1 *166166% Servo Information Wite Method, Servo Control Method, Data
St orage Device, and Program [Detail ed Description of the 1nhvention] [0001]

The present invention relates to a servo information Wm servo
control nethod, data storage device, and program for gwwmﬁwmﬁwm MLun1 and
nor e partlcularly to a servo informatjon self-wite net égrvo control
nmet hod, data storage device, and program [0002] [Prior Artf rd di sk

drives, which are widely used as a data storage device for conputers and
| i ke devices, include a magnetic head for reading user data stored on a

magnetic  di SefpoWhEbPliabHGh ﬁﬁieeméehadrmgae—bbcceh%k»olTﬁ%tﬁaanet'C head
IS nounted on an actuat ?fatéh%drsa\ﬁ%s%éx}laée ad_ﬁ%lpar qC]il\g_‘,l(‘vm ce coil notor).
or q a

When the magnetic head rea tes "user ctuator is driven
to nove the magnetic head to a specific track (target track) for

posi tioni ng purposes. Magnetic head positioning control is exercised in
accordance with servo information stored on a magnetic disk to nove the
magneti c head to a specified position. In line with recording density

| mpr ovenentpe a1k d Hederdptudh oF aasLdnvent8Rit years have begun to use
an

[0001]

The present invention relates to a servo
information write method, servo control method, data
storage devide, and program for a storage medium, and more
pérticularly to a servo information self-write method,

-.ser§o control method, data.storage device, and program.
[0002]
[Prior Art]

Hard disk drives, which are widely used as a data
storage device for computers and like devices, include a
magnetic head for reading user data stored on a magnetic
disk or writing user data onto a magnetic disk. The
magnetic head is mounted on an actuator that is oscillated
by a VCM (voice coil motor). When the magnetic head reads
or writes user data, the actuator is driven to move the
magnetic head to a specific track (target track) for
positioning purpoées. Magnetic head positioning control is
exercised in accordance with servo information stored on a
magnetic disk to move the magnetic head to a specified
position. In line with recording density improvement, hard

disk drives released in recent years have begun to use an

L
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LrEre r ek reere rrert 11111 1~ ~ *rnnnm 2. MR (nmagnet or esi sti ve)
head, GVR (gi ant magnetoresistive) head, or other nagnetoresistive device,
whi ch produces a magnetoresistive effect, as a read-only read head, and a
transducer induction head as a wite-only wite head. These two heads,.

whi ch constitute a conposite magnetic head, are nounted on the sane
support called a slider, but p03|t|oned2at a predetermnm ned di stance from
each other. The slider is nounted on the actuator. [0003] A plurality of
data tracks are concentrically formed on a hard disk or other magnetic

di sk. FurthRr (maggeterbsasksveWhhehast eme Kgﬁahtfhﬁ@hb@BrEBEQEE%%bon and
burst patterns beforehand, are forned in the radia direction of "a

magneti ¢ dheka, The @Eﬁé@”ﬁ8§h8589e§§5¥9ve'BEQEHEt'QﬂlgggPE?ﬁﬁé khg

identification information and burst patterns. The'i I cation

i nformati tihe bLepekraddregs,gfgd arLLAc he _
|dentlflc2??%ﬁgt§ﬁ%§$ﬁa%PonégcgéFre 5 5 r é rggg§hgé |§ea§édaP8 et er mi ne

the data tagksgacubl ehahbesss gegﬁagsoa 18- B5Y ;s (RORLLAONed. AS the

burst patterns, a plurality of burst rn r ows, fer in si gna

storage arfRepbaggo h@éﬁs?"Wh?&ﬁdcﬁﬂskgﬁhtgaﬁ'%%Ep%EQQ%lﬁ%g 49T Her, '€

are mounted on the same support called a slider, but
ﬁositioned at a prédetermined distance from each other.
The slidér is mounted on the actuator.

[0003]

A'plurality of data tracks are concentrically
formed on a hard disk or othér magnetic disk. Further,
servo tracks, which store identification information and
burst patterns beforehand, are formed in the radiai
direction of a magnetic disk. The aforementioned servo
information comprises the identification information and
burst patterns. The identification information indicates
the track address of a data track. The identification
information acquired by the read head islused to determine
the data track on which the read head or write head is
positioned. As the burst patterns, a plurality of burst
pattern rows, which differ in signal storage area.phase,
are employed so that various signal storage areas are
arranged at fixed spacing intervals and in the radial
direction of a magnetic disk. 1In accordance with a signal

(PES: position error signal) that is generated by the read



arranged at fixed spacing intervals and in the radial direction of a
magnetic disk. In accordance with a signal (PES: position error signal)
that is generated by the read 3 head depending on the burst patterns, the
deviation of the read head or wite head fromthe target data track can be
detected. [0004] The servo information is witten onto a magnetic disk in
a manufacturing process that is perforneg prior to hard disk drive

shi pment as a product. For an accurate read/wite of user data, the servo
i nformati on, which serves as the reference, needs to be accurately

witten. (osyeabpenaihy. of #Rdi pated gavieensal tre &Qv%gyxéﬁeéfoth%raCk

witer) was used to wite servo information onto a magnetic di sk he STW

writes Sery@adMheAdBbE Opr Bk Ondad TBOBR! the IbakqUhi GELEOBLLOK! L0M ?Qe feed
pitch (wite position in the radial direction"of a magnetic disk) of a

magneti c hﬁé@eé@éﬁﬁe head) for witing servo data at a track pitch

(di stance between the centers of adjacent tracks) and the timng with

whi ch servpob@%Prnation is to be witten (wite position in the
circunferential "direction of a nmagnetic disk). A known nethod for setting

the mgneti o headnse | sefypl 1 6hobiial fof1o] €1 gL ReeLho0RR5 o4 thanlbEb ' 0" Of
the magnetic head (wite hea %y pressing a g
" disk in a manufacturing process that is performed prior to

hard disk drive shipment as a product. For an accurate
read/write of user data, the servo information, which
serves as the reference, néeds to be accurately written.
Conventionally, a dedicated device called an STW (servo
track writer) was used to write servo information onto a
magnetic disk. The STW writes servo information onto a
magnetic disk while controlling the feed pitch (write
position in the radial direction of a magnetic disk) of a
magnetic head (write head) for writing servo data at a
track pitéh (distance between the centers of adjacent
tracks) and the timing with which servo information is to
‘be written (write position in the circumferential direction
of a magnetic disk). A known method for setting the
magnetic head's feed pitch is to determine thé absolute
position of the magnetic head (write head) by pressing a
push pin againét the actuator on which the magnetic head is

mounted. A known method for setting the servo data write

timing is to write clock data onto the outer area of the



push pin against the actuator on which the magnetic head is nounted. A
known nmethod for setting the servo data wite timngis to wite clock
data onto the outer area of the 4 magnetic disk by using a dedicated cl ock
head and use the witten clock data as the reference clock. [0005]

