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Device and a Method of Controlling Wite of User Data thereof [Technical
Field] [0001] The present invention relates to a data storage device and a
met hod of controlling wite of user data thereof, and nore particularly to
j udgment about approval or di sapproval Iof wite of user data to a nedium

[ Background Art] [0002] Devices using various types of nmedia such as
optical disks, nmagnetic tapes and sem conductor circuits are known as data
storage devices. Anmong them hard disk drives (HDDs) have becone popul ar as

storage deyrgesef gt §QHBME§EF sbecs¥ghzanogxtent that they are one of the
storage devices indispensable for today's conputers. Further, not limted

to conputers;ribebt apel raathenohs W dening nore and nore due to the
superior characteristics with the advent of

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



novi ng picture recording/reproduci ng devices, car navigation systens,
nobi | e phones, and renovable nenories used in digital caneras and the |ike.
[0003] A magnetic disk used in the HDD using a servo sector 2 systemhas a
plurality of data tracks which are concentrically formed. A plurality of
servo data having address i nf or mation, Zand a plurality of data sectors
contai ning user data are recorded in each data track. A plurality of data
sectors are recorded between the servo data. A head el enent supported by a
SW ngi ng actuator accesses a desired data sector in accordance with the

address i nfgspBhi RAsOh pharservg odt datwherabysdanhdactamdee witten to the
data sector and the data can be read out fromthe data sector. [0004] When

in the HDD-YgkBHtENEa3EGt @brEEVO SYSham Aty desdbes aboyenaaingrget data
track is sought to access the target data sector, a nechanical vibration
remai ns inggthesact HabehakRofONManeasep1ulhilS tyl Bradaen ised®midd y caused
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 1s caused.

[0005]

Then, for example, Patent Document 1 discloses a



by nechani cal resonance of the actuator. When a frequency of this residual
vi bration takes a val ue near a sanpling frequency, the HDD cannot detect
this vibration and positional shift of the head el enent acconpanied by this
vi bration by using a servo signal. If datais witten to a nmagnetic disk in
a state in which the actuator and the head elenent vibrate, a probability
is high in which off-track wite is caused. [0005] Then, for exanple,

Pat ent Docunent 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 ggeRniguéead andcad haveheotaser pgener at isvgneut put arfosife si gnal
concerned drops to a level equal to or lower than a threshold when data is

recorded i prhhr datacanes, arkta WhikHdgedstbahoef fint bagk dvas fween gener at ed,
and thus the data recording is stopped. In the technique disclosed in

Pat ent docupegtqltaWhenat he daka bsdwei 1E£€81t o ft he regeneidaa i vl Jutgem ce,
off-track detection signal previously recorded in an off-track detection
area exi st,RgcRet WegRal heoseEYAed 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 1is used. Thus, a different additional servo

signal is newly required in addition to the normal sector



area and the servo area is read out with a read head, and it is determ ned
whet her 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
docunent 1] Japanese Patent Lai d-open No. 2003- 338146 [Di sclosure of the
I nvention] [Problemto be Sol ved by the4lnvention] [ 0006] However, in the
techni que of Prior docunent 1, in order to detect a position with a period
shorter than a servo sanpling period, a pattern (signal) for detection of
off-track stored in the off-track area provi ded between the data sectors is
used. Thusseavdi Eignent aaddutieenalataeseatosi.grisdndss, neve ynuelgerref in
addition to the normal sector 4 servo signal and user data sector. Hence,
t he nunberpebcepE0agSShNG kB r&os @YY@ eWpirbe eBE0E@sS clas@sgasas] antkw new
processi ng nechanismfor controlling the head position is required. [0007]

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 diéposed

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



The present invention has been made with the circunstances as descri bed
above as a background, and it is therefore an object of the present

i nvention
mechani ca

to prevent off-track wite that will be caused due to a
vi bration of a head by utilizing an effective techni que.

[ Means

for Solving Probleni [0008] According Po a first aspect of the present
there is provided a nethod of controlling wite of user data to

i nventi on,

a medium having a plurality of servo data disposed circunferentially
in each track, and data sectors |ocated between the servo data |,

interval s

conpri si NGeanPsigd A &@i fe Neade abOYEd A 38gednt tREKsERvVBhER at Banuser

is to be witten on the rotating nmedi um by using read- out servo data;

reading thedat@eseci i scRlist PRt 3r gt ratkagki et bhaai diheade aadsed
determ ni ng approval or disapproval of wite of data to said medi um by

using ar

5 N $O5rdPeodat an SeEt revdhee@pproval or di sapproval

at

dat a

of

wite of data to the nediumis determ ned by using the read signal for the
dat a sectOf@O@@Freby a vibration which 5

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



cannot be precisely detected based on the servo data can be detected, and
thus the off-track wite that will be caused due to the vibration can be
prevented. [0009] According to a second aspect of the present invention,
inthe first aspect, a fluctuation of a read signal for a data sector
within a servo sector is detected, and fhe approval or disapproval of wite
of data to the nediumis determned 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 wite that w1l be caused due

to the heageyifat hanacarshe thr evRNERGgmMAeEOFdiNg HeO apgdivLl aspect of the
present invention, in the second aspect, fluctuations of read signals for

dat a Sect@£§ag6\ﬂ>££'wlab9£élaabhtyhefe%@&&9e§e0%eb§egggn@e_tc@eltejé, and the
approval or disapproval of wite of data to the nediumis determ ned by

using the respgchiye fluctuations of the read signals of the plurality of
servo sectors. As a result, the judgnent for the approval or disapproval

can be nore preael-3ely nReriormBd rfi0Qect 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



