1 [Title of Docunent] Specification [Title of the Invention] Data Storage
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 disapproval of wite of user data to a nedium

[ Background Art] [0002] Devices using Various types of media 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 devices for conputers to such an extent that they are one of the

storage devwirGese ibrdipsRen:aR! e SfRicitfaday isnconputers. Further, not limted
to conmputers, their application is wi dening nore and nore due to the

superior chanaglekirstines i tigjadvent of  noving picture
recordi ng/ reproduci ng devices, car navigation systens, nobile phones, and

renovabl e menories. . useshdide dhObial Sades ase @ik the tokerol 003 wrArgrgnetic

di sk used in the HDD using a servo sector
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 systemhas a plurality of data tracks which are concentrically forned. 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 el enent
supported by a swinging actuator accesses a desired data sector in
accordance with the address informatiorf of the servo data, wher eby data can
be witten to the data sector and the data can be read out fromthe data
sector. [0004] Wen in the HDD using the sector servo systemas described
above, a target data track is sought to access the target data sector, a
nechanicalsygaggthg@ REMAIRS 1ty tdFe dRGtuateicksh «wad eases. This vibration
is mainly caused by nechanical resonance of the actuator. Wien a frequency

of this resicduaht\HiREatioFLriakes a Vsl wea Nedy & SSePrd Ngat & reguengy, the HDD
cannot detect this vibration and positional shift of the head el enent

acconpani ed qay okl § n rWirkEALIR) RIS R E 898140 o ddla Jdctdta is witten
to a nmagnetic disk in a state in which the actuator and the head el enent

vibrate, adJneRabiihidt Yise: Riagh it eMiceh Qs tima@le ciMd e itsrLaused. [0005]
Then, for exanple, Patent Docunent 1 discloses 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 freguency
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 1is 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

| evel of a regenerative output of the signal concerned drops to a |evel
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 d sclosed in Patent document 1, when
the data is witten to the magnetic disk device, off-track detection signa
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

det er mi nedcwhgahhgleOhinn@hithe jautpat chevelhetet Be sighkit raclk detrect i on
signal exceeds a threshold in order to judge presence or absence of the

of f-track. cf-Rakentrdecymantrth J@paNESS iBREEAL tLand w0RREF N0 .4 R0 FH 338146
[ Di scl osure of the Invention] [Problemto be Solved by the Invention]

[0006] Howeyek, ghRat Becheghnirgude ahdPei Qevdocumrent rbgenR ra@ridey dud et ect a
position with a period shorter than a servo sanpling period, a pattern

(signal) fer datestyagiotonekhnikaclkoploreda Netle Qifiralir aGk A gawriovi ded
between the data séctors is used. Thus, a different ‘additional servo
signal is pewhyarequeiked1an.addi 4@l e theoneerdlinSeHOata 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 1s read out with a read head, and
it 1s 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 Priocr 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 1is newly required in addition to the normal sector



4 servo signal and user data sector. Hence, the nunber of processing in a
servo wite process increases, and a new processing nechani smfor
controlling the head position is required. 0007] The present invention has
been nade with the <circunstances as described above as a background, and it
is therefore an object of the present invention to prevent off-track wite
that will be caused due to a mechanical 4 vibration of a head by utilizing an
effective technique. [Means for Solving Problen] [0008] According to a
first aspect of the present invention, there is provided a nmethod of
controlling wite of user data to a nediumhaving a plurality of servo data
di sposed ekreunkenenti ahby vakri Ahekvakstton .eatdndd ackhe ansgisat aof sect or s

| ocat ed between the servo data , conprising: positioning a head above a
target tragkotBswhhghihha yseko datidel proecbe Whictearean t&nel rotafW ng medi um
by using read- out servo data; reading the data sectors of the target track

with said beadesandgdekendiniisig fappovalroan ingi sapphewal pofsiwiidre iof data to
said nediumby using a read signal for the data sector. The approval or

di sapprovakegf;ireni.te of data to the mediumis deternmined by using the read
signal for the data sector, whereby a vibration which

[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 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. 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 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
Wi thin a servo sector is detected, and the approval or disapproval of wite
of data to the nediumis determ ned bydusing 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 head vibration can be prevented. According to a third aspect of the

present in¥ephheNpe erEBgeigcee@e@§9a05aséhuehuehgogérq% Head a@nals for
data sectors within a plurality of servo sectors are detected, and the

approval opcdisapproygl efuw ihe gkfd%EéckowEQ%e QﬁgkUWhﬂi @%t%%”%%%d by
using the respéctive fluctuations of the read signals of the plurality of

servo sectgrs. +AS¢fe 5§§HEanBh%ahUQQ”gQEVE9EeHh? approval or disapproval
can be nore precisely perforned According to a fourth aspect of

t he preseng b@g?ntlon in the second aspect, the approval or disapproval of
wite ata to said nediumis determned by using a fluctuation of the

read signal for A@E%r‘éﬁtn% SRELOTsd b MU & I Qe 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 judgnent for the approval or disapproval based
on the efficient processing can be perfornmed. 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 rum val ue and
a mnimmval ue of the read signal for the data sectors in said servo
sector. As a result, the vibration can®e 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 judgnent for the approval or disapproval can be nore precisely

perforned. ;Aceqrdi AG 0 & ssAENtIh ASRRGNHNt the: RIRSeHpidweantdon, in the
first aspect, the approval or disapproval of wite of data to the nmediumis

det er mi nedgby Hsthg.2 PHgadq Baskhkovrirdenthti pdobyskhegsernvopdata, and a
read signal for the data sector in the sane servo sector as that of the
servo dataysPAsoapkgsult, the precise judgnment for the approval or
disapprovaF can be performed with less data. [0012] According to an eighth