However, the use of the above nmethods makés it necessary to wite clock
data onto a nagnetic disk with the  clock head or press the push pin

[ h ns _t hat e hard diisk _drive needs to be
facover ed 1 ASHERLE gtk pIPAIIAGE 44 e Sabic Rand e arse HBcabove

net hods i r riction that the servo infornmation mmite nmust be
perfornean??E?ﬁgg g?égk bggﬁlaﬁn be Eederencec $hoChnces, the inventors of

t he resent ,j ntion proposed a nethod for performng a servo
inforgationisbpgimmite wi t hout using the aforenmentioned clock head or push

[ fer to Pateny, Docunent 1). This roposed method makes it possible
?gnwé{Seeservo inf%?ﬁ%Y?Bn.%BﬁtBsﬁ Réghbei abavek methoidge makelsedt r oom and

i t hout having to_uncopver the hard_ disk drive. [0006] [Patent Docunent 1]
?;pagese_Pa?%%?sfgfﬁ eﬂrﬁE? 96Bskgdata ppso7p magnetic disk with the

clock head or press the push pin against the actuator. It
means that the hard disk drive needs to be unco&ered for a
servo information write. Therefore, the use of the above
methods imposes a restriction that the servo information
write must be performed within a clean room.

Under these circumstances, the inventors of the
present invention proposed a method for performing é servo
information self-write without using_the aforementioned
clock head or push pin (refer to Patent Document 1). This
proposed method makes i1t possible to write servo
information onto a magnetic disk outside a clean room and
.without having to uncover fhe hard disk drive.

[0006]
[Patent Document 1]
Japanese Patent Laid Open No. 2002-8331

[0007]

For servo information write purposes, the self
servo write method disclosed by Patent Document 1 writes a

special servo pattern, which is called a propagation



For servo information wite purposes, the self servo wite nethod

di scl osed by Patent Docunent 1 wites a special servo pattern, which is
called a propagation 5 pattern, onto a data track in addition to servo
information, and reads such a propagatiog pattern to exercise servo
control. However, propagation-pattern-based servo control differs from
common servo control for a hard disk drive. Processing required for

pLOBGal | CTeREE LR BRE Shk SRR T AT RS RN,

disk drive_ag well as software. In general, it is necessary to connect an

I
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processor and software. [0008] A need exists to performa self servo wite
by using t%@"hEPdware included in a data storage device while no pattern
is stored in a disk-type storage medium Another need exists to enhance the
head positi oni ng c%ﬂ%?%?racEE?&%??tEﬁBDHPﬁﬁﬁfg'BPS?QeSﬁFEQeﬁPnFEQéntion
propose positioning a magnetic head and performng a self servo wite in
accor dance WtHeBSsEFB PANPRRNSGFYPt €ANbRCA EPEKatPREA diskagdEinfdi um

i nstead of a propagation pattern witten on
Processing required for propagation-pattern-based servo

control cannot be completed by using a hard disk controller
(HDC) and MPU (microprocessing unit) built in.a hard disk
drive as well as software. In general, it is necessary to
connect an STW that is dedicated to a self serfo write and
proﬁided with a powerful processor and software.

[0008]

A need e#ists to perform a self servo write by using
the hardware included in a data storage device while no
pattern is stored in a disk-type storage medium.

Another need exists to enhance the head positioning
control accuracy.

Embodiments of the present invention propose
positioning a magnetic head and performing a self servo write
in accordance with a servo pattern written on a disk-type

storage medium instead of a propagation pattern written on



6 a disk-type storage nedium Enbodi nents of the present invention also
propose enhanci ng the head positioning accuracy by naking corrections in
accordance with the propagation pattern. Mre specifically, the servo
information wite method of enbodi nents gf the present invention conprises
two steps. The first step positions an actuator on which a conposite head
containing a read head and a wite head is nounted while the actuator is
i n contact mﬁép a crash stop, and.causes the wite head to wite a servo
pattern and®a hFop %i%ﬁ?r4éﬁ UBht mgogdivrntg pef skhe dpiesrnt umvertsion
second step_,is performed, when the servg pattern witten on the disk- type
st or age ned?{ﬁﬁté%?3ﬁ§?M%qH?Q%é8§ Ggﬁ beagdePgel béoning tarcyragy fuadmakimg
order to positioqilhe wite head by neans _of servo control based on the

a

det ect ed seTVo Patteth Eh@CCOIFEBLhEIGR EReHREAPRFAEIAN IRALEFUTe a servo

pattern and a propagation Eattern onto the disk-type storage medi um
[0010] The first st¥preofPetittipaltyseth® FRFBPndnfermafiippewrdtRod vari es

the ampbunt of current flowto a drive notor for the actuator while the
actuat or i gnatodont abodiierts loé thagireseop. inkentien onapstiegs kS eEepde

St or age medTeSHET COFPOBbE CRECHBA 1 ORCOr ThemiFh e FERas: i Beabr dance
wth the deégﬁ{gfkfﬁgpggﬁégg"héﬁﬁtgﬁg'a write head is mounted while
the actuator is in contact with a crash stop, and causes
the write head to write a servo pattern and a propagation
péttern onto a disk-type storage medium. The second step
" is performed, when the servo pattern written on the disk-
type storage medium by the write head can be detected by
the read head, in order to position the write ﬁead by means
of servo control based on the detected servo pattern and
cause the write head to further write a servo pattern and a
propagation pattern onto the disk-type storage medium.
[0010] |
The first step for the above servo information
write method varies the amount of current flow to a drive
.motor for the actuétor while fhe_actuator is in contact
with the crash stop. The second step causes the read head
to detect the propagation pattern written on the disk-type
storage medium and corrects the position of the write head

in accordance with the detected propagation pattern.

[0011]



[0011] 7 The above servo information wite nethod further conprises the
step of determning a feed pitch for witing a trigger pattern onto the

di sk-type storage nmedium The servo information wite nmethod further
conprises the step of determning a wite tine interval between the

i nstant at which the read head detects the trigger pattern witten on the
di sk-type storage nedium and the instant at which the wite head wites

t he next trigger pa&hgrgbgggoséggoghﬁ%ba%%ng%t%?$§%%q&%dﬁgi€y¥aﬁMite tinme

i nterval determ nation "step u reéad/wite o tHeXdi st ance
the time di FPEPEREE pE RSP Pogar (SRTRBARS i Bacth PUndh SRqayne
ot or mat | onow ELGORE RBY B PelBa, HR S1K NES [FHEEAde MAGH-on THA  es
head cont ai AFAGOALAEAITAEAANAHIL T PPt SHa LR SOBBEISn ABAmateBn wr i t e
attorn. o B&r D5t BAPLBARE Akt thr SIEGALGATAL Det g thendigaRt gie

' f [ h d head, th ervo
;;?;Z?ﬁ af?#ﬁghhgggphggaagEgpgpggggg%gl@gé %%ig%e% %%%ter%awritt%n$onv

the disk-type storage medium and the instant at which the
write head writes the next trigger pattern onto the disk-
type storage medium. The write time intgrval determination
step uses a read/write offset which is the distance between
the read head and write head, and causes the read head to
detect the time difference between trigger patterns written
onto radially adjacent tracks of the disk-type storage
medium.