According to a fourth aspect of the present invention, in the second
aspect, the approval or disapproval of wite of data to said nediumis
determ ned by using a fluctuation of the read signal for the data sector in
a single servo 6 sector. As a result, the judgnent for the approval or

di sapproval based on the efficient procdssing can be perforned. According
to a fifth aspect of the present invention, in the third aspect, the
approval or disapproval of wite of data to the nediumis determ ned by
using a maxi mum value and a mni mum val ue of the read signal for the data

sectors in éé‘i@léﬁryﬁdss%eéd Apcadr eauhtirtbg B?b"tﬁbi QR rveARN R Pree sely
and read|I§ detected. [0011] According to a sixth aspect of the present

i nvention, , k@a&hEL%Héidf§§p€ﬁE dbRg BEHEBLI tY eheSELWR SRGHY SR
conti nuous servo sectors a result, the judgnent for the approval or

di sapproval, C@Ha@eoﬁvﬁﬁepésgbaehxtgerong ede ABOr difig g& seventh aspect

of the present i1nvention irst aspect, t'he approval or disapprova
of wite 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
salid 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]



of data to the nediumis determ ned by using a head position identified by
the servo data, and a read signal for the data sector in the sane servo
sector as that of the servo data. As a result, the precise judgnment for the
approval or disapproval can be perfornmed with less data. [0012] According
to an eighth aspect of the present inverition, in the first aspect, the
approval or disapproval of wite of data to the nmediumis determ ned 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 sane servo sector as that of the

servo data. As adesting the presise ajpsgment flos phesappr omaknoton,
di sapproval can be performed wth |less data. [00131 According to a ninth

aspect of tihetpeesenthi A@RIGLQN,thel RSINE ricd 1pIro\deded nal rited acisd Ao WeEVi ce
for witing user data to a nediumhaving a plurality of servo data di sposed
ci rcunferegtd alikypatrovatierals itk eIChHd atler and daia tﬁ@(}ﬁédﬁurh asat ed

bet ween the servo data , conprising: a head
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, 1in the ninth aspect, the controller determines

the approval or disapproval of write of the user data to



for reading out the servo data and the data sectors from said nedium and a
controller for controlling positioning of the head above a target track in
which the user data is to be witten on the rotating medi um by using the
read-out servo data, and for determ ning approval or disapproval of wite
of the user data to said nediumby using a read signal for the data sector
in the target track. The approval or disapproval of wite of data to the
mediumis determ ned by using the read signal for the data sector, whereby
a vibration which cannot be precisely detected based on the servo data can
be det ect e¢lhe angdilisbyhesohf- at hagkmuni teltbabtnwi bl mbe ieawns ed 1dwe ofo t he

vi bration can be prevented. [0014] 8 According to a tenth aspect of the

present inveatioad §Dghhe AbAt Bhaspeeh, skbeoeonhr ehkekedeiesmotes .t s
approval or disapproval of wite of the user data to the nediumby wusing a

fluctuati o pés@ltgeaehsi gnpkatobnacdat Bespetot selyt BhA aeserivy sector. As a
result, the head vibration caused between the adjacent servo data can be
effectivel Yyetected.

[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
sald 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



detected, and thus the off-track wite that will be caused due to the head
vi bration can be prevented. According to an eleventh aspect of the present
invention, in the tenth aspect, the controller determ nes the approval or

di sapproval of wite of the user data tio t he medi um by using fluctuations
of read signals within the plurality ofservo sectors. As a result, the
judgnment for the approval or disapproval can be nore precisely perforned.

[ 0015] According to a twel fth aspect of the present invention, in the tenth
aspect, the controller determ nes the approval or disapproval of wite of

t he user datadteptbd.nmdi umdysultsi nod hperddisd uptdoref foe tlead signal for
the data sector in a single servo sector. As a result, the judgnent for the
approval orpgirsappr ovadibapedoonlt henebki pieerfo rmpriosessi ng scaniadis per f or med.
According to a thirteenth aspect of the present invention, in the ninth
aspect, the contnceldrerirdetes i nasverthesrapprased ctoro fli slappsovsénof wite of

the user data to 9 the nedium by using a maxi nrum val ue and a m ni num val ue
of 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



the read signal for the data sector in the servo sector. As a result, the
vi bration 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 continUffs servo sectors. As a result, the
judgment for the approval or disapprovar-can be nore precisely perforned.
According to a fifteenth aspect of the present invention, in the ninth
aspect, the controller determ nes the approval or disapproval of wite of
the user data to the nmedium by using a head position identified by the
servo datdesantpaiceailssognatefioift hecdasargector in the sane servo sector
as that of the servo data. As a result, the precise judgnent for the
approval ofo@k&npproval can be performed with |less data. [0017] According
to a sixteenth aspect of the present invention, in the ninth aspect, the
control | er detepaenes chheaappirdsali opodingapamowalitef pwddesoindg he user data
to

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 1 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.



said nmedium by using a head speed identified by the servo data, and a read
signal for the data sector in the sane servo sector as that of the servo
data that specifies the 10 head speed. As a result, the precise judgnent
for the approval or disapproval can be performed with |ess data. According
to a seventeenth aspect of the present 1% nvention, in the ninth aspect, the
controller determnes the approval or disapproval of wite of the user data
to said nmedium by using head positions and head speeds associated with the
plurality of servo data, and read signals for the data sectors in the
respectiversgsyp sectors of the plurality of servo data. As a result, the
preci se judgnent for the approval or disapproval can be perfornmed with |ess

data. [Effects ehet hep nvant igglyi d018]t rAGC Aididid ¢ G ddred pr@Es@itch nvent i on,
it is possible to prevent the off-track wite that will be caused due to
the head yibeationentBestsMadeokotnEachyipguedt 1bhe 1THweddn onjhas 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 predetefmined
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