aspect of the pnesentyiven i0m: ri ddedd et @sPeHasdihte appLovaln or
di sapproval of wite of data to the nmediumis determ ned by using a head
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 1n 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 ldentified 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 tec the medium 1is 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 sane servo sector as that of the servo data. As
a result, the precise judgnment for the approval or disapproval can be
performed wth |ess data. [0013] According to a ninth aspect of the
present invention, there is provided a data storage device for witing user
data to a mediumhaving a plurality of dervo data di sposed
circunferentially at intervals in each track, and data sectors |ocated
bet ween the servo data , conprising: a head for reading out the servo data
and the data sectors from said nedium and a controller for controlling

posi tioni ngos9fibheahead abauespetar gekntiagkdi Bywiheh skhecuserajatad s to
be witten on the rotating nedium by using the read-out servo data, and for

det erni ni ng appRO¥@Lnal @bsapReoMak a0kecbirt noknbhgansersdaia sk teai d
medi um by using a réad signal for the data sector in the target track. The

approval ofsdi8apprevaheoteWibt 620k . datd 4 o ddi fTRdiniM g Sec ied ermi ned by
using the read signal for the data sector, whereby a vibration which cannot

be precisely,dataet edr basedpprotae ser uqs%g@o@a@ bandele¢icadorard thus the
off- track”wrte that wll be caused due to the vibration can be prevented.
[ 0014] 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, 1in the ninth
aspect, the controller determ nes the approval or disapproval of wite of
the user data to the nediumby wusing a fluctuation of a read signal for a
data sector wthin a servo sector. As a result, the head vibration caused
bet ween the adj acent servo data can be gffectively detected, and thus the
off-track wite that will be caused du€ to the head vibration can be
prevented. According to an el eventh aspect of the present invention, in the
tenth aspect, the controller determ nes the approval or disapproval of
wite of the user data to the nmedium by using fluctuations of read signals
within the pluRakotrgiofy serwo teacthorspeds afr el preseay udgeaftidror the
approval or disapproval can be nore precisely perforned. [0015] According
to a twel fih aspecinoh &tbpeptesehé cowendldbar dehetrhéntentheaspecvyatthe
controller determ nes the approval or disapproval of wite of the user data
to the nedbunibyappsongltbé #ricetuafi bheofiséhedatadtsi ghal mkdiuttheydat a
sector in a single servo sector. As a result, the judgnent for the approval
or di sapprovahgbasetluonuthéoef bfceentadpsbdgessi Aigrcandbéaperkaomed.
According to a thirteenth aspect of the present invention, in the ninth
aspect, theiclhhhrel tervdetsectivnes Ast ke ragprlavalt her hdiashpproonegiicof wite of
the user data to
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 nmedium by using a maxi nrum val ue and a m ni nrum val ue 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 judgnent for
t he approval or disapproval can be nore” precisely perfornmed. 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 nediumby using a head position identified by the servo data, and a
read si gnathd aredhen day aisecd ox maximen saarkue sendoa sechonuasvehae of t he
servo data. As a result, the precise judgnent for the approval or
di sapprovatheared® spgrd brired wh¢ hddessseatar (00174 séceordengoto &s
si xteenth aspect of the present invention, in the ninth aspect, the
control | era deterni neshe thebappirovatanrbei sapprovay ahdweteioy the user data
to said nmedium by using a head speed identified by the servo data, and a
read signalefertddie data sector in the sane servo sector as that of the
servo data that specifies the
[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



10 head speed. As a result, the precise judgnent for the approval or
di sapproval can be perfornmed with | ess data. According to a seventeenth
aspect of the present invention, in the ninth aspect, the controller
determ nes the approval or disapproval of wite of the user data to said
medi um by usi ng head positions and heaqgfpeeds associated wth 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 perforned with | ess data.
[Effects of the Invention] [0018] According to the present invention, it is
possi bl e tlcapravend . t Re of frebuack whiet erehasewiuldgbentadsed tdige to t he
head vibration. [Best Mdde for Carrying Qut the Invention] [0019]
Her ei naf t exppaow &ihrbodi diesdpp oowhl chat hiee ppestatmednvehhi baseanabe - appl i ed
wi |l be described. For the sake of «clarification of a description, om ssion
and sinplificat Ronordiegstict ablsgvendeentht hepeoltl oli g edesesignt on and
drawings. |In addition, in the drawings, the sane constituent elenents are
desi gnat edimr¢it 1 dwe, samet hef ei ehoeappeet al sheandntoplibe dakermfines
clarification of a description, a repeated

the approval or disapproval of write of the user data to

salid 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 omtted if necessary. [0020] One of characteristic points
in wite processing control of this enbodinent is judgnent for approval or
di sapproval of wite of user data to a magnetic disk. In particular, in
wite processing, the approval or disapproval of wite of the user data to
the magnetic disk 11 is judged by usinﬁ a read signal for the user data in
addition to servo data. As a result, a ctuator vibration which cannot be
preci sely detected based on the servo data is detected to prevent off-track
wite. Hereinafter, the enbodinent of the present invention will be
described by exenplifying a hard disk drive (HDD) as an exanple of a data
storage dewé<eripO0R]]is Tomiraked unflenstansing. of the characteristic points
of this enbodi ment easy, firstly, an outline of an overall configuration
of the HDD[s2d] be described. Fig. 1 is a block diagramschematically
showing an HDD | according to this enbodinment. As shown in Fig. 1, the HDD
1 includes a nagsebifcclbskctirastan exanple iof wa imedipumdesadorgdi ng
medi um), head elenments 12 as an exanple of a head, an arm electronics (AE)
13, a spinghet rot osf (SPM dhboaimencei €ofhdgmehor £ ¥Chppibyaandran act uat or
16, which are provided in a hernetically sealed encl osure 10.

disapproval of write of user data to a magnetic disk. 1In

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. Herelnafter, 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.



