
1 [Title of Document] Specification  [Title of the Invention] Data Storage
Device and a Method of Controlling Write  of User Data thereof [Technical
Field]  [0001] The present invention relates to a data storage device  and a
method of controlling write of user data thereof, and  more particularly to
judgment about approval or disapproval  of write of user data to a medium.
[Background Art]  [0002] Devices using various types of media such as
optical  disks, magnetic tapes and semiconductor circuits are known  as data
storage devices. Among them, hard disk drives  (HDDs) have become popular as
storage devices for computers  to such an extent that they are one of the
storage devices  indispensable for today's computers. Further, not limited
to computers, their application is widening more and more  due to the
superior characteristics with the advent of  moving picture
recording/reproducing devices, car  navigation systems, mobile phones, and
removable memories  used in digital cameras and the like. [0003]  A magnetic
disk used in the HDD using a servo sector 



2 system has a plurality of data tracks which are  concentrically formed. A
plurality of servo data having  address information, and a plurality of data
sectors  containing user data are recorded in each data track. A  plurality
of data sectors are recorded between the servo  data. A head element
supported by a swinging actuator  accesses a desired data sector in
accordance with the  address information of the servo data, whereby data can
be  written to the data sector and the data can be read out  from the data
sector. [0004]  When in the HDD using the sector servo system as  described
above, a target data track is sought to access  the target data sector, a
mechanical vibration remains in  the actuator in some cases. This vibration
is mainly caused  by mechanical resonance of the actuator. When a frequency
of this residual vibration takes a value near a sampling  frequency, the HDD
cannot detect this vibration and  positional shift of the head element
accompanied by this  vibration by using a servo signal. If data is written
to a  magnetic disk in a state in which the actuator and the head  element
vibrate, a probability is high in which off-track  write is caused. [0005]
Then, for example, Patent Document 1 discloses a 



3 technique in which in the case where a signal in an off- track detection
area which exists not in a servo area but  in a data area is read and a
level of a regenerative output  of the signal concerned drops to a level
equal to or lower  than a threshold when data is recorded in the data area,
it  is judged that off-track has been generated, and thus the  data
recording is stopped. In the technique disclosed in  Patent document 1, when
the data is written to the magnetic  disk device, off-track detection signal
previously recorded  in an off-track detection area existing between the
servo  area and the servo area is read out with a read head, and  it is
determined whether or not the output level of the  off-track detection
signal exceeds a threshold in order to  judge presence or absence of the
off-track. [Patent document 1] Japanese Patent Laid-open No. 2003- 338146
[Disclosure of the Invention] [Problem to be Solved by the Invention]
[0006] However, in the technique of Prior document 1, in  order to detect a
position with a period shorter than a  servo sampling period, a pattern
(signal) for detection of  off-track stored in the off-track area provided
between the  data sectors is used. Thus, a different additional servo
signal is newly required in addition to the normal sector 



4 servo signal and user data sector. Hence, the number of  processing in a
servo write process increases, and a new  processing mechanism for
controlling the head position is  required. 0007]  The present invention has
been made with the  circumstances as described above as a background, and it
is  therefore an object of the present invention to prevent  off-track write
that will be caused due to a mechanical  vibration of a head by utilizing an
effective technique.  [Means for Solving Problem] [0008]  According to a
first aspect of the present invention,  there is provided a method of
controlling write of user  data to a medium having a plurality of servo data
disposed  circumferentially at intervals in each track, and data  sectors
located between the servo data , comprising:  positioning a head above a
target track in which the user  data is to be written on the rotating medium
by using read- out servo data; reading the data sectors of the target  track
with said head; and determining approval or  disapproval of write of data to
said medium by using a read  signal for the data sector. The approval or
disapproval of  write of data to the medium is determined by using the read
signal for the data sector, whereby a vibration which 



5 cannot be precisely detected based on the servo data can be  detected, and
thus the off-track write that will be caused  due to the vibration can be
prevented. [0009]  According to a second aspect of the present invention,
in the first aspect, a fluctuation of a read signal for a  data sector
within a servo sector is detected, and the  approval or disapproval of write
of data to the medium is  determined by using the fluctuation. As a result,
the head  vibration caused between the adjacent servo data can be
effectively detected, and thus the off-track write that  will be caused due
to the head vibration can be prevented. According to a third aspect of the
present invention,  in the second aspect, fluctuations of read signals for
data  sectors within a plurality of servo sectors are detected,  and the
approval or disapproval of write of data to the  medium is determined by
using the respective fluctuations  of the read signals of the plurality of
servo sectors. As a  result, the judgment for the approval or disapproval
can be  more precisely performed. [0010]  According to a fourth aspect of
the present invention,  in the second aspect, the approval or disapproval of
write  of data to said medium is determined by using a fluctuation  of the
read signal for the data sector in a single servo 