[ 0019] Hereinafter, an enbodi nent to which the present invention can be

applied will be described. For the sake of <clarification of a description,
om ssion and sinplification are suitably made in the foll ow ng description
and drawings. In addition, in the draw ngs, the same constituent el enents

are designated with the sane reference Huneral's, and for the sake of
clarification of a description, a repeated 11 descriptionis omtted if
necessary. [0020] One of characteristic points in wite processing control
of this enbodinent is judgnent for approval or disapproval of wite of user

data to a ypenetes ehSkhnitn dpeatisutarpei fewbirtiedpoacessi betht s capproval
or disapproval of wite of the user data to the magnetic disk 11 is judged

by using a;fgaghsigoal Epembhe useisdptavidedaddi bkeBctiatsenvaidata. As a
result, an actuator vibration which cannot be precisely detected based on

the servo datR rdsodetgst edrtacprevent off-track wite. Hereinafter, the
enbodi nent of the present invention will be described by

[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 fielé 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



exenplifying a hard disk drive (HDD) as an exanple of a data storage

devi ce. [0021] To neke understandi ng of the characteristic points of this
enbodi ment easy, firstly, an outline of an overall configuration of the HDD
will be described. Fig. 1 is a block di ilgr am schematically showing an HDD 1
according to this enbodi nent. As shown1ffn Fig. 1, the HDD 1 includes a
magnetic disk 11 as an exanple of a nedium (recording nediun), head

el enents 12 as an exanple of a head, an arm electronics (AE) 13, a spindle
notor (SPM 14, a voice coil notor (VCM 15, and an actuator 16, which are
provi ded i Blamehesnepi, cakpy ifaalsed parelaapiricd it3) B2 rddd@Mathes HDD 1 is

provided with a circuit board 20 which is fixed to the outside of the
encl osure $Qgniherdll buftapyorhet head redeinenzoard 2hd G sucthedisyiatir ead
wite channel (R'W channel) 21, a notor driver unit 22, and an integrated
circuit of gavBar gadinsk ag@ntsedldse i heHRE eard aal WP i frieelr el nafierrRfieferred to
as an HDC/ MPU) 23, and a RAM 24.

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]



Incidentally, the individual circuits can be integrated in configuration
into one I1C or can be separated into a plurality of I1Cs for nounting.

[ 0023] User data from an external host 51 is received by the HDC MPU 23 and
witten to the magnetic disk 11 through the R Wchannel 21 and the AE 13 by
the head elenent 12. In addition, the USer data stored in the magnetic disk
11 is read out by the head elenent 12, and outputted to the external host
51 fromthe HDC/ MPU 23 through the AE 13 and the R/ Wchannel 21. [0024]
Next, the constituent elenents of the HOD 1 will be described. The nagnetic
di sk 11 is fixednt @hehaD8PMPU4 23, ThéeSPWULdpeatbateas irhe amgrtriae diiskh 11 at
a predeterm ned speed. The notor driver unit 22 drives the SPM 14 in

accor dances Wdde copddel data thenrahe2 HDCHNRH 2Be Bhe ivegnet icf ditsk 11 of

this exanple includes recording 13 surfaces on which data is to be recorded
on its botipsidesin addithenheadtebesent #2ri pepnovidad theas®ocitati on with
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]



each recording surface. [0025] Each of the head elenents 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 sw ngs about
a pivot shaft, thereby radially noving the head elenents 12 (and the
slider) on the rotating magnetic disk 18. The motor driver unit 22 drives
the VCM 15 in accordance with the control data (referred to as DACOUT)
fromthe HDC MPU 23. [0026] The head el enent 12 includes a wite el ement
for converting an electrical signal into a magnetic field in accordance

with recording qk%tf%ﬂrqrhf deaprged i nedhe-qdmangtd ol ske ldagaedia read
el ement for converting the naghetic field fromthe nagnetic disk 11 into

the e!eCtﬁkﬁﬁll§i9@§h-bgtd%@%%ﬁgegg'?%jﬂj2*35héﬁ5%£ﬁaﬁ?§esh§ﬁ§eés of

magneti c disks 11 are provided and the recording surface can be formed on

one side og hpth i dag ok bheedmagnel ice di $kcbrdi®@2durface 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



The AF 13 sel ects one head el enent 12 for accessing the magnetic disk 11
fromanong a plurality of head 14 elenents 12, anplifies (pre-anplifies) a
regenerative signal read out by the head elenent 12 thus selected with a
gi ven gain, and sends the regenerative signal to the RRW channel 21. In
addition, the AE 13 sends the recordi ngl7si gnal fromthe R/'Wchannel 21 to
the selected head el enment 12. [0028] Wen transferring the user data to
the host 51, the R Wchannel 21 executes read processing. In the read
processing, the RRWchannel 21 anplifies the read signal supplied fromthe

AE 13 so thahthhgsrgaglsiranak yhas aeghvedatanphiitidereexiiraeisedlata from the
acquired read signal, and executes decode processing. The data thus read

contai ns tBgpavsee]gakacandnthansenee datanttheaneadrusere data subjected to
t he decode processing is supplied to the HDC/ MPU 23. [0029] In addition,

the R'Wchgppgkt2in€Xeauhag1W, i bed Br paessiingyf o idae ausescwdatsa daansferred
thereto fromthe