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 wite channel (R'W channel) 21, a notor 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
i ndividual circuits can be integrated i configuration into one IC or can
be separated into a plurality of ICs 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
el ement 12(0042¥] 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 Theoubh thésAgresSidad wihb R/ Wichahhebo2id POOZALchNext, the
constituent elenents of the HOD 1 will be described. The magnetic disk 11
is fixed tooiidme SPMHet. outihied SRM 1zhe otrat bssuthe hignéhiec HIDsK hésapna
predeterm ned speed. The notor driver unit 22 drives the SPM 14 in
accor dance:vé tdi wonttr dboatad a2 r bds t ecHDGE P €81 White nelgaeneét dRsK 11 of
this exanpl e includes recording

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



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 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 SW ngs about a pivot shaft,
thereby radially noving the head ele s 12 (and the slider) on the

rotating magnetic disk 11. The notor driver unit 22 drives the VCM 15 in

accordance with the control data (referred to as DACOUT) fromthe HDC MPU
23. [0026] The head elenent 12 includes a wite element for converting an
el ectri calssifmeds iont ovlal elmgheta cifi b doe nreaerdedancel Wit hotbcoideag data
to be recorded in the magnetic disk 11, and a read el enment for converting

the nmagneind fhellvedd ol ¢henomphetscpdbskddd intassheiatlhentwital signal.

It should be noted that one or nore sheets of magnetic disks 11 are

provi ded asakct heececdindy ngursacéace can be forned on one side or both sides
of the magnetic disk 1. [0027] The AE 13 sel ects one head el enent 12 for

accessing [@025yagnetic disk 11 fromanong a plurality of head

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, anplifies (pre-anplifies) a regenerative signal read out by
the head el enment 12 thus selected wwth a given gain, and sends the
regenerative signal to the RRW channel 21. In addition, the AE 13 sends the
recording signal fromthe R'Wchannel 21 to the selected head el ement 12.
[0028] Wien transferring the user dat o the host 51, the R Wchannel 21
executes read processing. In the read ocessing, the R'Wchannel 21
anplifies the read signal supplied fromthe AE 13 so that the read signal
has a given anplitude, extracts data fromthe acquired read signal, and
execut es decode processing. The data thus read contains the wuser data and
t he servo dbtreentThel 2 paginpbef idat osebimet efliesb & heedevedetprecessing is
supplied to the HDC/ MPU 23. [0029] In addition, the RFWchannel 21 executes
wite prosessingréad ¢bhe ogetheabaadrahshent etl?t henet seleometheithost 51.
The R/'Wchannel 21 executes the wite processing in accordance with a
control sigiaén fgaimt hendDSEMPY 28e tegethdreatn Ve espgoeessonghet REWR/ W
channel 21 code-nodul ates the wite data supplied fromthe HDC MPU 23,
converts tdieanmél e21 daffa thdstdode- mbaulat €4 isehdsativel tre irgiialg and
supplies the resulting wite signal to the AE 13. [0030]

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 | oaded
into the RAM 24. Wth the activation of the HDD 1, in addition to the code
for permtting the MPUto operate, data required for the control and data
processing is |loaded fromthe nagnetic 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 dat & processi ng such as read/wite
processi ng control, rmanagenent of order of command execution, positioning
control (servo control) for the head elenents 12 by using a servo signal
interface control, and defect managenent. [0031] One of points to be
noticed in thisignbadi reayMpry a3,t eaknivgue cbek ajte@giing aapiraMsalceOrlwith

di sapproval of wite of the user data to the magnetic disk 11. In the wite

processi nga ¢hge HALMY 23t 6f t hbi saenbodi wenh judges ttike t iapprodvaheor
di sapproval of wite of the user data to the nmagnetic disk 11 by using a

read signagpfor, the é@@{tg@ﬁatoiﬂh@dgb@éoﬂoiopéﬂﬂiﬁeiﬁﬁ dataMpW tb the above
technique, an actuator vibration which is nearly synchronized with the

Servo fsan%d;bé‘ﬂati.é, deiest edqh Droadesrt onpreyentoof dnbiraska webtessThg
vi bration detecting technique and the wite approval/disapproval judging
processing; yi | babeq desshi bed mhgndeidi hibrt 1. oL 0PBEl 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 1is 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
recordi ng surface of the nmgnetic disk 11. As shown in Fig. 2, a plurality
of servo areas 111 and data areas 112 are fornmed on the recording surface
of the magnetic disk 11. The plurality fé servo areas 111 extend radially
in aradial direction froma center of*the magnetic disk 11 and which are
formed separately fromeach other at intervals of a predeterm ned angle.
The data areas 112 are forned between the correspondi ng adj acent servo
areas 111. The servo areas 111 and the data areas 112 are alternately
provi ded at i nRerfealrinof ta priedetler mened danglde.t aThe Sérevmadatet iused t o
performthe positioning control for the head elenments 12 is recorded in
each of theiservd aieasbdldesThebuser Fdat.a2i $cheeaarided liyn sdacds of the data
areas 112. [0033] A plurality of tracks 113 each of which has a

predet er mi pedtwi df htha tBeoradidabadir ent kopeanddwhicbuarfececoicehneri cal |y
formed are formed on the recording surface of the magnetic disk 11. The

servo dat anagdethe gs5ek dat aasarstowvecanded gal ang at e uraacksy WiB.sée track
113 includes a plurality of data sectors (recording units of the user

data) eachapéawhith hsdpagvhdedebst veenatbereoneaspandhagreserdangreas 111.