6 sector. As a result, the judgment for the approval or  disapproval based
on the efficient processing can be  performed. According to a fifth aspect
of the present invention,  in the third aspect, the approval or disapproval
of write  of data to the medium is determined by using a maximum  value and
a minimum value of the read signal for the data  sectors in said servo
sector. As a result, the vibration  can be precisely and readily detected.
[0011]  According to a sixth aspect of the present invention,  in the third
aspect, the plurality of servo sectors are  continuous servo sectors. As a
result, the judgment for the  approval or disapproval can be more precisely
performed. According to a seventh aspect of the present invention,  in the
first aspect, the approval or disapproval of write of data to the medium is
determined by using a head  position identified by the servo data, and a
read signal  for the data sector in the same servo sector as that of the
servo data. As a result, the precise judgment for the  approval or
disapproval can be performed with less data.  [0012] According to an eighth
aspect of the present invention,  in the first aspect, the approval or
disapproval of write of data to the medium is determined by using a head 



7 position and a head speed identified by the servo data, and  a read signal
for the data sector in the same servo sector  as that of the servo data. As
a result, the precise judgment for the approval or disapproval can be
performed  with less data. [0013]  According to a ninth aspect of the
present invention,  there is provided a data storage device for writing user
data to a medium having a plurality of servo data disposed
circumferentially at intervals in each track, and data  sectors located
between the servo data , comprising: a head  for reading out the servo data
and the data sectors from  said medium; and a controller for controlling
positioning  of the head above a target track in which the user data is  to
be written on the rotating medium by using the read-out  servo data, and for
determining approval or disapproval of  write of the user data to said
medium by using a read  signal for the data sector in the target track. The
approval or disapproval of write of data to the medium is  determined by
using the read signal for the data sector,  whereby a vibration which cannot
be precisely detected  based on the servo data can be detected, and thus the
off- track write that will be caused due to the vibration can be  prevented.
[0014] 



8 According to a tenth aspect of the present invention,  in the ninth
aspect, the controller determines the approval  or disapproval of write of
the user data to the medium by  using a fluctuation of a read signal for a
data sector  within a servo sector. As a result, the head vibration  caused
between the adjacent servo data can be effectively  detected, and thus the
off-track write that will be caused  due to the head vibration can be
prevented. According to an eleventh aspect of the present  invention, in the
tenth aspect, the controller determines  the approval or disapproval of
write of the user data to  the medium by using fluctuations of read signals
within the  plurality of servo sectors. As a result, the judgment for  the
approval or disapproval can be more precisely performed.  [0015] According
to a twelfth aspect of the present invention,  in the tenth aspect, the
controller determines the approval  or disapproval of write of the user data
to the medium by  using the fluctuation of the read signal for the data
sector in a single servo sector. As a result, the judgment  for the approval
or disapproval based on the efficient  processing can be performed.
According to a thirteenth aspect of the present  invention, in the ninth
aspect, the controller determines  the approval or disapproval of write of
the user data to 



9 the medium by using a maximum value and a minimum value of  the read
signal for the data sector in the servo sector. As  a result, the vibration
can be precisely and readily detected.  [0016]  According to a fourteenth
aspect of the present invention, in the eleventh aspect, the plurality of
servo  sectors are continuous servo sectors. As a result, the  judgment for
the approval or disapproval can be more  precisely performed. According to a
fifteenth aspect of the present  invention, in the ninth aspect, the
controller determines  the approval or disapproval of write of the user data
to  the medium by using a head position identified by the servo  data, and a
read signal for the data sector in the same  servo sector as that of the
servo data. As a result, the  precise judgment for the approval or
disapproval can be  performed with less data. [0017]  According to a
sixteenth aspect of the present  invention, in the ninth aspect, the
controller determines  the approval or disapproval of write of the user data
to  said medium by using a head speed identified by the servo  data, and a
read signal for the data sector in the same  servo sector as that of the
servo data that specifies the 



10 head speed. As a result, the precise judgment for the  approval or
disapproval can be performed with less data. According to a seventeenth
aspect of the present  invention, in the ninth aspect, the controller
determines  the approval or disapproval of write of the user data to  said
medium by using head positions and head speeds associated with the plurality
of servo data, and read  signals for the data sectors in the respective
servo  sectors of the plurality of servo data. As a result, the  precise
judgment for the approval or disapproval can be  performed with less data.
[Effects of the Invention]  [0018] According to the present invention, it is
possible to  prevent the off-track write that will be caused due to the
head vibration. [Best Mode for Carrying Out the Invention]  [0019]
Hereinafter, an embodiment to which the present  invention can be applied
will be described. For the sake of  clarification of a description, omission
and simplification  are suitably made in the following description and
drawings.  In addition, in the drawings, the same constituent elements  are
designated with the same reference numerals, and for the sake of
clarification of a description, a repeated 



11 description is omitted if necessary.  [0020] One of characteristic points
in write processing  control of this embodiment is judgment for approval or
disapproval of write of user data to a magnetic disk. In  particular, in
write processing, the approval or  disapproval of write of the user data to
the magnetic disk  11 is judged by using a read signal for the user data in
addition to servo data. As a result, an actuator vibration  which cannot be
precisely detected based on the servo data  is detected to prevent off-track
write. Hereinafter, the  embodiment of the present invention will be
described by  exemplifying a hard disk drive (HDD) as an example of a  data
storage device. [0021]  To make understanding of the characteristic points
of  this embodiment easy, firstly, an outline of an overall  configuration
of the HDD will be described. Fig. 1 is a  block diagram schematically
showing an HDD I according to  this embodiment. As shown in Fig. 1, the HDD
1 includes a  magnetic disk 11 as an example of a medium (recording
medium), head elements 12 as an example of a head, an arm  electronics (AE)
13, a spindle motor (SPM) 14, a voice coil  motor (VCM) 15, and an actuator
16, which are provided in a  hermetically sealed enclosure 10. 