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 1l4c are exemplified. A recording frequency 1is
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



host 51. The R/ Wchannel 21 executes the wite processing in accordance
with a control signal fromthe HDC/ MPU 23. In the wite processing, the RR'W
channel 21 code-nodul ates the wite data supplied fromthe HDC MPU 23,
converts the wite data thus code-nodul ated into a wite signal, and
supplies the resulting wite signal tol®he AE 13. [0030] 15 1In the HDC MPU
23, the MPU operates in accordance with a code |oaded into the RAM 24. Wth
the activation of the HDD 1, in addition to the code for permtting the MPU
to operate, data required for the control and data processing is |oaded

from the nagneti c,di sk, 1205 L FOY,(00L,shana) o Lot 0 e A 24, The

HDC/ MPU 23~ executes overa confrol ~for 't tion to processing

requi red for.dat pr ocessi uck cead/ wri i control,

nanagenentwﬁfg%rgg? %? go%nﬁ% 8e§28%§F%§$ Sggi ?o %%gg%ggn'rol (servo

control) fﬁgoggf head el ements 12 by using a servo signal, interface
e

control, a ct managenent. [0031] One of points to be noticed in this
enbodi ment i s aFig. 3(a) schematically shows a situation in which the

read element 121 included in the head element 12 makés
track following. There is shown a situation of movement of
the read element 121 between two pieces of servo data 21la
and 211b. Seven data sectors 212a to 212g are recorded
between the two pieces of servo data 21la and 211 b. That
is to say, in this track, one servo sector is constituted
by the servo data 21lla, and the seven servo data sectors
212a to 212g.
[0037]

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 1 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 1s started to be written to the magnetic disk 11
in this state, the off-track write takes place, and thus
new different user data 1s overwritten to the user data of
the adjacent track.
[0038]

On the other hand, the amplitude of the read signal



techni que for judgi ng approval or disapproval of wite of the user data to
the magnetic disk 11. In the wite processing, the HDC/ MPU 23 of this
enbodi ment judges the approval or disapproval of wite of the user data to
the magnetic disk 11 by using a read 'ggnal for the user data in addition
to the servo data. Wth the above techni'que, an actuator vibration which is
nearly synchroni zed wwth the servo sanpling is detected in order to prevent
off-track wite. The vibration detecting technique and the wite
approval / di sapproval judging processing will be described in detail later.
[0032] 16 fdRefere idutd os€t¢gor 2712 ecloangels dat aaorotfiengagnethctdiesk 11 will
be described. Fig. 2 schematically shows a state of the recorded data on a
recor di ng silrfacierofcdieed nagnete cselrsk ddctds. sRoen ofn veilgies?, a plurality
of servo areas 111 and data areas 112 are fornmed on the recording surface
of the nmagmtresatitsind lthdhempl ivadlet9f ofhservadingeasghdl éxtenderadial ly
in aradial direction froma center of the magnetic disk 11 and which are
for med 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.



separately fromeach other at intervals of a predeterm ned angle. The data
areas 112 are forned between the correspondi ng adjacent servo areas 111.
The servo areas ill and the data areas 112 are alternately provided at
intervals of a predeterm ned angle. Th ervo data used to performthe
positioning control for the head elenents 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 predeterm ned w dth
in the radial direction and which are concentrically formed are formed on
the recordiHyt&Glurface 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 sectorsTiieeBBPdingfunhts embpHémgsér usgat 8) feach valt iwm &f ithe
provi ded between the corresponding servo areas 111. That is to say, each of
t he tracksreld Hark corgma hsame bl tiede | 1y ofdeerve pacalaplghdarecti §pésed
separately fromone another at intervals of the predeterm ned angle, and a
plurality ofomdtioosectbrshedrdad 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 211la and 211lb. 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.



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 1%ﬁ are grouped into a plurality of
zones 114 according to radial positions“of the magnetic disk 11. The nunber
of data sectors contained in one track 113 is set in each of the zones. In
Fig. 2, three zones 1l14a to 114c are exenplified. A recording frequency is
changed every zone, whereby it is possible to increase a recording density
of the overabkomagnetic disk 11. [0035] Hereinafter, a technique for
controlling user data wite to the magnetic disk 11 will be described. The
HDD 1 of this emeodiprent qeer fyrdernwrd ey ergasovgl contddadyrowsl ngf an
anplitude of the read signal for the data sector (user data) in addition to
the servo gatae Fheusead shenaluctonttibe d&t ahseckad baoksed drnaldet ect the

actuator vibration synchronized with servo sanpling. Wien there is the

vibration gxgeeding anreher erce, phirte ikphioldi lseirvosetectors. 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



As a result, the head vibration can be detected which 18 cannot be detected
based on a servo signal, and off-track wite due to the head vibration can
be prevented. [0036] Fig. 3(a) schematically shows a situation in which the
read el ement 121 included in the head ment 12 nmakes track foll ow ng.
There is shown a situation of novenent 0O the read el enent 121 between two
pi eces of servo data 21la and 211b. Seven data sectors 212a to 212g are
recorded between the two pieces of servo data 21la and 211 b. That is to
say, in this track, one servo sector is constituted by the servo data 211a,
and the seventservbodatuameteor san2atgotbe2ebaiped3fromiaeatriéblead
element 121 radially vibrates at the sanme frequency as the servo sanpling
frequency orimtamplifbeuené§Anhdehni snrhuegeaknniihei pVdscopnngd dérvo
sanpling frequency as shown in Fig. 3, the HDD 1 can detect the wvibration
based on thee se¢A et forahssyate edpusenebtspgnahatr shd emplbyudie ofedd

el emrent 121 does not change. Wen the
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 21la and 211lb 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



user data is started to be witten to the magnetic disk 11

in this state,

the off-track wite takes place, and thus new different user data is

overwitten to the user data of the adjacent track. [0038]

On the ot her

hand, the anplitude of the read signal for the data sector 212 changes
in accordance with the vibration caused in one servo sector. One of val ues
representing the anplitude of the reading signal for the data sector is

read back signal anplitude. The read back signal anplitude
representing the actual signal anplitude when the read ele
out a pattar repesiathion tfer daeek skeemra Juarens tbaskytoas §
3(b), the read back signal anplitude changes such that it

is a value
ment 121 reads
R6ERTI n Fi g.
nonot onousl y

decr eases 1Rk r alhal hepdt ahemehtorralst aoved g thdack demcer Wfdtthe read
el ement 121. [0039] Thus, the read back signal anplitude is used to detect
t he vi brat4loh ¢hede vidreet objack ame bctmatofels, aj seck cpmplréadnel enent

12. When the actuator is beyond the limts
position range 412. Thereafter, the head element

following along the track center 413 of the data
HDD 1 of this embodiment permits user data write

magnetic disk 11 when the head position determine

12 makes
track. The
to the

d based on

the position signal, the head speed determined similarly

based on the position signal, and the mechanical
detected from the read back signal amplitude fulf
respective conditions.