That is to say, each of the tracks 113
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 1l1l1l. 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 di sposed separately from
one another at intervals of the predetermned angle, and a plurality of
data sectors each of which is disposed between the correspondi ng 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. [0034H A plurality of tracks 113 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 114a to 114c are
exenplifi econterrecod db hgrd r equentysée svo chiangeeh evier yreodéspwhedeby it i s
possible to increase a recording density of the overall magnetic disk 11.
[0035] Hesepamadtery sromchmé queotiosr conttotéinglasef daka wite to the
magnetic disk 11 will be described. The HDD 1 of this enbodi nent perforns
Wite processidige eonte@l abyle ysaing anpauphliugdeodfdebe seadossgrathfor the
data sector (user data) in addition to the servo data. The read signal for
the data seetwhidls Usedi&Poset eptttbenachelatof reypbnathgnssynochdankazed with
servo sanpling. Wien there is the vibration exceeding a reference, Wite
I nhibit isrseiddidBom, resuthistBeebeadcyt boafi oanseabobeedetaadtad whbmh

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 1ll4c 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 1is

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 wite due to
the head vibration can be prevented. 0 0 3 61 Fig. 3(a) schematically shows
a situation in which the read elenent 121 included in the head el enent 12
makes track follow ng. There is shown a situation of novenent of the read
el ement 121 between two pieces of servo,data 21la and 211b. Seven data
sectors 212a to 212g are recorded bet n the two pieces of servo data 21la
and 211 b. That 1is to say, in this track, one servo sector is constituted
by the servo data 21la, and the seven servo data sectors 212a to 212g. O
0371 When the read elenment 121 radially vibrates at the sane frequency as
t he servo sampbt ngef degeeney basatl an &requeacyighath kBsdi ntfédgtakckul tipl es
of the servo sanpling frequency as shown in Fig. 3, the HDD | can detect
t he vi bratibbe basedtonthbehsedvoibrghabnstacebethprseeuntdesi.gnal read out by
the read el enment 121 does not change. Wien the wuser data is started to be
witten tojobhgchagnetic disk 11 in this state, the off-track wite takes
pl ace, and thus new different user data is overwitten to the user data of
t he adj acent traglk.. GQG38%kch@matheadtiiershivarsd a tshie vartpldrt ude wifidhechreead
si gnal

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 21la

and 211b. Seven data sectors 212a to 212g are recorded

between the two pileces of servo data 21la and 211 b. That

is to say, in this track, one servo sector 1s 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 i1s 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



19 for the data sector 212 changes in accordance with the vibration caused
in one servo sector. One of values representing the anplitude of the
readi ng signal for the data sector is read back signal anplitude. The read
back signal anplitude is a value representing the actual signal anplitude
when the read el enent 121 reads out a pagttern wthin the data sector. That
is to say, as shown in Fig. 3(b), the ad back signal anplitude changes
such that it nonotonously decreases in a radial distance froma follow ng
track center of the read el enent 121. [0039) Thus, the read back signal
anplitude is used to detect the vibration (head vibration) of the actuator
16, i.e., féhetheadhed esentond22]ehahdes ach uatoordsnbeywndht heelints of a
reference, the data wite to the nagnetic disk 11 is inhibited. In this
way, Witevilsrperomtiéedsanden anecoadidi oactorwhiock tle viedaesvi bration falls
within the limts of the reference, whereby it is possible to effectively
prevent theewfdsdmackg wthé eahp bt bee ngt calusetdeadlingaddyghbdnfosi nbe the head
vibration results fromthe nmechanical resonance of the actuator, it
decreases aitdh sé¢it®r Henceadwbenkt hegheadamp bt ahden @xecedsd hadakef er ence,
the HDD 1 does not start to wite the user data to the magnetic disk 11
until the yibrati anpditthe astaatoluebespresestihy. 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, i1t 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 enbodi nent uses a fluctuation of the read back
signal anplitude in order to precisely detect the vibrations of the head
el ements 12. Since a factor to be detected is the nechanical head vibration
bet ween the servo data, the fluctuation of the read back signal anplitude
in this area becones a problem Wen t fluctuation remarkably exceeds a
reference value, wite is inhibited, | e when the fluctuation falls
within the reference, wite is permtted. [0041] Preferably, as shown in
Fig. 3(b), the magnitude of the fluctuation of the read back signa
anplitude is judged by using a difference between a maxi num val ue (MAX) and
a mnimumeoatae (MN) of a read back signal envel ope between the servo
sectors 21la and 211b. For exanple, the approval or disapproval of wite
can be det er mi n@thebyDEodparfi g ik embadAxen tMuNe swiat I larqoreati ious|of sEte val ue.
In addition thereto, a cal cul ated value such as MAXX MN or (MAX - MN/MN
can be usedetd badersigndét empinevdppiovalkder tdi papphicedly ofetwcitt éhe
Incidentally, to avoid an influence of noises, for exanple, the maxi nmum
val ue (MAXyibtathensaopl chadeerndyedksonbe dét ersiimed o rigm tarmongp tde
anplitudes except for the anplitudes beyond the Iimts of the specified
anpl i tude. 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 21lla 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 determ ne the approval or disapproval of wite by
using the fluctuation of the read back signal anplitude in one or a
plurality of servo sectors. For 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, t he approval or disapproval of
wite can be determ ned based on the nitude of the detected fluctuation.
It is preferable in terns of processing efficiency or perfornmance 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]
Alternativéed§42jif the HDD 1 detects the fluctuations of the read back
signal anplitudes in a plurality of servo sectors and the magnitude of each
fluctuation det &heedDDf dl lcsnwidetienrntime Ithe eppofovieie arefdrssmye;otdie HDD 1
can permt data wite to the magnetic disk 11. For nore precise vibration
det ection,wittésbprefenagbtbet 6luseuthéonf blictbat read beckheigead back signal
anplitudes in a plurality of servo sectors. In addition, it is preferable
that a pluesmpliiyudé sereonesectorplbeatonyi ndoasrvp0644forAt tHmat, a change
in read signal anplitude in the data

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

sServo sector.