[0012]

The servo information write method of embodiments of the

present invention writes servo information onto a disk-type storage
medium by using a composite head confaining a read head and
a write head. This servo information write method

comprises the step of writing( by the write head, a trigger
pattern, a servo pattern, and a propagation pattern onto

fhe disk-type storage medium, and the step of detecting, by
‘the read head, the servo pattern written on the disk-type

storage medium and positioning the write head at the next



storage nedi um and positioning the wite head at the next 8 wite position
I n accordance with the detected servo pattern. This servo information
wite nethod further conprises the step of detecting, by the read head,
the propagation.pattern witten on the disk-type storage nmedium and
correcting the position of the wite head®in accordance with the detected
propagation pattern. The trigger pattern and servo pattern are to be
witten into position informatiqgn storage area of the disk-type storage
medi um  andTERE BRSPAGARi AR BACOSAATEE s the thel (&S Tteh SETHR & st or age
area of the disk-type storage nedium [0013] Further, enbodi nents of the
present invBALtERT propose adjusting the servo information wite position
and wite timng béhusing a trigger pattern witten on a disk- type

storage nmedi um Mor dRdSeEPEVOatMyOTPRE 198 ¥Eiitsr Befhcidof uhted net hod of
enbodi ments of the present invention wites servo information onto a
di sk-type sCOPRFASAEdHM BfelsPhgdgtectingi -t bYndhe reds: Hedidng ther ead head
and a wite head. This servo information wite nmethod conprises the step
of writing, PEPPagpéigpn patheza wxitteggeon gdia dsloriypre heterage tygdium,
storage nedium and the steg of deterninin% awite tine
and correcting the position of the write head in accordance
with the detected propagation pattern. The trigger pattern
and servo pattern are to be written into a position
information storage area of the disk-type storage medium,
and the propagation pattern is to be written into a data
storage area of the disk-type storage medium.
[0013]
Further, embodiments of the present invention
propose adjusting the servo information write position and
write timing by using a trigger pattern written on a disk-
type storage medium.

More specifically, the servo information write
method of embodiments of the present invention writes servo .
information onto a disk-type storage medium by using a gcmposite head
containing a read head and a write head; This servo
Information write method comprises the step of writing, by
the write head, a trigger pattern onto the disk-type
storage medium, and the step of determining a write time
interval between the instant at which the read head detects

the trigger pattérn written on the disk-type storage medium



interval between the instant at which the read head detects the trigger
pattern witten on the disk-type storage nedium9 and the instant at which
the wite head wites the next trigger pattern onto the disk-type storage
medium The wite tine interval deternin%}ion step for the above servo
information wite nethod uses a read/wite offset between the read head
and wite head. Further, the wite tinme interval determ nation step causes

t he read head o detect the ti di fference between i atterns
?ﬁitten ont%n?aﬁPﬁl+§S§ﬁTéc%ﬁtw$f5Ek h%fwfﬁgedﬁgﬂ-tVBiEeg?gﬁsgge di um
00141 Enbodi nents of the preseni inyention als ropose_.controlling the
posi tions oFréggéﬁdpﬂEEEr%nQHEQmf??egﬁﬁﬁagﬂP?hsg?ﬁég 284148 ur acy bg
establishing the correlation between a si.tion error sigpal, whi is
obt ai ned by readi ngThesgribe BbT?e%ﬁFeﬁﬁgfth%kﬁﬁgf??gﬁgnogQFHefPEagnﬁead
and wite head. More specifically, the servo control nethod of  enbodi nents
of the pres@RPVEnFRRYP ohnhoEPefbiR BribfpBeFpednks8s 2oReafAAVRYtE read head,
and a wite head at a specified positiogn on a, disk-type storage nedi um
This servo e6fsebl bakveen EhepFeadshedd §F@p§?1?ﬁeh?ﬁast EVEpheRusERet he

read head to detect a.servoéfattern witten on the disk-tgpe st or age
nmedi um TheWEbtenhine epntorvattdebeppinetipnefEep Spypgs the read head

to detect the time difference between trigger patterns
written onto radially adjacent tracks of the disk-type
storage medium.
[0014]

Embodiménts of the present invention also propose
controlling the positions of a read head and a write head with

increased accuracy by establishing the correlation between a

position error signal, which is obtained by reading a servo
pattern, and the positions of the read head and write head.
More specifically, the servo control method of
embodiments of the present invention positions a composite head
containing a read head and a write head at a specified position
on a disk-type storage medium. This servo control method
comprises tw§ steps. The first step causes the read head
to detect a servo pattern written on the disk-type storage
medium. The second step converts a position error signal
of the detected servo pattern into a physical position on

~ the disk-type storage medium.



of the detected servo pattern into a physical position on the disk-type
storage nedium 10 The second step for the above servo control nethod uses
a read/wite offset which is the distance between the read head and the
wite head. Further, this second step causes the wite head to wite a
measurenent pattern at a position ot her ¥Phan the position for the servo
pattern on the disk-type storage medi um causes the read head to detect a

profile of the measyyenent rn en on the disk-t t or

nmedi um and Ilnear|§é§ Fﬁgog EFBngﬁFp hﬁe?&ggﬁ FﬁEVBonggﬁﬂieWFggogignal
and the read head position in accordance with the detected neasurenent
pattern. [O0BESF Fhtead{¥riferghtsat,voichs ianbbai Aiatanee batwppasEhe

i nvention conprises _two _servo first neans. _The first servo wite neans
positi ons akeadt hgdr and ﬁh?cﬂrét%ohﬁégrteFﬂéﬁﬁercoﬁP&FnPﬁﬁoadréﬁephead and
awite head is nmounted while the actuator is in contact with a crash
stop, and c@@4¥ess the vrite head te Wrife a mepgurpmentr Rahkara Atopagati on
pattern onto a di sk-type storage nedium The second servo wite nmeans
positions, RAshtipa §é£9€ phebethewppsibhomnforhthei sRrvgppatteragenmedi um

by the wite head can be detected by the read head, the wite head by
nmeans of seihg disk-type storage medium, causes the read head to

detect a profile of the measurement pattern written on the
disk-type storage medium, and linearizes the relationship
between the position error signal and the read head
position in accordance with the detected measurement
pattern.