[0047]

vibration

ill their

More specifically, a first condition is such that the

head speed obtained from a change in position sig
within the limits of a reference value. Moreover,
second condition that the value of the position s

falls within a write permission range 414 as a re

nal falls
it is a
ignal

ference

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
above-mentioned two conditions.

[(0048]

the

In the HDD 1 of this example, it is a condition for

write permission that the fluctuation of the read

signal amplitude in the data sector falls within

back

the



of a reference, the data wite to the magnetic disk 11 is inhibited. In
this way, wite is permtted under a condition in which the head vibration

falls within the limts of the reference, whereby it is possible to
effectively prevent the off-track wite,from being caused. In addition,
since the head vibration results fron1t% mechani cal resonance of the

actuator, it decreases with tinme. Hence, when the head vibration exceeds
the reference, the HDD 1 does not start to wite the user data to the
magnetic disk 11 until the vibration of the actuator becones small. 20
[ 0040] TherébBrénoé thngeentiodithentexsged ea ol Utitwatd ontled e 1read back
signal anplitude in order to precisely detect the vibrations of the head
el ements 1erSbnoe ahéagtidgmeotbebodét ebeetens vhe ragdlvaniadalt ivdad vi brati on
bet ween the servo data, the fluctuation of the read back signal anplitude
in this ated bEctemesha ppaobl errvihenghhésf KHdt batvieod uliféddrelcaliihe exceeds a
reference value, wite is inhibited, while when the fluctuation falls
Wi t hin theesefel £ahed 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

pleces 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



wite is permtted. [0041] Preferably, as shown in Fig. 3(b), the magnitude
of the fluctuation of the read back signal anplitude is judged by using a
di fference between a maxi numvalue (MAX) and a mnimmvalue (MN) of a
read back signal envel ope between the,servo sectors 21la and 211b. For
exanpl e, the approval or disapproval 8 wite can be determ ned by
conparing 4 = (MAX - MN with a previously set value. In addition thereto,
a cal cul ated val ue such as MAX MN or (MAX - MN)/MN can be used in order
to determ ne approval or disapproval of wite. Incidentally, to avoid an
i nfl uence posfl tnoins es,ngfeord l&xamplee ,caung eraxismumseat ueS (MAYnadfthde anplitude
may al so be determ ned from anong the anplitudes except for the anplitudes
beyond t heplkiraitti®nofr etthiernss frecilf ited tarplsttapde(S12) ¢OARJuiThiendHDDhd can
determ ne the approval or disapproval of wite by using the fluctuation of
t he read hack Siegwval daarl | Thudecounioae, oxs asipbunalint yigf derve seetlors. For

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



exanple, the fluctuation of the read back signal anplitude in the servo
sector right before the servo sector to which the user data is witten is
detected, and the approval or disapproval of wwite can be determ ned based
on the magnitude of the detected fluctg tion. is preferable in terns of
processing efficiency or performance that the approval or disapproval of
wite is judged based on the fluctuation of the read back signal anplitude
in the single servo sector. [0043] Alternatively, if the HDD 1 detects the
fluctuations of the read back signal anplitudes in a plurality of servo
sectors ando¢henphgaktadd ¥f ehehHPCUMPUakBoandgscaensdd thal IcoWlit hin the
limts of the reference, the HDD 1 can pernit data wite to the nagnetic
di sk 11. Fnumhere(ﬁ&étisendvtbeappemauepecmecnxnbtbﬁ§kp¢eiéﬁabﬁéxﬂb use the
fluctuations of the read back signal anplitudes in a plurality of servo
sectors. |nhnSadydi bfoacqutrisgptbkenabkesetat datpl.urality of servo sectors be
continuous. [0044] At that, a change in read signal anplitude in the data

(0052]

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 A = (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

(S11) 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.

[(0053]

In the above-mentioned processing flow, the write

approval/disapproval judgment is performed based on the



22 sector, for exanple, can also be obtained froma variable gain
anplifier (VG gain included in the RRWchannel 12. The VGA perforns gain
adj ustment so that the anplitude of a preanble as a given frequency signa
within the data sector becones constant. The HDD 1 can determ ne the data
sector read signal anplitude associ at with the data sectors from the
gain. The HDD 1 allows the VGA gain to detect the read back signa
anplitudes in the data sectors 212a to 212g between the servo sectors 21la
and 211b to judge the nagnitude of the anplitude fluctuation fromthe

maxi mum \sadgld tudSX)f lareck ddtel an o fmyhey ad irey (M Na carmangk t iegma [ 004 5pne
Subsequently, an overall flow of wite processing of this enbodi nent wll

be descri bedwdigsctbshowhi cfengeHd hdde mey Mol s giedl elseonpadi ed by the
novenent of the head elenent 12 in the wite processing. Each circle

represent speadnead Masi i, sl fihel headi jpoisirid onuabarges hfikomtael ef t - hand
side to a right-hand side in the figure. The head position can be

represent g3 ine a&peaddig 10fd i 4395 SN Bid@nt (RES:.a Posibé ope Efoonedi gnal )

read out by the head el enent
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