12 [0022]  The HDD 1 is provided with a circuit board 20 which is fixed to
the outside of the enclosure 10. The HDD 1 has on  the circuit board 20 ICs
such as a read write channel (R/W  channel) 21, a motor driver unit 22, and
an integrated  circuit of a hard disk controller (HDC) and an MPU
(hereinafter referred to as an HDC/MPU) 23, and a RAM 24.  Incidentally, the
individual circuits can be integrated in  configuration into one IC or can
be separated into a  plurality of ICs for mounting. [0023]  User data from
an external host 51 is received by the  HDC/MPU 23 and written to the
magnetic disk 11 through the  R/W channel 21 and the AE 13 by the head
element 12. in  addition, the user data stored in the magnetic disk 11 is
read out by the head element 12, and outputted to the  external host 51 from
the HDC/MPU 23 through the AE 13 and  the R/W channel 21. [0024]  Next, the
constituent elements of the HDD 1 will be  described. The magnetic disk 11
is fixed to the SPM 14.  The SPM 14 rotates the magnetic disk 11 at a
predetermined  speed. The motor driver unit 22 drives the SPM 14 in
accordance with control data from the HDC/MPU 23. The  magnetic disk 11 of
this example includes recording 



13 surfaces on which data is to be recorded on its both sides,  and the head
element 12 is provided in association with  each recording surface. [0025]
Each of the head elements 12 is fixed to a slider (not  shown) . In
addition, the slider is fixed to an end portion  of the actuator 16. The
actuator 16 is coupled to the VCM  15 and swings about a pivot shaft,
thereby radially moving  the head elements 12 (and the slider) on the
rotating  magnetic disk 11. The motor driver unit 22 drives the VCM  15 in
accordance with the control data (referred to as  DACOUT) from the HDC/MPU
23. [0026]  The head element 12 includes a write element for  converting an
electrical signal into a magnetic field in  accordance with recording data
to be recorded in the  magnetic disk 11, and a read element for converting
the  magnetic field from the magnetic disk 11 into the  electrical signal.
It should be noted that one or more  sheets of magnetic disks 11 are
provided and the recording  surface can be formed on one side or both sides
of the  magnetic disk 1. [0027]  The AE 13 selects one head element 12 for
accessing  the magnetic disk 11 from among a plurality of head 



14 elements 12, amplifies (pre-amplifies) a regenerative  signal read out by
the head element 12 thus selected with a  given gain, and sends the
regenerative signal to the R/W  channel 21. In addition, the AE 13 sends the
recording  signal from the R/W channel 21 to the selected head element  12.
[0028]  When transferring the user data to the host 51, the  R/W channel 21
executes read processing. In the read  processing, the R/W channel 21
amplifies the read signal  supplied from the AE 13 so that the read signal
has a given  amplitude, extracts data from the acquired read signal, and
executes decode processing. The data thus read contains the  user data and
the servo data. The read user data subjected  to the decode processing is
supplied to the HDC/MPU 23.  [0029] In addition, the R/W channel 21 executes
write  processing for the user data transferred thereto from the  host 51.
The R/W channel 21 executes the write processing  in accordance with a
control signal from the HDC/MPU 23. In  the write processing, the R/W
channel 21 code-modulates the  write data supplied from the HDC/MPU 23,
converts the write  data thus code-modulated into a write signal, and
supplies  the resulting write signal to the AE 13. [0030] 



15 In the HDC/MPU 23, the MPU operates in accordance with  a code loaded
into the RAM 24. With the activation of the  HDD 1, in addition to the code
for permitting the MPU to  operate, data required for the control and data
processing  is loaded from the magnetic disk 11 or the ROM (not shown)  into
the RAM 24. The HDC/MPU 23 executes overall control  for the HDD 1 in
addition to processing required for data  processing such as read/write
processing control,  management of order of command execution, positioning
control (servo control) for the head elements 12 by using a  servo signal,
interface control, and defect management.  [0031] One of points to be
noticed in this embodiment is a  technique for judging approval or
disapproval of write of  the user data to the magnetic disk 11. In the write
processing, the HDC/MPU 23 of this embodiment judges the  approval or
disapproval of write of the user data to the  magnetic disk 11 by using a
read signal for the user data  in addition to the servo data. With the above
technique, an  actuator vibration which is nearly synchronized with the
servo sampling is detected in order to prevent off-track  write. The
vibration detecting technique and the write  approval/disapproval judging
processing will be described  in detail later. [0032] 