[0015]

The data storage device of embodiments of the. present
invention comprises two servo first means. The first servé write
means positions ah actuatdr on which a composite head
containing a read head and a write head is mounted while
the actuator is in contact with a crash stop, and causes
the write head to write a servo pattern and a propagation
pattern onto a disk-type storage medium. The second servo
write means positions, when the servo pattern written on
the disk-type storage medium by the write head can.be
detected by the read head, the write head by means of servo
control based on the detected servo pattern and causes the
write head to further write a servo pattern and a

propagation pattern onto the disk-type storage medium.



control based on the detected servo pattern and causes the wite head to
further wite a servo pattern and a propagation pattern onto the disk-type
storage nedium 11 This data storage device further conprises a correction
means. Wiile the second servo wite neangiis witing a servo pattern and a’
propagation pattern, the correction nmeans causes the read head to detect
the propagation pattern witten on the di sk-type storage nedium and

corrects the positi f i e kn.a ance w. t.h the detected

pr opagati on pgttern&ﬂﬁgof%?%Tﬁgoéggg ??g?§36%§§§ﬁgg SPmQE%ggﬁngnts of the
resent iny i al so _caonpri a ite nmeans for causging the wiite head

Po wite a F?%%&%&iﬁgtngHggnt Zlﬁi£§?t§88°§ oP&&gongaﬁﬁﬁ?megﬁﬁ as

determ natiogn.neans for determning awite tine .interval between the
instant at WHACHEhE FERYChRAL t8&R NS atﬁE°PP96§éP“pBF¥§Fﬁ“Mﬁi en on the

di sk-type storage. nqedium_ and the instant gt which the wite head wites

t he next tFP§§gth§Pt@FﬁP8nFBUFﬁ§ 5?§k?99 ePeadr £8e9REECEMPPhe

deternination-nean% of the above data storage _device. uses a read/wite

of f set bet wBERPAHE F83dpﬁé&&rgnarlﬁFFPeoﬁe§8? ghrkrtyPet RtoTagee FEAANM on

means causes the read head to tect the tinme difference between trigger
patterns mﬁPPFeHOEFFSQFagﬁ&IP?Sigﬂaeeﬂf thecktite hgadgilgkaccordance

with the detected propagation pattern.
[0016] |

The data storage device of embodiments of the present
invention also comprises a write means for causing the write
head to write a trigger pattern onto a disk-type storage medium,

" and a determination means for determining a write time
interval between the instant at which thé read head detects
the trigger pattern written on the disk-type storage medium
and the instant at which fhe.write head writes the next
trigger pattern onto the disk-type storage medium.

The determination means of the above data storage
device uses a read/write offset between the read head and
write head. Furthér, this determination-means causes the
read head to detect the time difference between trigger
patterns written onto radially adjacent tracks of the disk-
type storage medium. |
[0017]

Further, the data storage device of embodiments of the

present invention. comprises a disk-type storage medium which is



type storage nedium [0017] Further, the data storage device of enbodi nents
of the present invention conprises a disk-type storage nediumwhich is 12
positioned in a revol vabl e nanner and provided with a surface storing a
servo pattern, a read head which is positioned so as to be capabl e of
readi ng the servo pattern, a converter f6r converting a position error
signal of the servo pattern read by the read head into a physical position

on the disk-type, storage nedi u a controller for_.cqgntrolling the
o5t 11 on of DPHLELERRANERA T HeHELuARLR cRsRnPE panfereaRbafd Shehetyl
produced by the converter. The above data storage_device further conprises
a wite heBdrfprensterppgi @i 8pEHC aPahtpFRdeR eFARAchealsYRAER 18rom the
read head and used to wite data onto the disk- type storage nmedium The
wite head RPSbtipRedssphasstPvBe FaPablR. ofh&epdddondde SeTismatdern.
magnet oresi stive device, whereas the wite head consists of a transducer

i nducti on devFerverbersforueeneerbing anbedikipaRserorhgignalieff theention

provi de a programthat inplenents the functions for performn vari ous
st eps of theekyeskatteryeheadnbyethei beadahbedd. 1pb019) Physica

position on the disk-type storage medium, and a controller
for controlling the position of the read head in accordance
with the conversion result produced by the converter.

The above data storage device further comprises a
write head which is positioned at a predetermined distance
froﬁ the réad head and used to write data onto the disk-
type storage medium. The write héad also writes the servo
pattern. The read head consists of a magnetoresiétive
device, whereas the write head consists of a transducer
induction device.

[0018]

Furthermore, embo&iments of the present invention
provide a program that implements the functions for performing
various steps of the present invention described above.
[0019]

[Mode for Carrying out the Invenfion]

The embodiments of the present invéntion will now

be described in detail with reference to the accompanying

drawings.



[ Mode for Carrying out the Invention] The enbodi nents of the present
invention will now be described in detail with reference to the
acconpanying drawings. 13 FIG 1 is a block diagramthat illustrates
maj.or conmponents of a hard disk drive 1. FIG 2 is a top view that

il lustrates the maj or conponents of the hard disk drive 1. The hard disk
drive 1 includes a magnetic disk 2, a gpindle notor 3, a magnetic head 4,
an actuator 5, a VCM (voice coil notor) 6, a VCMdriver 7, a DAC
(digital/analog converter) 8, a crash stop 9, a preanplifier 10, a

read/write channel rig. anibPh HIbEkOAIQ§LEMI BHabNL i) udlradls WRGoLhard disk
controller) 13, a ROM (read-only nenory) 14, and a RAM (random access

menory) 15compenkhteoBreat Rdrdi diskhardbe 13 tp14, CQ”PEtSrtQ l;' gﬁ devi ce,
which is not shown. Aithough one or nore units of the nagne Isk 2 are

instal | ed @ﬁa@eiﬂgqstEhgbsltﬁQOMQ j8¢ ééﬁPBhéntE Yei ¢ ﬂ- h¥a aﬂsﬁun't of the
magnetic disk 2 is installed. 0 WhiTe the hard drive

operating, gt-hge ﬁagn@ﬁbchgkakdgsk“ﬁffbe'§ Fﬁ@fu&ésa dhﬁéné¥98n§§9ﬁa§e

medium is driven to rotate around a spindle axis o e nofor 3.