12 (the read el enent 121). The position signal is determ ned based on
address data and a burst of the servo signal. [0046] In the wite
processi ng, the head elenment 12 perforns 23 an operation for seek froma
current track to a target track. The hgad elenent 12 is noved within a
track wwdth 411 of the target track and then enters a seek conpletion
position range 412. Thereafter, the head elenent 12 nakes follow ng al ong
the track center 413 of the data track. The HDD 1 of this enbodi nment
permts user data wite to the magnetic disk 11 when the head position
det er mi nedwbasedapprovhé/pgosepporvsilgiadgmehs headespesd det @énianse
simlarly based on the position signal, and the mechanical vibration
det ect ed frben phefvemadnback Tiignaglrargs dinglef fan fid Idihedrent eEpenst the
conditions. [0047] More specifically, a first condition is such that the
head speedpebtassedgf fanwadeBamgeeidn apogiet wanhsirgdalr efald o iiitchi b tite
limts of a reference value. Mreover, it is a

that the vibration judging step (S18) is executed before

the step of judging the count number (S16).

[0055]

That is to say, when the head speed falls within the
seek completion speed range (S1l4), 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 (S11l) of acquiring the
next servo data after waiting for the stop of the head
vibration (S20).

[0056]

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



second condition that the value of the position signal falls within a wite
perm ssion range 414 as a reference range. A plurality of continuous servo
signals need to fulfill these two conditions. Fig. 4 shows an exanple in
whi ch four continuous signals 451 need §@ fulfill the above-nentioned two
conditions. [0048] In the HDD 1 of this exanple, it is a condition for
wite permssion that the fluctuation of the read back signal anplitude in
the data sector falls within the 24 reference range. In the exanple of Fig.
4, the HDD 1 perfornms the judgnment about the head vibration at timng 421
after the f@@?l%%r96esbﬁﬁgl§pﬂ5§ RAdetREl PPPAeBOPRE 1 08s 53N%S HEWE fcondi ti ons
about the head position and the head speed. Wen the fluctuation of the
read back s¢gvalsianptitulerely shai ?ﬁﬁh%ﬁétréﬂéﬁé\ﬁéé PARGE S NS €37
permtted in the forward servo sectors in and after the next servo sector
422. [0049pe grecAbedeCHEAt FBABALRE] VeLaphL8val FEREEpPEHPACSUdY nF

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



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 wite
approval / di sapproval judging processing by using the data obtained fromthe
R'Wchannel 21. Wen the wite processjng is started, the HDC MPU 23
acquires pieces of servo data in accordance with the novenent of the head
element 12 (Sil). Moire specifically, the RRWchannel 21 extracts the servo
data fromthe servo signal read out by the head el enent 12 and transfers
the servo data thus extracted to the HDC/ MPU 23. [0050] Next, the HDC/ MPU
23 judges (MhetiferGajre)nots eachi @iat Heseqelel poRt¥Pbner{BachfotEhESESs ti on
signals) falls within the seek conpletion position range 412 (S12) . \Wen
each of tdetahdad Posindomwt Hoedivotl¥ al Fhey thrd BRESs&elNE@dnpl etion 25
position range 412, the counter is reset (S13) and the operation returns
back to t hRereFE{tS1)infa azignal ngsedheto nexetsek vocdat af The geemter, as
showmn in Fig. 4, is used to judge whether or not a plurality of pieces of
cont i nuouslatgeriemddtte 45491t $¢ [dishel Spe&hti edryonditicoss.anmen each

(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



of the head positions falls within the seek conpletion position range 412,
the HDC/ MPU 23 judges whether or not the head speed falls within the seek
conpl eti on speed range as the reference range (S14). [0051] Wen the head
speed does not fall within the seek COﬁEI etion 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 conpletion
speed range, it is judged whether or not each of the head positions (each
of the position signals) falls wthin the wite perm ssion range 414 (S15)
Wien eachilofatitdre hedahngusi t Ltonsrieachfothehdapesitoi hesingaled)l does not
fall within the wite perm ssion range 414, the counter is reset (S13), and
t he oper atdigrk rlet,urtise backt¢ odate Sfepte (BiH3) ofs acyamsfagredefnext servo
data. When each of the head positions (each of the position signals) falls
within thehawHi® M Mk 3stionthangdl 4ddgnide HDC VRY RIW wigesie widt her or
not a count nunber exceeds a reference value N (3 in the exanple of Fig. 4)
(S16). Wherhdrheyoooumateminberr26e 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,



does not exceed N, the HDC/ MPU 23 increnments the count nunber (S17), and
the operation returns back to the step (S11) of acquiring the next servo
data. [0052] Wen the count val ue exceeds the reference value N (S16), the
HDC/ MPU 23 j udges whet her or not the fl%?t uation of the read back signal
anplitude falls within the limts of the reference (S18). This judgnment can
be performed in accordance with the above-nentioned techni que, e.g., under
a condition for the permission that o = (MAX - MN) does not exceed the
reference value. Wien the anplitude fluctuation does not fall within the
linits of theceridierkare (HB3tiehel#btr MOLLDRBN @sEPSCFRECEOURTST (S19),
and thereafter waits for stop of the vibration of the head elenent 12
(S20). Morerspecidtzalsyima¢deatet ppprhgtepr beesarfhgtregethéapedet er mi ned
specified tinme, the HDC MPU 23 restarts the processing in and after the
step (Sllyeofomcyldvihy the next serve 8afkeron the other hand, when the
anplitude fluctuation of the read back signal falls withinthe |[imts of
the refereh@@c3518), the HDC/ MPU 23 perforns the judgnent about the wite
perm ssion (S21),
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 1s a diagram schematically showing a physical



and wites the user data in the target data sector. [0053] In the
above-nenti oned processing flow, the wite approval/di sapproval judgnent is
performed based on the 27 anplitude fluctuation of the single read back
signal in one servo sector right afterqéhe head position and the head
speed fulfill the specified conditions. Unlike this, the wite
approval / di sapproval judgnent can al so be perfornmed by using the anplitude
fluctuations in a plurality of servo sectors after the head position and
the head speed fulfill the specified conditions. For exanple, the HDC MPU
23 includésramabt hérdebanterpordad par /i NSIRLLEE AhEH egSRreiing He
fluctuations of the read back signal anplitudes in a plurality of
conti nuoustbesvemsedinestis equal to or snaller than the reference val ue.
As a result, the nore precise anplitude judgnent is perforned, and the
off-track [#@gte3is nore reliably prevented. In this case, a plurality of
servo sectors for the judgnent about the vibration are required in addition
to a plurality ofigerVoisest disgfrem shhwipgdgneatuabown tilme widath speed and
t he head position.