[0043]

Alternatively, 1f 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 exanple, can also be obtained froma variable gain anplifier
(VGA) gain included in the R Wchannel 12. The VGA perforns gai n adjustnent
so that the anplitude of a preanble as a given frequency signal within the
data sector becones constant. The HDD 1 can determ ne the data sector read
signal anplitude associated with the dqh% sectors from the gain. The HDD 1
allows the VGA gain to detect the read ack signal anplitudes in the data
sectors 212a to 212g between the servo sectors 21la and 211b to judge the
magni t ude of the anplitude fluctuation fromthe maxi rum value (MAX) and the
m ni mum value (MN) anong them [0045] Subsequently, an overall flow of
wite processioyg ofortdksmehbodcarnslaw|bebebdescedbédomFagvagzishéas a
change in the servo signal acconpanied by the novenent of the head el enent
12 in the quin eaqwbiessr ngvGEachatnr thelveépdesentse B/Heabapositildn, and the
head position changes froma left- hand side to a right-hand side in the
figure. ThehdeadhA positinm gahnbediepresent ed byah vhkuempfiigugesifi en
signal (PES: Position Error Signal) read out by the head elenment 12 (the
read el eneptediZd)e dheaposvénofireggeaatyi sigodet evinined bhsedadn address data
and a burst of the servo signal. [0046] In the wite processing, the head
el ement 12opestfos nBonstant. The HDD 1 can determine the data sector

read signal amplitude assoclated 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



23 an operation for seek froma current track to a target track. The head
elenment 12 is noved within a track wwdth 411 of the target track and then
enters a seek conpletion position range 412. Thereafter, the head el enent
12 makes following along the track center 413 of the data track. The HDD 1

of this enbodi ment permts user data wjte to the magnetic disk 11 when the
head position determ ned based on the % sition signal, the head speed
determned simlarly based on the position signal, and the nechani cal
vibration detected fromthe read back signal anplitude fulfill their
respective conditions. [0047] More specifically, a first condition is such
that the headpspeédoobtfarnedekr dmoar ehangeeint posicti ¢o i greagdgeftal s within
the limts of a reference value. Mreover, it is a second condition that
the val ue ofrathe pusi themt silgmednt fldd |iss widvedh wal Wriint e2 peradlssibitir ange 414
as a reference range. A plurality of continuous servo signals need to
fulfill thddé bdottenditrigens triicy. asdslibes antexamel edak ashmipdle figur
continuous signals 451 need to fulfill the above-nentioned two conditions.
[0048] In pbheidDbnlrehgehidd 2exdhEesafiten,s Ehaedelid ioemart W inekger m ssi on
that the fluctuation of the read back signal anplitude in the data sector
falls withifplflbeing 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 exanple of Fig. 4, the HDD 1 perforns the
j udgnent about the head vibration at timng 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
anplitude falls within the reference r%ﬂﬁe, wite is permtted in the
forward servo sectors in and after the ext servo sector 422. [0049] The
above-nentioned wite approval/di sapproval judging processing will now be
described in detail with reference to a flowchart of Fig. 5, and Fig. 4.
The HDD/ MPU 23 executes the wite approval /di sapproval judgi ng processing
by usi ng thefdatmcobtanged finomhehexRiplehadnélig2l4, Widre HOe write
processing is started, the HDC/ MPU 23 acquires pieces of servo data in
accor dancepai fdrtdhet hoveneahe ot &beut helhd eéedenibt2t(Shlat Mdméng
specifically, the RRWchannel 21 extracts the servo data fromthe servo
signal reatbbusftdy the head stemensidRaandidtanster sulfiéldedvohdata thus
extracted to the HDC/ MPU 23. [0050] Next, the HDC/ MPU 23 j udges whet her or
not each oésthielidiead posditoass(enchtoththeepdspbsdnishgralsyhtahksdw thin
the seek conpletion position range 412 (S12). \Wen each of the head
posi tions geesdnotvhkal Ithe tthiue tilke iseek fcamel ekladnback 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. Wen each of
t he head positions falls within the seeé conpletion position range 412, the
HDC/ MPU 23 judges whether or not the h Ad 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 conpletion speed range, the counter is
reset (S13), and the operation returns back to the step (S11) of acquiring
the next sesvoidat aanWkedlbhe theadospeed fial lreseitt HiSd Hherskeakie conpl eti on
speed range, it is judged whether or not each of the head positions (each
of the posppeeatsobgnakshrhal bsckwtohithet 3&ewr i(iSé 1Ipenfi ssiqon miangedl4 ( S15).
When each of the head positions (each of the position signals) does not
fall wthi nekheserivbedperm sgioncaange Al dhevrcaunt®ergi s4, resets¢®13), and
the operation returns back to the step (S11) of acquiring the next servo
data. Wienteaghdgk thethkeadrpositt iaops ufeach yobft e cpes tdforcsigmala)s fal ls
within the wite perm ssion range 414, the HDC/ MPU 23 judges whether or
not a counkemuBberntaxdéedsua friefler@rcepealideeN cEddin itdnes .exdingh ecadh Fi g. 4)
(S16). When the count nunber

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 (S1l4).