When the hargpghaiedﬁb¥8rl3'Sanﬂégnggféaﬁégg 4thgnngggggfgrdsskaZVEQOps

rotating (cones to a
(voice coil motor) 6, a VCM driver 7, a DAC (digital/analog

converter) 8, a crash stop 9, a preamplifier 10, a
read/write channel 11, an MPU'(microprocessing unit) 12, an
2HDC (hard disk controller) 13, a ROM (read-only memory) 14,
and a RAM (random acceés memory) 15, and'is connected via
the HDC 13 to a computer or like device, which ié'not shown.
Although one or more units of the magnetic disk 2 are
installed as needed,'FIG. 1 shows an example in which oﬁly
one unit of the magnetic disk 2.is installed.
[0020]

While the hard disk drive 1 is operating, the
magnetic disk 2, which is used as a disk-type storage
medium, is driven to rotate around a spindle axis of the
spindle motor 3. When the hard disk drive 1 is not
operating, the magnetic disk 2 stops rotating (comes to a
standstill). A plurality of tracks 20 are concentrically
formed on a surface of the magnetic disk 2. Further, a
plurality of position infbrmation.storage areas 21 are
radially formed in the radial direction of the magnetic

disk 2, Data storage areas 22 are formed in the remaining



standstill). A plurality of tracks 20 are concentrically forned on a
surface of the magnetic disk 2. Further, a plurality of position
informati on. storage areas 21 are radially formed in the radial direction
of the magnetic disk 2. Data storage areas 22 are forned in the renaining
14 regions. The position information storage areas 21 store servo

I nformation and other itens of informatién. Only three tracks 20 are shown
in FIG 2. In reality, however, nany tracks 20 are forned in the radi al
direction of the magnetic disk 2. Further, FIG 2 shows three position

i nf or mat i oregfiondge aheapodlitdos LREodaat i®9h06RGE adleCaTedd 2 1WMItDFAT €
positioned between the position information storage areas. In reality,

however, - M0 Siniflotha tiknO iRl o@hedt QRage dfeanfdimaid onat aonligr age areas
22 are forned in the radial direction of the nagnetic disk 2. The

posi tion i AfhegEnitrarkkst Q02aeeastdwn2inardcdaba Shar 2ga1idkeasoraviid,! be
"described later in detail. [0021] The magnetic head 4 is nounted at the end

of the achadyorradks SMChrd FoRRRE thakhkt rh8iRNOREHE:tASSI biF0ReE
relative to the front and back surfaces of the magnetic disk 2. In the

present enppdndil dildg Lr.onpudtfleRackicsubf angwsOknide pRgARLbe di sk 2
serve as the storage surfaces. 'The magnetic head 4 is a conposite head,
whi ch information storage'areas 21 and_the data storage areas 22,
which are positioned between the position information
storage areas. In reality, however, many position
information storage areas 21 and data storage areas 22 are
formed in the radial direction of the magnetic disk 2. The
position information storage areas 21 and data storage
areas 22 will beldescribed later in detailﬁ
[0021]

The magnetic head 4 is mounted at the end of the
actuator 5 in such a manner that it is properly positioned
relative to the front and back surfaces of the magnetic
disk 2. In the present embodiment, the front and back
surfaces of the magnetic disk 2 serve as the storage
surfaces. 'The magnetic head 4 is a composite head, which
contains a write head W for writing data onto the magnetic
disk 2 and a read head R for reading-data from the magnetic
disk 2. The read head R also reads the servo information
stored on the magnetic disk 2. The write head W also

writes the servo information onto the magnetic disk 2 as

described later. The write head W has a write head width



contains a wite head Wfor witing data onto the magnetic disk 2 and a
read head R for reading data fromthe magnetic disk 2. The read head R

al so reads the servo information stored on the magnetic disk 2. The wite
head Walso wites the servo information onto the magnetic disk 2 as
described later. The wite head Whas a wite head wdth 15 WV The read
head R is positioned closer to the centgg of the magnetic disk 2 than the
wite head W The read head w dth WR of the read head R is narrower than
"the wite head width WN More specifically, the read head R and the wite

head W ar eygosi irh@Nedadt nBal RASLepBLRCoAEA! BRGEEE! OB RAGNGERERE oeThe

di stance between the w dthw se cen read head R e mﬁdthwﬁse
e sch) B HERAECEERHLINT 3 ChESCAECLLS,8onblE HEChtE! HEGR' (D on <
b, 55 LouHSh e SECcHhondan AR 80t paRABRLET ERLR D) e PERk gL
my be uocd penr it BPES BRRUTEAGATY:  PherkPRo MEREGRTOBY: therrpEi T on
o o oA hob e ool p S8R s AT R Erop e 2,
position i gtLpati fReShPLEgScebERRsn Phe WEatBINSL CelbK 8r the

read head R and the widthwise center of the write head W is

referred to as the read/write offset (RWoffset). in the

present embodiment, a transducer induction type head is

used as the write head W aﬁd a GMR (giant magnetoresistiye)

head is used as the read head R. As the read head R, an MR

(magnetoresistive) head, a TMR (tunneling magnetoresistive)

head, or other magnetoresistive device may be used instead

of a GMR head. 1In the hard disk drive 1, the position of:

the read head R or the write head W can be determined when

the read head R of the magnetic head 4 reads the servo

information stored in the position information storage

areas 21 of the magnetic disk 2.

[0022]

The magnetic head 4 and the actuator 5 move, as an

assembly, in the radial direction of the magnetic disk 2.

The crash stop 9, which is mounted on a lateral surface of

the actuator 5, limits thé move of the actuator 5 toward

the center of the magnetic disk 2, thereby preventing the:

magnetic head 4 from colliding with a spindle or other



[0022] The nagnetic head 4 and the actuator 5 nobve, as an assenbly, in the
radial direction of the nagnetic disk 2. The crash stop 9, which is
mounted on a lateral surface of the actuator 5, limts the nove of the
actuator 5 toward the center of the magnetic disk 2, thereby preventing
the magnetic head 4 fromcolliding wwth a spindle or other 16 conponent.
The crash stop 9 consists, for instanceisof a netal bar to which an

el astic rubber coat is applied. Further, a ranp (not shown) is positioned
outside the nmagnetic disk 2. Wile the nmagnetic head 4 is not driven,

this ranp cempsednto pFaket ceashhetapt batonsisaway fbroimkkancengeet ke di sk
2. [0023] The actuator 5 is driven by the VCM 6. It can therefore be said

that the VbtG&ldbavesot hhighgaat etabead #ubbéhecyel §scappnisas a _
coi | -based nover and a pernmanent - nagnet-based stator. en the VCM dri ver