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 is a timing chart showing changes in signals



[0054] A flow chart of Fig. 6 shows another preferable wite
approval / di sapproval judging processing flow. In this wite
approval / di sapproval judging processing flow, unlike the exanple of Fig. 5,
the judgnment about the head vibration igy performed together with the

j udgnment about the head position and the head speed. Thus, the precise
judgnent about the vibration is perforned by using a plurality of servo
sectors, and the nunber of servo sectors for the 28 wite

appr ovaI/d| sapproval judgnment is reduced to enhance the performance. This
processi ng SHooW |l§1 diiff-eredtt G (HE T Pricde S 5RF TG S cFFbe® above with
reference to Fig in that the vibration judging step (S18) is executed
bef ore thép§ﬁ@ﬁaéVQHﬁ$®9m@V@HeJ@ﬂﬁﬁHQHHﬁﬁﬁe%ﬁiﬁg aq ng Thatthsst o say,
when the head speed falls within the seek conpletion speed range (S14), and
the head pégirdamentalls within the wite pernm ssion range 414 (S15), the
HDC/ MPU 23 further acquires the read back signal anplitude of the data
sector w t HiDgstche psdovo ofe dtedie resyice N r

[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



execut es judgnent processing (S18) about the fluctuation thereof. Wen the
signal anplitude fluctuation falls within the limts of the reference, the
HDC/ MPU 23 increnments the counter (S17). Wen the read back signa
anplitude fluctuation exceeds the refegence 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). [0056] In this way, the head vibration judging
processing (S18) using the data sector read signal is executed with

respect tofihe kane servo sector as that of the servo signal together wth
the processing (S13 to S15) for 29 judging the head speed and the head
position udlng t W GRANMEL| gnal , whereby the efficient judgnment processing
can be executed even when the vibration judging processing is executed

Wi th respett to- MPTORaPREVERfUNEFvo sectors. As a result, the reduction of
t he performance can be suppressed. [0057]

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)



Next, signal processing within the HOD 1 in the wite approval/di sapproval
judgnent processing will be concretely described in detail. As described
above, the HDC/ MPU 23 executes the wite approval/di sapproval judging
processing by using the data fromthe RrWchannel 21. Fig. 7 shows

transm ssion signals transmtted anong the HDC/ MPU 23, the R Wchannel 21
and the AE 13. Fig. 8 is atimng chart about these signals. It should be
noted that this timng chart schematically shows changes in signals, but
does not precisely reflect the timng in the actual HDD. Figs. 7 and 8
show an exd@pl-eSof the head vibration judging processing, and processing
for witing the user data in the servo sector next to the servo sector for
which witeTARTjudged to be pernmitted. [0058] As shown in Fig. 7, the
HDC/ MPU 23 out puts control signals, i.e., a wite gate signal (Wite Gate),
a read gatélsi.gnaRCQRERE CGEXE) SERY® dAddrvo gate signal (Servo Gate) to the

R/'Wchannel 21. The wite gate signal 30 (Wite Gate) is a signal used to
control wistté of. .t R®@SIgeON < SEEK COMPLETION POSITION RANGE

S13 ... RESET COUNT
S14 ... SPEED < SEEK COMPLETION SPEED RANGE
S15 ... POSITION < WRITE APPROVAL RANGE
h S16 ... COUNT NUMBER > N
S17 ... INCREASE COUNT NUMBER
S18 ... READ SIGNAL FLUCTUATION > REFERENCE VALUE
S19 ... RESET COUNT
S20 ... WAIT FOR VIBRATION STOP
521 ... 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



data to the magnetic disk 11. The read gate signal (Read Gate) is a signal
used to control read of the user data fromthe 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 d@a signal (Servo-Data-Signal) and a
read user data signal (Read User Data Signal) anplified by the AE 13 are
transferred to the R Wchannel 21. The RIW channel 21 generates servo data
(Servo Data) fromthe servo data signal (Servo-Data-Signal) and transfers
the resulting servo data to the HDC/ MPU 23. The HDC/ MPU 23 gener at es
DACOUT as &l ¥CM 15RE®RT rodUSTgnal fromthe servo data in order to control
the head position, and outputs DACOUT to the notor driver unit 22. [0060]
Mor eover, $he R WEARDNEOR2UIBRATIONI 880R nmaxi num val ue (MAX) and a m ni num
value (MN) of the read back signal anplitude in the corresponding servo
sector fros2ihe.. reRUTESRPPR@QVALSi gnal (Read User Data Signal) transferred
thereto fromthe AE 13, and stores the nmaxi num val ue and