16 Referring to Fig. 2, recorded data on the magnetic  disk 11 will be
described. Fig. 2 schematically shows a  state of the recorded data on a
recording surface of the  magnetic disk 11. As shown in Fig. 2, a plurality
of servo  areas 111 and data areas 112 are formed on the recording  surface
of the magnetic disk 11. The plurality of servo  areas 111 extend radially
in a radial direction from a  center of the magnetic disk 11 and which are
formed  separately from each other at intervals of a predetermined  angle.
The data areas 112 are formed between the  corresponding adjacent servo
areas 111. The servo areas 111  and the data areas 112 are alternately
provided at  intervals of a predetermined angle. The servo data used to
perform the positioning control for the head elements 12 is  recorded in
each of the servo areas 111. The user data is  recorded in each of the data
areas 112. [0033]  A plurality of tracks 113 each of which has a
predetermined width in the radial direction and which are  concentrically
formed are formed on the recording surface  of the magnetic disk 11. The
servo data and the user data  are recorded along the tracks 113. One track
113 includes a  plurality of data sectors (recording units of the user
data) each of which is provided between the corresponding  servo areas 111.
That is to say, each of the tracks 113 



17 contains a plurality of servo data which are disposed  separately from
one another at intervals of the  predetermined angle, and a plurality of
data sectors each  of which is disposed between the corresponding servo
data.  In addition, in this specification, a sector extending from  one
servo data to a data sector right before next servo  data in one track is
referred to as one servo sector.  [0034] A plurality of tracks 113 are
grouped into a plurality  of zones 114 according to radial positions of the
magnetic  disk 11. The number of data sectors contained in one track  113 is
set in each of the zones. In Fig. 2, three zones  114a to 114c are
exemplified. A recording frequency is  changed every zone, whereby it is
possible to increase a  recording density of the overall magnetic disk 11.
[0035]  Hereinafter, a technique for controlling user data  write to the
magnetic disk 11 will be described. The HDD 1  of this embodiment performs
write processing control by  using an amplitude of the read signal for the
data sector  (user data) in addition to the servo data. The read signal  for
the data sector is used to detect the actuator  vibration synchronized with
servo sampling. When there is  the vibration exceeding a reference, Write
Inhibit is set.  As a result, the head vibration can be detected which 



18 cannot be detected based on a servo signal, and off-track  write due to
the head vibration can be prevented. 0 0 3 61 Fig. 3(a) schematically shows
a situation in which the  read element 121 included in the head element 12
makes  track following. There is shown a situation of movement of  the read
element 121 between two pieces of servo data 211a  and 211b. Seven data
sectors 212a to 212g are recorded  between the two pieces of servo data 211a
and 211 b. That  is to say, in this track, one servo sector is constituted
by the servo data 211a, and the seven servo data sectors  212a to 212g. 0
0371 When the read element 121 radially vibrates at the  same frequency as
the servo sampling frequency or at a  frequency which is integral multiples
of the servo sampling  frequency as shown in Fig. 3, the HDD I can detect
the  vibration based on the servo signal since the servo signal  read out by
the read element 121 does not change. When the  user data is started to be
written to the magnetic disk 11  in this state, the off-track write takes
place, and thus  new different user data is overwritten to the user data of
the adjacent track. (00381  On the other hand, the amplitude of the read
signal 



19 for the data sector 212 changes in accordance with the  vibration caused
in one servo sector. One of values  representing the amplitude of the
reading signal for the  data sector is read back signal amplitude. The read
back  signal amplitude is a value representing the actual signal  amplitude
when the read element 121 reads out a pattern  within the data sector. That
is to say, as shown in Fig.  3(b), the read back signal amplitude changes
such that it  monotonously decreases in a radial distance from a  following
track center of the read element 121. [0039)  Thus, the read back signal
amplitude is used to detect  the vibration (head vibration) of the actuator
16, i.e.,  the head element 12. When the actuator is beyond the limits  of a
reference, the data write to the magnetic disk 11 is  inhibited. In this
way, write is permitted under a  condition in which the head vibration falls
within the  limits of the reference, whereby it is possible to  effectively
prevent the off-track write from being caused.  In addition, since the head
vibration results from the  mechanical resonance of the actuator, it
decreases with  time. Hence, when the head vibration exceeds the reference,
the HDD 1 does not start to write the user data to the  magnetic disk 11
until the vibration of the actuator  becomes small. 



20 [0040]  The HDD 1 of this embodiment uses a fluctuation of the read back
signal amplitude in order to precisely detect the  vibrations of the head
elements 12. Since a factor to be  detected is the mechanical head vibration
between the servo  data, the fluctuation of the read back signal amplitude
in  this area becomes a problem. When the fluctuation  remarkably exceeds a
reference value, write is inhibited,  while when the fluctuation falls
within the reference,  write is permitted. [0041] Preferably, as shown in
Fig. 3(b), the magnitude of  the fluctuation of the read back signal
amplitude is judged  by using a difference between a maximum value (MAX) and
a  minimum value (MIN) of a read back signal envelope between  the servo
sectors 211a and 211b. For example, the approval  or disapproval of write
can be determined by comparing A _  (MAX - MIN) with a previously set value.
In addition thereto, a calculated value such as MAX/MIN or (MAX - MIN)/MIN
can be used in order to determine approval or  disapproval of write.
Incidentally, to avoid an influence  of noises, for example, the maximum
value (MAX) of the  amplitude may also be determined from among the
amplitudes  except for the amplitudes beyond the limits of the  specified
amplitude. 



