then, rewritten on the same
track. [0028] Fig. 6 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 logical
track numbers on a  magnetic disk. According to this embodiment, 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 -14 of the capacity is used
or not more than n tracks are used,  the data is not written on adjacent
tracks and, therefore,  even when the data is written repeatedly, there is
no possibility that the adjacent tracks are deleted by the  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 is
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 -15 response to the
commands from the host, it is time-wise  difficult to refresh the data on
all disk surfaces at a  time. Thus, according to this embodiment, each disk
surface is divided into several areas as shown in Fig. 8  and the number of
write of the data for each area is  



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. -16 [0033] 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. In 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 [1] refers to a
variation  indicating the number of write on even-numbered physical  tracks
residing in the area number 1 and this value is  recorded on the memory as,
for example, even [1] 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 -17 numbered tracks in the area y is stored in
odd [y]. When  



the magnetic disk device is shipped, all these values are 0.  [00351 Since
the values in the tables shown in Fig. 9 must be held 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-volatile memory. Since there  is a possibility that the magnetic
disk device is de- energized suddenly, it is preferable to save the values
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. 



-18 [0037] Next, a procedure for refreshing data according to  the
embodiment of the present invention will be described.  Fig. 1 shows a
procedure for determining whether a data  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
determined 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 0,  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 -19 even-numbered tracks in
the area y is incremented by 1). [0039] If the value of even [y] is
updated, since there is  a possibility that the number of write on the
even-numbered  tracks reaches the value at which the refresh 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 procedure 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
-20 predetermined value, it is determined that the data is  about to be
deleted actually (109) and the data is  rewritten. In a typical magnetic
disk device, if the data  is not read properly in the first read operation,
the retry  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 q, 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
y 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. In 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 -21 (so that it would
not be necessary to repeat step 108) when  it would be determined that the
data must be rewritten  actually (for example, when the threshold value p
is  reached in step 105). [0042] 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 -22 on the even-numbered tracks in the area y in question next
time, it will be determined that the refresh is needed  again. Here, the
checking procedure by reading the data  before rewriting as shown 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  [y] 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 -23 refresh is needed or not once in steps 108 and
109, the  process is configured so that the read operation to check
whether the refresh is needed or not is not performed until  the write
operation is performed over r times. Such  configuration is implemented in
step 112. As shown in step  112, by subtracting r from the value of even
[y] in advance,  the condition even [y] >= p 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 too 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 [y]>= p is not
satisfied 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, q and r as described  above may vary depending on the
combination of the magnetic  disks and heads used actually or the write
current value, -24 it is preferable that the values of p, q and r may be
variable parameters defined separately for each disk  surface or each area.
[0048] In Fig. 1, if the track x is an 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 -25
phenomenon in which the adjacent tracks are deleted does  not occur until
half of the capacity of the entire magnetic  disk is used. [0051] 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 -26 area y on a magnetic disk surface in a
magnetic disk device  according to an embodiment of the present invention.
[Fig. 2] Fig. 2 is a diagram schematically showing a  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 is 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. 7] Fig.
7 is a drawing showing another example of a  correspondence between
physical track numbers and logical  track numbers on a magnetic disk. [Fig.
8] Fig. 8 is a diagram showing an exemplary -27 configuration in which a
magnetic disk surface is divided  into a plurality of areas according to
this embodiment.  [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 -28 410 MPU
501 Write head lower magnetic pole piece  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 -29 Fig. 1
101: Track x = even numbered 108: Read data on odd-numbered tracks in area
y  109: the number of retry >=q 110: Write data on odd-numbered tracks in
area y A: Read data on even-numbered  tracks in area y >=q : Write data on
even-numbered tracks in  area y Fig. 3 Data  servo  Track pitch Fig. 4 401:
Host computer  403: Data buffer 404: Servo controller  405: R/W channel
406: R/W amplifier 



Fig. 6  : Physical track number : Logical track number -30 Fig. 8 : Area
number Fig. 9 : Area number  : Number of write on even-numbered  physical
tracks : Number of write on odd-numbered  physical tracks -31 [What is
Claimed is]  [Claim 1] 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 the number of write of data on a given track  is 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.
[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 -32
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 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 -33
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. 



[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 -34 tracks.  [Claim 7] A magnetic disk device
according 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. 