[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) (Sle6). When the count number



26 does not exceed N, the HDC/ MPU 23 increnments the count nunber (S17), and
the operation returns back to the step (SII) of acquiring the next servo
data. [00521 Wen the count val ue exceeds the reference value N (S16), the
HDC/ MPU 23 j udges whether or not the fluctuation of the read back signal
anplitude falls within the limts of tyje reference (S18). This judgnment can
be performed in accordance with the a e-nentioned techni que, e.g., under
a condition for the permission that L = (MAX - MN) does not exceed the
reference value. Wien the anplitude fluctuation does not fall within the
limts of the reference (S18), the HDC/ MPU 23 resets the counter (S19),
and t her eafdes wati texdord S optlod HDh@/NPBrad | omcoénemes helad cebehent 12 (S20)
. More specifically, after stopping processing for the predeterm ned
speci fi ed tumeert hel 7 HDGMPULLI28 opstaticnthet prioselsschgtonthadsaeéper the
step (SlII) of acquiring the next servo data. On the other hand, when the
anplitude f$uct uaf iorquirihe tleadndackssrgmallatdalls within the limts of
the reference (S18), the HDC/ MPU 23 perforns the judgnent about the wite
perm ssion[{@2), and wites the user data in the target data sector. 0 0 5
3 1, In the above-nentioned processing flow, the wite approval/di sapproval
judgnment is perfWaenedhbasednanvihee 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 (519),

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 acgquiring 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



27 anplitude 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 wite approval/di sapproval judgnment 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 2§3 i ncl udes anot her counter, and
permts wite when each of the fluctuations of the read back signal
anplitudes in a plurality of continuous servo sectors is equal to or
smaller than the reference value. As a result, the nore precise anplitude
j udgnent ismpet fodeef]luandathenobf-thackingkét redd hvck sébnabl ynppegent ed.
In this case, a plurality of servo sectors for the judgnment about the
vi bration s¢evoregutoedrighaddfteonthe hepliupabityonf asdrvbesketdrs for the
j udgnment about the head speed and the head position. [0054] A flow chart of
Fig. 6 showsecamofhefipreteeabpecifite cappiovahsd Japgprkeyalh jsyddgiheg
processing flow. In this wite approval/disapproval judging processing
flow, unlikeitdeapexranpl egdbsappgovd] fhegpedgneat abeuat behpeehé¢admedbrati on
is perfornmed together with the judgnent about the head position and the
head speedby Thsisngt tiee paepl seufadgireatuaabons theavpbonatildanyi sfpeetropnmed by
using a plurality of servo sectors, and the nunber of servo sectors for the

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 1s equal to or

smaller than the reference value. As a result, the more

precise amplitude judgment is performed, and the off-track

write 1s 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 wite approval /di sapproval judgnent is reduced to enhance the
performance. This processing flowis different fromthe processing flow
descri bed above with reference to Fig. 5 in that the vibration judging step
(S18) is executed before the step of judging the count nunber (S16). [00551
That is to say, when the head speed fal Pg within the seek conpletion speed
range (S14), and the head position fal within the wite perm ssion range
414 (S15), the HDCI MPU 23 further acquires the read back signal anplitude
of the data sector within the servo sector concerned, and executes judgnment
processing (S18) about the fluctuation thereof. Wen the signal anplitude
fl uct uati omrfiglel spwirtchviai / dtilse dhnrvas. gfuddme ntefier erssiicache HRTINMPY 3
increnents the counter (S17). Wen the read back signal anplitude
f | uct uat i onhex peeds rivhe aeef e7lehs ep vat eies 1 ndref HRC/ MPUW RBfereset Eroheteunt er
(S19) and repeatedly executes the processing in and after the step (S11) of
acqui ri ng hecesexngsdrlve datsa aftear almivia ng thorr etfleerestasp tof Eie. Heaih
vibration (S20). [00561 In this way, the head vibration judgi ng processing
(S18) usi nghtalte tdhat & idecttdronr gadicsingnalteaps (EXédutied avidadut gk dpeiird o t he
same servo sector as that of the servo signal together with the processing
(S13 to Slhefatep of judging the count number (S16).

[0055]

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 wailting 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



29 judgi ng the head speed and the head position using that servo signal,
whereby the efficient judgnent processing can be executed even when the
vi bration judging processing is executed with respect to a plurality of
servo sectors. As a result, the reduction of the perfornmance can be
suppressed. [0057) Next, signal processing wthin the HDD 1 in the wite
approval / di sapproval judgnent processi w Il 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 RI'W
channel 21. Fig. 7 shows transm ssion signals transmtted anong the HDC/ MPU
23, the RiWghannehe2lcatddspbedAEnd3thé&i gea8 pssattipn ngichathatabout these
signals. It should be noted that this timng chart schenmatically shows
changes i nsstgnassgnbii wbesehpt thpreftseiynteflhdghetheproresging the act ual
HDD. Figs. 7 and 8 show an exanple of the head vibration judging
processi nghe andcprodessengwhen whet vhgréhéonsgnddahg pmothessegvas sector
next to the servo sector for which wite is judged to be permtted. [0058]
As shown iax&tgted,wihe HEDEHHPU 23 eupputslcont bl sesivgnakstoirse. Asaawrite
gate signal (Wite Gate), a read gate signal (Read Gate), and a servo gate
signal (Ser¥soulafe)héorébecRiichannek Rérfdheamckt eagabe sugpakssed.