21 [0042]  The HDD 1 can determine the approval or disapproval of write by
using the fluctuation of the read back signal  amplitude in one or a
plurality of servo sectors. For  example, the fluctuation of the read back
signal amplitude  in the servo sector right before the servo sector to which
the user data is written is detected, and the approval or  disapproval of
write can be determined based on the  magnitude of the detected fluctuation.
It is preferable in  terms of processing efficiency or performance that the
approval or disapproval of write is judged based on the  fluctuation of the
read back signal amplitude in the single  servo sector. [0043]
Alternatively, if the HDD 1 detects the fluctuations  of the read back
signal amplitudes in a plurality of servo  sectors and the magnitude of each
fluctuation detected  falls within the limits of the reference, the HDD 1
can  permit data write to the magnetic disk 11. For more precise  vibration
detection, it is preferable to use the  fluctuations of the read back signal
amplitudes in a  plurality of servo sectors. In addition, it is preferable
that a plurality of servo sectors be continuous. [0044]  At that, a change
in read signal amplitude in the data 



22 sector, for example, can also be obtained from a variable  gain amplifier
(VGA) gain included in the R/W channel 12.  The VGA performs gain adjustment
so that the amplitude of a  preamble as a given frequency signal within the
data sector  becomes constant. The HDD 1 can determine the data sector  read
signal amplitude associated with the data sectors from  the gain. The HDD 1
allows the VGA gain to detect the read  back signal amplitudes in the data
sectors 212a to 212g  between the servo sectors 211a and 211b to judge the
magnitude of the amplitude fluctuation from the maximum  value (MAX) and the
minimum value (MIN) among them. [0045]  Subsequently, an overall flow of
write processing of  this embodiment will be described. Fig. 4 shows a
change in  the servo signal accompanied by the movement of the head  element
12 in the write processing. Each circle represents  a head position, and the
head position changes from a left- hand side to a right-hand side in the
figure. The head  position can be represented by a value of a position
signal  (PES: Position Error Signal) read out by the head element  12 (the
read element 121). The position signal is  determined based on address data
and a burst of the servo  signal. [0046] In the write processing, the head
element 12 performs 



23 an operation for seek from a current track to a target  track. The head
element 12 is moved within a track width  411 of the target track and then
enters a seek completion  position range 412. Thereafter, the head element
12 makes  following along the track center 413 of the data track. The  HDD 1
of this embodiment permits user data write to the  magnetic disk 11 when the
head position determined based on  the position signal, the head speed
determined similarly  based on the position signal, and the mechanical
vibration  detected from the read back signal amplitude fulfill their
respective conditions. [0047]  More specifically, a first condition is such
that the  head speed obtained from a change in position signal falls  within
the limits of a reference value. Moreover, it is a  second condition that
the value of the position signal  falls within a write permission range 414
as a reference  range. A plurality of continuous servo signals need to
fulfill these two conditions. Fig. 4 shows an example in  which four
continuous signals 451 need to fulfill the  above-mentioned two conditions.
[0048] In the HDD 1 of this example, it is a condition for  write permission
that the fluctuation of the read back  signal amplitude in the data sector
falls within the 



24 reference range. In the example of Fig. 4, the HDD 1  performs the
judgment about the head vibration at timing  421 after the four servo
signals 451 have fulfilled the  established conditions about the head
position and the head  speed. When the fluctuation of the read back signal
amplitude falls within the reference range, write is  permitted in the
forward servo sectors in and after the  next servo sector 422. [0049]  The
above-mentioned write approval/disapproval judging  processing will now be
described in detail with reference  to a flow chart of Fig. 5, and Fig. 4.
The HDD/MPU 23  executes the write approval/disapproval judging processing
by using the data obtained from the R/W channel 21. When  the write
processing is started, the HDC/MPU 23 acquires  pieces of servo data in
accordance with the movement of the  head element 12 (S11). More
specifically, the R/W channel  21 extracts the servo data from the servo
signal read out  by the head element 12 and transfers the servo data thus
extracted to the HDC/MPU 23. [0050]  Next, the HDC/MPU 23 judges whether or
not each of the  head positions (each of the position signals) falls within
the seek completion position range 412 (S12). When each of  the head
positions does not fall within the seek completion 



25 position range 412, the counter is reset (S13) and the  operation returns
back to the step (S11) of acquiring the  next servo data. The counter, as
shown in Fig. 4, is used  to judge whether or not a plurality of pieces of
continuous  servo data 451 fulfill the specified conditions. When each  of
the head positions falls within the seek completion  position range 412, the
HDC/MPU 23 judges whether or not  the head speed falls within the seek
completion speed range  as the reference range (S14). [0051]  When the head
speed does not fall within the seek  completion speed range, the counter is
reset (S13), and the  operation returns back to the step (S11) of acquiring
the  next servo data. When the head speed falls within the seek  completion
speed range, it is judged whether or not each of  the head positions (each
of the position signals) falls  within the write permission range 414 (S15).
When each of  the head positions (each of the position signals) does not
fall within the write permission range 414, the counter is  reset (S13), and
the operation returns back to the step  (S11) of acquiring the next servo
data. When each of the  head positions (each of the position signals) falls
within  the write permission range 414, the HDC/MPU 23 judges  whether or
not a count number exceeds a reference value N  (3 in the example of Fig. 4)
(S16). When the count number 