7 supplieSFartnéedebetﬁhpe@nauréﬁBWnDOibhEOQQEhoﬁEQFGhﬂﬁihérth@ferr3d to,
I f necessary, as the VCM current Ivcn), the nover is driven to nove or

stop the naggakikéchaadk42. Wivah1ks tABUALEH®Rct HBaBChUREOHOD, aRYSEnt Ne
magnetic disk 2. [0024] The read/wite channel 11 perforns a data
read/data this ramp is used to position the actuator 5 away from the
mégnetic disk 2.
[0023]
The actuator 5 is driven by the VCM 6. .It can
therefore be said that the VCM 6 drives the magnetic head 4.
The VCM 6 comprises a coil-based mover and a permanent-
magnet-based statqr. When the VCM driver 7 supplies a
predetermined current to the coil (hereinafter referred to,
if necessary, as the VCM current Ivcm), the mover is driven
to move or stop the magnetic head 4, which is mounted on
the actuator 5, over the magnetic-disk 2.
[0024]
The read/write channel 11 performs a data read/data
write process. More specifically, the read/write channel
11 receives write data that is transferred from a computer
(npt shown) via the HDC 13, converts the received write
data to a write_signél (current), and supplies the write
signal to the write head W of the magnetic head 4. 1In
accordance with the write current, the write head W writes

fhe data onto the magnetic disk 2. Meanwhile, the read

signal read from the magnetic disk 2 by the read head R of



wite process. Mre specifically, the read/wite channel 11 receives wite
data that is transferred froma conputer (not shown) via the HDC

13, .converts the received wite data to a wite signal (current), and
supplies the wite signal to the wite head Wof the nmagnetic head 4. In
accordance with the wite current, the wite head Wwites the data onto
the magnetic disk 2. Meanwhile, the read7 signal read fromthe magnetic
disk 2 by the read head R of 17 the magnetic head 4 is anplified by the
preanplifier 10, converted to digital data by the read/wite channel 11,

and  out putthie0 nalyg e@AEP Hetd (@NGls FMPINFivae tiyh@ HdDprbamphigied gid,al data

contains the servo information. The read/wite channel 11 incorporates a

hi gh- pr eci Hoavediteak tol ba.giWaiichiadan bhe theeeoadl /A iivee rcha[n%af’h 1ThedPC 13
is capable of interfacing with the hard. disk drive 1. Thanks to its

| nt er faci ngutpe! ivon trish@oiBareld (1RACEKRRY Wil dBetpnthitah | gyl ansferr ed
fromthe conmputer (not shown), and transfers the received wite data to

the read/ wgiilyg tahaaa®a tbntiResHPhel3e2h80 10205 éﬁionrea% data (user data
information), which is transferred fromthe read/wite ¢ annel 11, and

transfers thadqyeetivéeenangad qatanbgrbg§aQQ§thﬁﬁ Sn e%%%ﬁ%% cl%rkher

upon receipt of a directive command Or other ins t|o
11la, whlch can be used as a timer.

[6025]
The HDC 13 is capable of interfacing with the hard .
disk drive 1. Thanks to its interfacing function, the HDC
- 13 receives write data, which is transferred from the
computer (not shown), and transfers the received write data
to the read/write channel 11. The HDC 13 also receives
read data (user data information), which is transferred
from the read/write channel 11, and transfers the received
read data to the computer (not shown). Further, upon
receipt of a directive command or other instruction from
the computer (not shown), the HDC 13 transfers read data
(servo information) to the MPU 12.
[0026]

The MPU 12 provides control over the hard disk
drive 1. Being capable of functioning as a servo
controller, the MPU 12 exercises motion control over the
magnetic head 4. The MPU 12 interprets and executes a
program stored in the ROM 14. The MPU 12 determines the

position of the magnetic head 4 in accordance with the



the conputer (not shown), the HDC 13 transfers read data (servo

I nformation) to the MPU 12. [0026] The MPU 12 provides control over the
hard disk drive 1. Being capable of functioning as a servo controller,
the MPU 12 exercises notion control over the magnetic head 4. The MPU 12
Interprets and executes a programstored in the ROM 14. The MPU 12

determ nes the position of the nagnetic8head 4 in accordance with the 18
servo information transferred fromthe read/ wite channel 11, and outputs
a speed control value for the magnetic head 4 to the DAC 8 in accordance
with the deerabi bnfofmabtonderanstaetdefosromothef réhd/wagbet chahrall 4 from
the target "position. The speed control value, which is handled as a

nmoti on i nsiiycah@notbputseanapsedi coherdldvalse ofbputheanignéti® hbadservo
information is read by the read head R of the magnetic head 4. The DAC 8

recei ves thetsperd DAOtBOinvatuéradhitehwith ohépaéviaddohherrend head R of
the magnetic head 4, converts the speed control value to an anal og signal

(vol t age s@@btérmined@dposipubs bhetRBahagnetUBahes@ LherMeMndrtagge¥. The
VCM driver 7 receives the voltage signal from the DAC 8, converts the
vol tage sigoaitiénad Orh¥espuédedbntrol value, which is handled as a
motion instruction for the magnetic head 4, is output each
" time the servo information is read by the read head R of
the magnetic head 4.
The DAC 8 receives the speed control value, which
is output ffom the read head R of the magnetic head 4,
converts the speed control value to an analog signal
(voltage signal), and outputs the analog signal to the VCM
driver 7.
The VCM driver 7 receives the voltage signal from
the DAC 8, converts the voltage signal to aldrive current,
and supplies the drive current to the VCM 6.
[0027]
FIG. 3 is an enlarged view of a position
infofmation storége area 21 and a data storage area 22,
which are fbrmed on a surface of the magnetic disk 2. The
aforementioned tracks 20 are formed concentrically formed
in the radial direction of the magnetic disk 2. These
tracks run through the position information storage areas

21 and the data storage areas 22. FIG. 3 merely shows

certain tracks 20A-20E instead of all the tracks 20. As



and supplies the drive current to the VCM 6. (0027] FIG 3 is an enl arged
view of a position information storage area 21 and a data storage area 22,
which are forned on a surface of the nagnetic disk 2. The aforenentioned
tracks 20 are forned concentrically forned in the radial direction of the
magnetic disk 2. These tracks run through t'he position information storage
areas 21 and the data storage areas 2219FIG 3 nerely shows certain
tracks 20A-20E instead of all the tracks 20. As 19 regards tracks 20A and
20E, however, only their halves are shown. [0028] Wthin a position

I nf or mat i omegardagéracks 20A andt 20O§gehopateer, noalyr &heiar halves amd a
product servo storage area PSA are formed in the circunferentia

di rection ehowhe magnetic disk 2. The trigger pattern storage area TPA
stores a trigger pattern, which is used to create an accurate tine signa
for adjustiog2she signal phases of tracks during a self servo wite
described later. This area stores a cycle pattern called a "sync" pattern
and a fixed sync nwikhinwhi pbsiitibat infpemnatdoa sitoRrabe ZBeaspn¢ mgark is

capable of deciding the timng within the trigger pattern. From
trigger pattern storage area TPA and a product servo
storage area PSA are formed in the circumferential
direction of the magnetic disk 2.