(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 (Wite Gate) is a signal used to control wite 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 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 data signal (Servo-Data-Signal) and a read
user data signal (Read User Data Signald0 anplified by the AE 13 are
transferred to the RRWchannel 21. The RFW 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 gy MOM 15 cont19l askgpahifnosuthe serveodaaith oerdae tigegontrol
t he head position, and outputs DACOUT to the notor driver unit 22. [0060]

Moreover, the, RWghannehn2dibdgnsifies angrxaumgaral ug MAX) and a nini num
value (M N) of the read back signal anplitude in the correspondi ng servo

sector fromdihe ciead uses datAasighal {Readntsel - Paka- Skgrak) ukeansferred
thereto fromthe AE 13, and siores the maxi mum val ue and the m ni num val ue

i dentifiedylp,arroQi sEErmiHRLL SBOMNY K Wi t hirR ot Re BloWGhannalgr2. The HDC/ MPU
23 acquires these values (MAX, MN) fromthe register at timng for the
head (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 acguires these

values (MAX, MIN) from the register at timing 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 R'W
channel 21. The 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 LCNV(Asssert§¥ the servo data (Servo Data) 211 is
read out fromthe magnetic disk 11. In addition, when the wite gate signal
(Wite Gate) is at LON (Asssert), the wite data (Wite Data) is witten to
the magnetic disk 11. Mreover, for the HOD 1 of this enbodinment to

per f or m t hei beadi yh bf adgeent udgmsem:tr,lt\@h@rf the daead tgateesingialet(iRead Gat e)
is at LON(Asssert), the user data (Read User Data) 212 is read out from

the magnetyicskdisk dde 10062] dhbat herexanpheapfiki graBsreheedDELNRU 23
judges the wite approval/disapproval by using the maxi mum value MAX and

the m ni nuphyahve/MiN 08 tbethead/haskashgnabl anpinet wder Qfarmedatoa sect or
212r at timng indicated by an arrow. It should be noted that, before this

timng, thep MLk 28e shaswak t eadythudggdat hakirt be bead sagadmn@rbhne head
position fulfill the specified conditions. In this exanple,

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) 1is 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) 1s 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 wite data is
imediately witten to each target data sector 212w in the next servo
sector. [0063] Wiile the present invention has been described so far by
giving the preferred enbodi nent as the exanple, the present invention is
not limted to the above-nenti oned enbgﬁinent. Those skilled in the art can
readily change, add, and convert the cofistituent el enents of the above-
menti oned enbodi ment within the scope of the present invention. For
exanple, the wite approval /di sapproval can also be determ ned by using the
fluctuation of the read back signal between a plurality of servo sectors
i nst ead of siusenghtheetbuctibabitarnoffatlie weadibaek teilgnalinos,t Hile one servo
sector. In addition, the present inventionis not Ilimted to the HDD, and
t hus can berappl dedat ast hemdatia t edtyowage teavicoesawdi ng roteterdatmpes of nedi a.
[Brief Description of Drawings] [0064] [Fig. 1] Fig. 1 is a block diagram
schenmat i cakkytshodiiag an tbeemnailt cenfiiogseattioan of an HDD according to this
enbodinment. [Fig. 2] Fig. 2 is a diagram schematically showi ng a physi cal

[(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 medisa.

(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 enbodi nent.
[Fig. 3] Fig. 3 is a diagramshow ng a situation in which a read el enent
according to this enbodi nrent nmakes track follow ng, and a read back signal
change acconpanied by the track followng. [Fig. 4 Fig. 4 is a diagram
showi ng a change in servo signal acco ni ed by novenent of a head el enent
in wite processing according to this odinent. [Fig. 5] Fig. 5is a flow
chart concretely showi ng wite approval/di sapproval judging processing
according to this enbodinent. [Fig. 6] Fig. 6 is a flow chart showng wite
approval / di sapproval judgi ng processing of another aspect in this
enbodi nment fdrkiag. of] dRitg. réderdedlachk disagreamcs ibwing dgansimesion  signal s
transmtted anong an HDC/ MPU, an R/Wchannel and an AE. [Fig. 8] Fig. 8 is
a timng charits simbwidignecttanges in signal s

[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 1s 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 1s 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 1s a timing chart showing changes in signals



34 shown in Fig. 7 in head vibration detection and wite
approval / di sapproval judgi ng processing according to this enbodi nent.

[ Description of Reference Numerals] [0065] 1 ... hard disk drive 10 ...
enclosure 11 ... magnetic disk 12 ... head elenent 14 ... spindle notor 15
... voice coil notor 16 ... actuator 2%4... circuit board 21 ... read wite
channel 22 ... notor 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

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 ... volce 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



22 ... MOTORDRIVER UNNT 51 ... HOST FIG 2 111 ... SERVO AREA 112 ...
DATA AREA 113 ... TRACK 114a ... ZONE 114b ... ZONE 114c ... ZO\NE FIG
3(b) READ BACK SIGNAL FI G 4 411... TRACK W DTH 412. .. SEEK COVPLETI ON PGCSI Tl ON
RANGE 413. .. DATA TRACK CENTER 414... WRITE PERM SSI ON RANGE 421... WRITE
APPROVAL/ DI SAPPROVAL JUDGVENT 422. .. %E PERM SSI ON (SPEED) 36 FIG 5 START
S11... ACQUI RE NEXT SERVO DATA S12...POSFTI ON < SEEK COVPLETI ON POSI TI ON
RANGE S13...RESET COUNT S14...SPEED < SEEK COVPLETI ON SPEED RANGE

FIG. 1

21 ... R/W CHANNEL
22 ... MOTCOR 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 PERMISSIOCN