26 does not exceed N, the HDC/MPU 23 increments the count  number (S17), and
the operation returns back to the step  (Sll) of acquiring the next servo
data. [00521  When the count value exceeds the reference value N  (S16), the
HDC/MPU 23 judges whether or not the fluctuation  of the read back signal
amplitude falls within the limits  of the reference (S18). This judgment can
be performed in  accordance with the above-mentioned technique, e.g., under
a condition for the permission that L = (MAX - MIN) does  not exceed the
reference value. When the amplitude  fluctuation does not fall within the
limits of the  reference (S18), the HDC/MPU 23 resets the counter (S19),
and thereafter waits for stop of the vibration of the head  element 12 (S20)
. More specifically, after stopping  processing for the predetermined
specified time, the  HDC/MPU 23 restarts the processing in and after the
step  (Sll) of acquiring the next servo data. On the other hand,  when the
amplitude fluctuation of the read back signal  falls within the limits of
the reference (S18), the HDC/MPU  23 performs the judgment about the write
permission (S21),  and writes the user data in the target data sector. 0 0 5
3 1, In the above-mentioned processing flow, the write  approval/disapproval
judgment is performed based on the 



27 amplitude fluctuation of the single read back signal in one  servo sector
right after the head position and the head  speed fulfill the specified
conditions. Unlike this, the  write approval/disapproval judgment can also
be performed  by using the amplitude fluctuations in a plurality of servo
sectors after the head position and the head speed fulfill  the specified
conditions. For example, the HDC/MPU 23  includes another counter, and
permits write when each of  the fluctuations of the read back signal
amplitudes in a  plurality of continuous servo sectors is equal to or
smaller than the reference value. As a result, the more  precise amplitude
judgment is performed, and the off-track  write is more reliably prevented.
In this case, a plurality  of servo sectors for the judgment about the
vibration are  required in addition to a plurality of servo sectors for  the
judgment about the head speed and the head position.  [0054] A flow chart of
Fig. 6 shows another preferable write  approval/disapproval judging
processing flow. In this write  approval/disapproval judging processing
flow, unlike the  example of Fig. 5, the judgment about the head vibration
is  performed together with the judgment about the head  position and the
head speed. Thus, the precise judgment  about the vibration is performed by
using a plurality of  servo sectors, and the number of servo sectors for the



28 write approval/disapproval judgment is reduced to enhance  the
performance. This processing flow is different from the  processing flow
described above with reference to Fig. 5 in  that the vibration judging step
(S18) is executed before  the step of judging the count number (S16). [00551
That is to say, when the head speed falls within the  seek completion speed
range (S14), and the head position  falls within the write permission range
414 (S15), the  HDC/MPU 23 further acquires the read back signal amplitude
of the data sector within the servo sector concerned, and  executes judgment
processing (S18) about the fluctuation  thereof. When the signal amplitude
fluctuation falls within  the limits of the reference, the HDC/MPU 23
increments the  counter (S17). When the read back signal amplitude
fluctuation exceeds the reference value, the HDC/MPU 23  resets the counter
(S19) and repeatedly executes the  processing in and after the step (S11) of
acquiring the  next servo data after waiting for the stop of the head
vibration (S20). [00561 In this way, the head vibration judging processing
(S18) using the data sector read signal is executed with  respect to the
same servo sector as that of the servo  signal together with the processing
(S13 to S15) for 



29 judging the head speed and the head position using that  servo signal,
whereby the efficient judgment processing can  be executed even when the
vibration judging processing is  executed with respect to a plurality of
servo sectors. As a  result, the reduction of the performance can be
suppressed.  [0057) Next, signal processing within the HDD 1 in the write
approval/disapproval judgment processing will be concretely  described in
detail. As described above, the HDC/MPU 23  executes the write
approval/disapproval judging processing  by using the data from the R/W
channel 21. Fig. 7 shows  transmission signals transmitted among the HDC/MPU
23, the  R/W channel 21 and the AE 13. Fig. 8 is a timing chart  about these
signals. It should be noted that this timing  chart schematically shows
changes in signals, but does not  precisely reflect the timing in the actual
HDD. Figs. 7 and  8 show an example of the head vibration judging
processing,  and processing for writing the user data in the servo  sector
next to the servo sector for which write is judged  to be permitted. [0058]
As shown in Fig. 7, the HDC/MPU 23 outputs control  signals, i.e., a write
gate signal (Write Gate), a read  gate signal (Read Gate), and a servo gate
signal (Servo Gate) to the R/W channel 21. The write gate signal 