The trigger pattern storage area TPA stores a
trigger pattern, which is used to create an accurate_time
signal for adjusting the signal phases of tracks during a
self servo write described later. This area stores a cycle
pattern called a "sync" pattern and a fixed sync mark,
whidh is not a periédic.signal. The sync mark is capable
of deciding the timing within the trigger pattern. From
upstream tb downstream in the circumferential direction of
the magnetic_disk 2, the areas formed within the product
servo storage area PSA are a first unoqcupied area Gl, a
servo mark storage area SM, a track identification
informétion (servo address) storage area SA, a burst
pattern storage area BP, and a second unoccupied area G2.
[0029]

The servo mark storage area SM, which is within the
product servo storage area PSA, stores a servo mark that

indicates the beginning of a servo signal write area. The

identification information storage area SA stores



upstreamto downstreamin the circunferential direction of the magnetic
disk 2, the areas fornmed within the product servo storage area PSA are a
first unoccupied area GlL, a servo mark storage area SM a track
identification information (servo address) storage area SA, a burst
pattern storage area BP, and a second unoccupied area &. [0029] The servo
mark storage area SM which is within the product servo storage area PSA,
stores a servo mark that indicates the beginning of a servo signal wite
area. The identification i nformation storage area SA stores 20

o haoRd PLOAPROA Ot B tPER PnfENEQTE GEXG) LaePLOREY1E000) 1O

indicate t e ad ress atr f%:age area
mgnet | ﬁsh‘Z% tC%Lﬁ%é&nl?%‘f{a%% é?gfﬁgd%gést °%;%l€$ﬁ3€2%é$s%§c5?rf
' anged. s BEHE Db etbh TReGR008 183 BB S EORET °8: PRER Rt R cice, anc
degrees. OJ?*“%?' %2@%%6 oF BEREOERE ooBErat "ohy Ff P AsReC Bt foo are
50 degr ety %v?ﬁp BaEG  HR% RtAEpathet o8 {RER 2B Eehr oa 6L and
_the Secom%urst pattern rows A-D, which contain signal storage areas
(shaded areas) arranged at fixed spacing intervals in the
radial direction of tracks, and differ in signal storage
area phase. Burst pattern rows A and B are 180 degrees out
of phase with each other. Burst pattern rows C and D too
are 180 degrees out of phase with each other. Burst
pattern rows B and C are 90 degrees out of phase with each
other. The first unoccupied area Gl and the second
unoccupied area G2 are furnished as extra areas to provide
a margin for a trigger pattern/burst pattern write.
[0030]

For the hard disk drive 1 accordinglto the present
embodiment, servo information is written onto the magnetic
disk 2 by a self servo write method when all components are
completely assembled into the hard disk drive 1 during its
manufacturing process. The program for such a self servo
write is recorded beforehand in the ROM 14 or transferred
frem an external device (not shown) and stored in the RAM
15.l

[0031]



unoccupi ed area & are furnished as extra areas to provide a margin for a
trigger pattern/burst pattern wite. [0030] For the hard disk drive 1
according to the present enbodinent, servo infornmation is witten onto the
magnetic disk 2 by a self servo wite nethod when all conponents are

conpl etely assenmbled into the hard disk drive 1 during its manufacturing
process. The program for such a self serado0 wite is recorded beforehand in
the ROM 14 or transferred from an external device (not shown) and stored
in the RAM 15. [0031] 21 FIG 4 is a flowhart illustrating a self servo

write process thatF&g.pqr&grgp@lg%g&ggghiﬁqu%kﬁgtgﬁév% Leigceauding to the

present enbodi nent. In the hard rive preséent —eibodi nment ,

the read/ witi@e0bigekssRMAGISS %%?%o@h@ﬁ %&h%ﬁgskglﬁgaﬁggﬂd%ﬁier ad head R

and the wite head W Therefore, ere 1s area | ead head

R cannot rﬁegokagngeEgotbeBE@@EBQnehﬁ%hikgntwﬁi&%gﬁﬁgyp%ggcagéke head W at

an initial stage of a se Servo wite. such t he nmet hod

for WitiggipewiseeynbnbaraRhioBnlohRtL " eadkng LG, 2610, dentor mati on

witten on the nagnetic d i's “coor di natéd witing
new servo hﬂB@EH&E'?Qe&hk&E. 2) exists between the read head R and

the write head W. Therefore, there is an area in which the
read head R cannot read the servo information that is
Qritten by the write head W at an initial stage of a self
servo wrife. As such being the case, the method for
writing new servo information without reading the servo
information written on the magnetic disk 2 is coordinated
with the method for writing new servo information while
reading the servo_information written on the magnetic disk
2_for the purpose of performiﬁg a self servo write.

[0032]

Firsf, the track pitch for the servo information to
be written into a position information stage area 21 of the
magnetic disk 2 is determined (step S101). Next, the write .
time difference between trigger patterns to be written into
a-trigger pattern storage area TPA within the position
information storage area 21 of the magnetic disk 2 is
determined (step S102). Subsequently, a trigger pattern, a
servo pattern, énd a propagation pattern are written iﬁto a
track of the magnetic disk 2 in accordance with the control

of the VCM current flow the VCM 6 (step S103). The servo



reading the servo information witten on the magnetic disk 2 for the

pur pose of performng a self servo wite. [0032] First, the track pitch for
the servo information to be witten intoa position information stage area
21 of the magnetic disk 2 is determned (step S101). Next, the wite tine
di fference between trigger patterns to be witten into a trigger pattern
storage area TPA within the position infaarmati on storage area 21 of the
magnetic disk 2 is determned (step S102). Subsequently, a trigger

pattern, a servo pattern, and a propagation pattern are witten into a

track of tﬁat%agﬂeaha ﬁré§aaatmoa%aeqaﬂﬁewmhb&haegeeabeh éef;eihanC!V'

current flow the VCM The servo 22 pattern and propagation
pattern wi hhthe1 Qescrlbed Iater in detail. Step S104 is performed to check
whet her servo control can be exercised using the witten servo pattern.

|T servo control capg t596435??éé?ngHEtSOBLEBk Ivh@éhe&eé%{}?tto step

S103, thereby continufng to attern, servo pattern, and

prOpagat'Oeoﬂﬁgéghgcurren%ﬁ%réiseanugmﬁgoﬁﬁgrwpﬁgq nsgéﬁgocgg££gkncan be

exerci sed VEM IS con ed so t ervo pattern

'_wwitten on EhEeEBQ“SBhErQiSKaEnbﬁ Bgagxg¥ciggd, the control flow

returns to step S103, thereby continuing to Write a trigger
" pattern, servo pattern, and propagation pattern.
.[0033]

If, on the other hand, servo control can be
exercised, the VCM current Ivcm is controlled so that the
servo pattern written on the magnetic disk 2 is read by the
read head R in the aforementioned sequence. The trigger
éattern, servo pattern, and propagation pattern are then
written onto the magnetic disk 2 in accordance with the
servo control operation that is performed to position the
magnetic head (write head W) in accordance with the read
servo pattern (step S105). 1In such an instance, the read
head R reads the propagation pattern written on the
magnefic disk 2 to correct the position of the magnetic
head 4 (write head W). Next, step S106 is performed'to
check whether the number of tracks for which a write is
completed is equal to an integer multiple of a
predetermined integer Ncal plus Noffs.