(SPEED)



S15. .. POSI TION < WRI TE APPROVAL RANGE S16... COUNT NUMBER > N S17.. .| NCREASE
COUNT NUMBER S18. .. READ SI GNAL FLUCTUATI ON > REFERENCE VALUE S19. .. RESET
COUNT S20... WAIT FOR VI BRATI ON STOP S21... WRI TE APPROVAL NEXT PROCESSI NG
FOR WRITE FIG 6 START S11... ACQU RE NEXT SERVO DATA S12...PCSI TI ON < SEEK
COVPLETI ON PGSI TI ON RANGE S13. .. RESET NT S14...SPEED < SEEK COVPLETI ON
SPEED RANGE S15...PCSI TI ON < WRI TE APPROVAL RANGE S16. .. COUNT NUMBER > N
S17...1 NCREASE COUNT NUMBER S18...READ SI GNAL FLUCTUATI ON > REFERENCE VALUE
37 S19...RESET COUNT S20...WAIT FOR VI BRATI ON STOP S21... WRI TE APPROVAL

NEXT PROCESSING FOR WRITE FIG 7 21 ... R W CHANNEL
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



22 ... MOTOR DRIVER UNIT 38 [Title of Docunent] Clains [Claim1] A method
of controlling wite of user data to a nmedium having a plurality of servo
data di sposed circunferentially at intervals in each track, and data
sectors | ocated between the servo data , conprising: positioning a head
above a target track in which the user tais to be witten on the
rotating nmedi um by using read-out servd ‘data; reading the data sectors of
the target track with said head; and determ ning approval or disapproval of
wite of data to said nmediumby using a read signal for the data sector.
[Claim?2] A nethod according to claim1l1, wherein a fluctuation of a read
signal for JlYata SKHIWr WWEMI N a servo sector is detected, and the
approval or disapproval of wite of data to said nmediumis determ ned by
usi ng the f3axtuat ivonl Tef@R ' €TBRATTDMI $7GF A net hod according to claim 2,
wherein fluctuations of read signals for data sectors within a plurality of
servo sectitls are WelBctZEPRR@VAILt he approval or di sapproval of wite of
data to said nediumis determ ned by using the

NEXT PROCESSING FOR WRITE

FIG. 7
21 ... R/W CHANNEL

22 ... MOTOR DRIVER UNIT



respective fluctuations of the read signals of the 39 plurality of servo
sectors. [Caim4] A nmethod according to claim?2, wherein the approval or
di sapproval 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
sector. [Caimb5] A nmethod according to claim 2, wherein the approval or
di sapproval of wite of data to said nmedigumis determ ned by using a
maxi num val ue and a m ni num val ue of the read signal for the data sectors
in said servo sector. [Caim6] A nethod according to claim3, wherein the
plurality of servo sectors are continuous servo sectors. [Claim7] A nethod
according toTctaenpt, Dohemenh]t Béaapproval or disapproval of wite of data
to said nediumis determned by using a head position identified by the
servo data, [ahdimaliead signal for the data sector in the sane servo sector
as that of the servo data. [Claim8] A nethod according to claim1l1, wherein
t he approval or Adirsappcdovel cafntwdltle ref wdatte tof seded mEamoe 2 detdrum ned
by using a head position and a head speed identified by the
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



servo data, and a read signal for the data sector in the 40 same servo
sector as that of the servo data. [Caim9] A data storage device for
witing user data to a nediumhaving a plurality of servo data di sposed
circunferentially at intervals in each track, and data sectors |ocated
bet ween the servo data , conprising: a head for reading out the servo data
and the data sectors fromsaid nediumy@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 nmedi um by using the read-out servo data, and
for determ ning approval or disapproval of wite of the user data to said
medi um by uysiuig ld tead segnad faartorddhe data sector in the target track.
[Claim10] A data storage device according to claim9, wherein said
control |l er [detsdmm4ries the approval or disapproval of wite of the user data
to said nediumby using a fluctuation of a read signal for a data sector
within a servo seféoiod[ &tavniid Acodataist dr ageedevincehaceppdprglt orcl ai m
10, wherein said controller determ nes the approval or disapproval of
wite of thasigerdatla dfo waaite redidandy asiangl fadiumtiondetermined
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



of read signals within a plurality of servo sectors. 41 [Claim12] A data
st orage device according to claim 10, wherein said controller determ nes
t he approval or disapproval of wite of the user data to said nedi um by
using a fluctuation of the read signal for the data sector in a single
servo sector. [Claim13] A data storage device according to claim9, wherein
said controller determ nes the approval4r disapproval of wite of the user
data to said nmedium by using a maxi rum value and a m ni num val ue of the
read signal for the data sector in the servo sector. [Claim14] A data
storage device according to claim1l, wherein the plurality of servo
sect ors ar eamentienwouseseovwo asedtharts of [tCleaismrys] datdat a st orage devi ce
according to claim9, wherein said controller determ nes the approval or
di sapproval{cakimwmdilt e of the user data to said nmedium by using a head
position identified by the servo data, and a read signal for the data
sector in the saxelser voreerdordasitchafonfwiteingeusvor dadha fal aim 16] A
data storage device according to claim9, wherein
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
salid 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.



said controller determ nes the approval or disapproval of 42 wite of the
user data to said nediumby 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 head speed. [Claim17] A data
storage device according to claim9, wherein said controller determ nes the
approval or disapproval of wite of thg user data to said nedi um 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.
[Claim 12}
A data storage device according to claim 10, wherein
sald controller determines the approval or disapproval of
write of thevuser 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

sald controller determines the approval or disapproval of
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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
sald 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.