30 (Write Gate) is a signal used to control write of the user data to the
magnetic disk 11. The read gate signal (Read Gate) is a signal used to
control read of the user  data from the magnetic disk 11. The servo gate
signal  (Servo Gate) is used to control read of the servo data from  the
magnetic disk 11. [0059]  A servo data signal (Servo-Data-Signal) and a read
user data signal (Read User Data Signal) amplified by the  AE 13 are
transferred to the R/W channel 21. The R/W  channel 21 generates servo data
(Servo Data) from the servo  data signal (Servo_Data_Signal) and transfers
the resulting  servo data to the HDC/MPU 23. The HDC/MPU 23 generates
DACOUT as a VCM 15 control signal from the servo data in  order to control
the head position, and outputs DACOUT to  the motor driver unit 22. [0060]
Moreover, the R/W channel 21 identifies a maximum  value (MAX) and a minimum
value (MIN) of the read back  signal amplitude in the corresponding servo
sector from the  read user data signal (Read-User-Data-Signal) transferred
thereto from the AE 13, and stores the maximum value and  the minimum value
identified in a register (not shown)  within the R/W channel 21. The HDC/MPU
23 acquires these  values (MAX, MIN) from the register at timing for the
head 



31 vibration judgment. In write of the data to the magnetic  disk 11, the
write data (Write Data) is transferred from  the HDC/MPU 23 to the R/W
channel 21. The R/W channel 21  then generates a write data signal
(Write_Data_Signal) from  the transferred write data, and outputs the write
data  signal to the AE 13. [0061]  As shown in Fig. 8, when the servo gate
signal  (Servo Gate) is at LOW (Asssert), the servo data (Servo Data) 211 is
read out from the magnetic disk 11. In  addition, when the write gate signal
(Write Gate) is at LOW  (Asssert), the write data (Write Data) is written to
the  magnetic disk 11. Moreover, for the HDD 1 of this  embodiment to
perform the head vibration judgment, when the  head gate signal (Read Gate)
is at LOW (Asssert), the user  data (Read_User_Data) 212 is read out from
the magnetic  disk 11. [0062] In the example of Fig. 8, the HDC/MPU 23
judges the  write approval/disapproval by using the maximum value MAX  and
the minimum value MIN of the read back signal amplitude  of a data sector
212r at timing indicated by an arrow. It  should be noted that, before this
timing, the HDC/MPU 23  has already judged that the head speed and the head
position fulfill the specified conditions. In this example, 



32 since the head vibration falls within a tolerance, the  write data is
immediately written to each target data  sector 212w in the next servo
sector. [0063]  While the present invention has been described so far  by
giving the preferred embodiment as the example, the  present invention is
not limited to the above-mentioned  embodiment. Those skilled in the art can
readily change,  add, and convert the constituent elements of the above-
mentioned embodiment within the scope of the present  invention. For
example, the write approval/disapproval can  also be determined by using the
fluctuation of the read  back signal between a plurality of servo sectors
instead of  using the fluctuation of the read back signal within one  servo
sector. In addition, the present invention is not  limited to the HDD, and
thus can be applied to the data  storage devices using other types of media.
[Brief Description of Drawings]  [0064] [Fig. 1] Fig. 1 is a block diagram
schematically showing an  overall configuration of an HDD according to this
embodiment. [Fig. 2] Fig. 2 is a diagram schematically showing a physical 



33 format of data recorded on a magnetic disk according to  this embodiment.
[Fig. 3] Fig. 3 is a diagram showing a situation in which a  read element
according to this embodiment makes track  following, and a read back signal
change accompanied by the  track following. [Fig. 4] Fig. 4 is a diagram
showing a change in servo signal  accompanied by movement of a head element
in write  processing according to this embodiment. [Fig. 5] Fig. 5 is a flow
chart concretely showing write  approval/disapproval judging processing
according to this  embodiment. [Fig. 6] Fig. 6 is a flow chart showing write
approval/disapproval judging processing of another aspect  in this
embodiment. [Fig. 7] Fig. 7 is a block diagram showing transmission  signals
transmitted among an HDC/MPU, an R/W channel and an  AE. [Fig. 8] Fig. 8 is
a timing chart showing changes in signals 



34 shown in Fig. 7 in head vibration detection and write
approval/disapproval judging processing according to this  embodiment.
[Description of Reference Numerals]  [0065] 1 ... hard disk drive  10 ...
enclosure 11 ... magnetic disk  12 ... head element  14 ... spindle motor 15
... voice coil motor  16 ... actuator 20 ... circuit board 21 ... read write
channel  22 ... motor driver unit 23 ... hard disk controller/MPU  51 ...
host 111 ... servo area 112...data area 113...track 211...servo data
212...data sector 35 FIG. 1 21 ... R/W CHANNEL 



22 ... MOTOR DRIVER UNIT  51 ... HOST FIG. 2 111 ... SERVO AREA  112 ...
DATA AREA  113 ... TRACK  114a ... ZONE  114b ... ZONE  114c ... ZONE FIG.
3(b) READ BACK SIGNAL FIG.4 411...TRACK WIDTH 412...SEEK COMPLETION POSITION
RANGE 413...DATA TRACK CENTER 414... WRITE PERMISSION RANGE 421... WRITE
APPROVAL/DISAPPROVAL JUDGMENT 422...WRITE PERMISSION (SPEED) 36 FIG. 5 START
S11... ACQUIRE NEXT SERVO DATA S12...POSITION < SEEK COMPLETION POSITION
RANGE S13...RESET COUNT S14...SPEED < SEEK COMPLETION SPEED RANGE 