NEXT PROCESSING FOR WRITE

FIG. 7
21 ... R/W CHANNEL

22 ... MOTOR DRIVER UNIT



the m ninumvalue identified in a register (not showmm) wthin the RW
channel 21. The HDC/ MPU 23 acquires these values (MAX, MN) fromthe
register at timng for the head 31 vibration judgnent. In wite of the data
to the magnetic disk 11, the wite data (Wite Data) is transferred from
the HDC/ MPU 23 to the RFWchannel 21. 383he R/ Wchannel 21 then generates a
wite data signal (Wite Data Signal) from the transferred wite data, and
outputs the wite 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 fromtEgarI?f%etic disk 11. In addition, when
the wite gate signal (Wite Gate) 1§ a OW (Asssert), the wite data
(Wite Data) is witten to the magnetic disk 11. Moreover, for the HDD 1 of
this enbodinent to performthe head vibration judgnment, when the head gate
signal (Redad Gake)metshad bOW{HAssSEIl)Ingtheiuserof datar( Readk User <Data) 212
is read out fromthe netic i S 1.
medium haJ?% a p urglfty of servo data disposed
circumferentially at intervals in each track, and data
sectors located between the servo data, the method
comprising:
positioning a head above a target track in which
the user data 1s 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;
wherein a fluctuation of a read signal for a data
sector within a servo sector 1is detected, and the
approval or disapproval of write of data to said medium

is determined by using the fluctuation detected.

2. A method according to claim 1, 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 plurality of servo sectors.

3. A method according to claim 2, wherein the

plurality of servo sectors are continuous servo sectors.



[0062] In the exanple of Fig. 8, the HDC/ MPU 23 judges the wite
approval / di sapproval by using the maxi num val ue MAX and the m ni num val ue
M N of the read back signal anplitude of a data sector 212r at timng

i ndi cated by an arrow. It should be noted that, before this timng, the
HDC/ MPU 23 has already judged that thH head speed and the head position
fulfill the specified conditions. In this exanple, 32 since the head
vibration falls within a tolerance, the wite data is inmediately witten
to each target data sector 212w in the next servo sector. [0063] Wile the

present inyentiagn rmg%ﬁﬁgn gﬁgggagﬁgent Qfar.; %nlelngg%g ref§ﬂ£0 he

enbodi nent as the exa pre I nvention 1§ n i t

above- nenhappmbvaﬂﬂnxndﬁﬂﬁppﬂ%ﬁ@h SKi Wwkedei 6ft Batar tocarm irdeatkd yurchange,
add, and convert the constituent el enents of the above- nmentioned enbodi nent
Wi thin the SCREGIMIMRA PRs@RiNg| AvERLFBHACESR Efarhiee Taatk %973 appr oval

/ di sapprovalo,Came &A% hedelersm ned Ay using fhedd gt uation of the read

5. A method according to claim 1, 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.

6. A method according to claim 5, wherein the
approval or disapproval of write of data to said medium
is determined by whether a difference Dbetween the
maximum value and the minimum wvalue of the read signal
for the data sectors 1in said servo sector eXxceeds a

reference wvalue.

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 the servo sector of the

servo data.

8. A method according to c¢laim 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



back signal between a plurality of servo sectors instead of wusing the
fluctuation of the read back signal within one servo sector. In addition,
the present invention is not |imted 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 agbl ock diagram schematically show ng
an overall configuration of an HDD according to this enbodinent. [Fig. 2]
Fig. 2 is a diagram schenmatically showi ng a physical 33 format of data
recorded on a magnetic di sk according to this enbodinent. [Fig. 3] Fig. 3
is a diagr%%kshomﬁngea situation in which a read elenent_according to this

enbodi ment YRkesSEFAEE 181 1 IF ng2%nd SETVEadSBSER T si fal tltharmifd Bt conpani ed
by the tragkdsdl @M servo data.

9. A method according to claim 1, wherein the
approval or disapproval of write of data to said medium
is determined 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.

10. 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, the data
storage device comprising:

a head for reading out the servo data and the data
gsectors from said medium; and

a controller to control 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
gservo data, and to determine 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;

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.

11. A data storage device according to claim 10,

wherein said controller determines the approval or



[Fig. 4 Fig. 4 is a diagramshowi ng a change in servo signal acconpanied
by nmovenent of a head elenent in wite processing according to this
enbodinment. [Fig. 5] Fig. 5is a flowchart concretely showing wite
approval / di sapproval judgi ng processing according to this enbodinent. [Fig.
6] Fig. 6 is a flow chart show ng wit4e approval/disapproval judging
processi ng of another aspect 1in this enbodinent. [Fig. 7] Fig. 7 is a block
di agram showi ng transm ssion signals transmtted anong an HDC/ MPU, an RI'W
channel and an AE. [Flg 8] Flg 8 is atimng chart shomnng changes in
signal s 34 shown n q%V|brat|on det ection .and

S

appr oval / di saSBP&?XFlj 8 glwr{gltper o%e Thdiact ot atr Ag o ehfs medtu By

using fluctuations of read signals within a plurality

of servo sectors.

12. A data storage device according to claim 11,
wherein the plurality of servo sectors are continuous

servo sectors.

13. 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.

14. 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 maximum value and a minimum value of the read

signal for the data sector in the servo sector.

15. A data storage device according to claim 14,
wherein the approval or disapproval of write of data to
said medium 1s determined by whether a difference
between the maximum value and the minimum value of the
read signal for the data sectors in said servo sector

exceeds a reference value.

16. 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



enbodi nent. [Description of Reference Nunerals] [0065] 1 ... hard disk

drive 10 ... enclosure 11 ... magnetic disk 12 ... head elenent 14 ...
spindle notor 15 ... voice coil notor 16 ... actuator 20 ... circuit board
21 ... read wite channel 22 ... notor driver unit 23 ... hard disk
controller/MPU 51 ... host 111 ... sefvo area 112 ... data area 113 ...
track 211 ... servo data 212 ... data sector

using a head position identified by the servo data, and
a read signal for the data sector in the same servo

sector as the servo sector of the servo data.

17. A data storage device according to c¢laim 10,
wherein said 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 the servo sector of the servo data that

specifies the head speed.

18. A data storage device according to claim 12,
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.