S15...POSITION < WRITE APPROVAL RANGE S16... COUNT NUMBER > N S17...INCREASE
COUNT NUMBER S18...READ SIGNAL FLUCTUATION > REFERENCE VALUE S19...RESET
COUNT S20... WAIT FOR VIBRATION STOP S21... WRITE APPROVAL NEXT PROCESSING
FOR WRITE FIG. 6 START S11... ACQUIRE NEXT SERVO DATA S12...POSITION < SEEK
COMPLETION POSITION RANGE S13...RESET COUNT S14...SPEED < SEEK COMPLETION
SPEED RANGE S15...POSITION < WRITE APPROVAL RANGE S16...COUNT NUMBER > N
S17...INCREASE COUNT NUMBER S18...READ SIGNAL FLUCTUATION > REFERENCE VALUE
37 S19...RESET COUNT S20...WAIT FOR VIBRATION STOP S21... WRITE APPROVAL
NEXT PROCESSING FOR WRITE FIG. 7 21 ... R/W CHANNEL 



22 ... MOTOR DRIVER UNIT 38 [Title of Document] Claims  [Claim 1] A method
of controlling write of user data to a medium  having a plurality of servo
data disposed circumferentially  at intervals in each track, and data
sectors located between the servo data , comprising: positioning a head
above a target track in which the  user data is to be written on the
rotating medium by using  read-out servo data; reading the data sectors of
the target track with said  head; and determining approval or disapproval of
write of data  to said medium by using a read signal for the data sector.
[Claim 2] A method according to claim 1, wherein a fluctuation  of a read
signal for a data sector within a servo sector is  detected, and the
approval or disapproval of write of data  to said medium is determined by
using the fluctuation detected.  [Claim 3] A method according to claim 2,
wherein fluctuations of  read signals for data sectors within a plurality of
servo  sectors are detected, and the approval or disapproval of  write of
data to said medium is determined by using the  



respective fluctuations of the read signals of the 39 plurality of servo
sectors.  [Claim 4] A method according to claim 2, wherein the approval or
disapproval of write of data to said medium is determined  by using a
fluctuation of the read signal for the data  sector in a single servo
sector. [Claim 5] A method according to claim 2, wherein the approval or
disapproval of write of data to said medium is determined  by using a
maximum value and a minimum value of the read  signal for the data sectors
in said servo sector. [Claim 6] A method according to claim 3, wherein the
plurality  of servo sectors are continuous servo sectors. [Claim 7] A method
according to claim 1, wherein the approval or  disapproval of write of data
to said medium is determined  by using a head position identified by the
servo data, and  a read signal for the data sector in the same servo sector
as that of the servo data. [Claim 8] A method according to claim 1, wherein
the approval or  disapproval of write of data to said medium is determined
by using a head position and a head speed identified by the  



servo data, and a read signal for the data sector in the 40 same servo
sector as that of the servo data.  [Claim 9] A data storage device for
writing user data to a  medium having a plurality of servo data disposed
circumferentially at intervals in each track, and data  sectors located
between the servo data , comprising: a head for reading out the servo data
and the data  sectors from said medium; and a controller for controlling
positioning of the head  above a target track in which the user data is to
be  written on the rotating medium by using the read-out servo  data, and
for determining approval or disapproval of write  of the user data to said
medium by using a read signal for  the data sector in the target track.
[Claim 10] A data storage device according to claim 9, wherein  said
controller determines the approval or disapproval of  write of the user data
to said medium by using a  fluctuation of a read signal for a data sector
within a  servo sector. [Claim 11] A data storage device according to claim
10, wherein  said controller determines the approval or disapproval of
write of the user data to said medium by using fluctuations  



of read signals within a plurality of servo sectors. 41 [Claim 12] A data
storage device according to claim 10, wherein  said controller determines
the approval or disapproval of  write of the user data to said medium by
using a  fluctuation of the read signal for the data sector in a  single
servo sector. [Claim 13] A data storage device according to claim 9, wherein
said controller determines the approval or disapproval of  write of the user
data to said medium by using a maximum  value and a minimum value of the
read signal for the data  sector in the servo sector. [Claim 14] A data
storage device according to claim 11, wherein  the plurality of servo
sectors are continuous servo sectors.  [Claim 15] A data storage device
according to claim 9, wherein  said controller determines the approval or
disapproval of  write of the user data to said medium by using a head
position identified by the servo data, and a read signal  for the data
sector in the same servo sector as that of the  servo data. [Claim 16] A
data storage device according to claim 9, wherein  



said controller determines the approval or disapproval of 42 write of the
user data to said medium by using a head speed  identified by the servo
data, and a read signal for the  data sector in the same servo sector as
that of the servo  data that specifies the head speed. [Claim 17] A data
storage device according to claim 9, wherein  said controller determines the
approval or disapproval of  write of the user data to said medium by using
head  positions and head speeds associated with the plurality of  servo
data, and read signals for the data sectors in the  respective servo sectors
of the plurality of servo data. 