[0034]



read head R in the aforenentioned sequence. The trigger pattern, servo
pattern, and propagation pattern are then witten onto the magnetic disk 2
in accordance with the servo control operation that is perfornmed to
position the nagnetic head (wite head W in accordance with the read
servo pattern (step S105). In such an instance, the read head R reads the
propagation pattern witten on the naggetic disk 2 to correct the position
of the magnetic head 4 (wite head W. Next, step S106 is perforned to
check whet her the nunmber of tracks for which a wite is conpleted is equa

to an integer nmultipl enaf aBovBl RARDEETbRCErhBkEISE Nod! oLYS NBfLF- [0034]
23 If the above nunber of tracks is not equal to an intéger nultiple of

the predet ¢hpibped inlig9pieNod! tRbUprebotbimiAbAP 1724 SR QIR tO check
f |

whether a trigger pattern/servo pattern/propagation pattern eis

completed figesa, PLedp! 85 6yNed pUFREENGh tbAEKEcK! lnBifillrds YEihGeLS NO!

conpl eted, the contro low returns to step 5, thereby contrnuing to

P Ot e Rak8aghypakbs’ BaRPLYR pRBbRELREHORAIRLANLBRELETD W1 S 1T O

t he ot her e wite1s a series of “processing steps

comes 10 agofigdetbh gbbe npgggétggmga@akﬁuaearw@kc@rackgﬁitffiéusﬁng'eted

a
Is equal to a nt eger nul _
' write is not completed, the control flow returns to step

SiOS, thereby continuing to perform a trigger pattern/servo
pattern/propagation pattern write. 1If, on the other hand,
.thé above write is completed, a series of processing steps
comes to an end. If, the number of tracks for which a
write is completed is equal to an integer multiple of a
predetermined integer Ncal plus Noffs, PES linearity
calibration is effected with a measurement pattern (see FIG.
'15), and the control flow returns to step S107 upon
completion of the calibration. The value Noffs represents
the number of tracks that corresponds to the read/write
offset RWoffset. The calibration will be described later
in detail.

[0035]

The trigger pattern/servo pattern/propagation
pattern write will now be described with reference to FIG.
5.

FIG. 5 shows a situation where trigger patterns,
servo patterns, and propagation patterns are already

written in tracks 20A to 20D, and then the write head W



predeterm ned i nteger Ncal plus Noffs, PES linearity calibrationis
effected with a neasurenent pattern (see FIG 15), and the control flow
returns to step S107 upon conpletion of the calibration. The value Noffs
represents the nunber of tracks that corresponds to the read/ wite offset
Rwffset. The calibration will be described |ater in detail. [0035] The
trigger pattern/servo pattern/propagati ogpu pattern wite wll now be
described with reference to FIG 5. FIG 5 shows a situation where trigger
patterns, servo patterns, and propagation patterns are already witten in

tracks 20AwG t22Da @14 ddeN gt et ! & 18R pAtdb ooV IdnfeS g%o;)(%\ig%aﬁronpat tern,

servo pattern, and propagation pattern in‘the next tra iTe the

read head Riqads imhecg%ern\e%stp_aéﬁa%{)mo\ﬁ' 9 ehe RAGKE peld Rk pRauence

correspondS to step S1 i's obvious Tromthe figure, he “propagati on

patterns PQh%7 s%&%ovwﬂatttt%'}é{.fn vﬁ:&&% X i3 Uk 2R éﬁi%n%egﬁegirc%sappoospgt ;?2

i.nformation storage “area . re, the propa on"p

DUELNETLL RS S klf LB) ot i oBRA e SHEY SEEARLOST,

pattern rOW%eApE%pggation patterns PO-P7 are written in a dgta_
storage area 22 and ndt.in a position information storage
area 21. Therefore, the propagation patterns P0-P7 are
overwritten by subsequently written data. It means that
they are erased before actual use. In the present
embodiment, the read head R reads burst pattern rows A to D,
which are written in a burst pattern storage area BP, and
the positioh of the write head W is controlled at the time
of a self servo write in accordance with the signal (PES:
position error signal) that the read head R outputs in
accordance with a pattern.

In a self servo write according to the present

embodiment, a servo information write is performed in such
a manner as to overwrite a part of a previously written
track as shown in FIG. 5. Burst pattern rows A to D are
written twice in halves so that the resulting pattern phase
diSagreement may cause an amplitude error. The position
signals normally used for servo are (A - B)/(A + B) and (C
- D)/(C + D). The signal width is prescribed by the width
of the write head W and narrower than the track pitch. A

position signal (auxiliary position signal) based on a



which are witten in a burst pattern storage area BP, and the position of
the wite head Wis controlled at the tine of a self servo wite in
accordance with the signal (PES: position error signal) that the read head
R outputs in accordance with a pattern. In a self servo wite according to
the present enbodinent, a servo information wite is perforned in such a
manner as to overwite a part of a prevemusly witten track as shown in
FIG 5. Burst pattern rows Ato Dare witten twice in halves so that the
resulting pattern phase disagreenent nay cause an anplitude error. The

position aigparenBosaBELYats6H hEOEhSE! ¥Qch! 8s(for &éiftﬁd@w@f&hé&i -
D/(C+ D). The signal wwdth is prescribed by the wdith of the Wwite head

Wand narrgveraghag &8 b&ogkrblChrof tRPSL (8P AbIAF R,éagé'#é&%a( position
signal) based on a 25 different cal culation nmethod such as Tor anplitude

wei ghted BYRERSI REvERG QerégﬂngﬂpiiQEEéhre@higrgggéﬁgspéﬁﬂ éOEheburéts

having a read anplitude. This process enhances t ead positroning

accuracy beeagsgobieidhthyi 2YuPRSH 1hOBausé 9PRL ééxfﬁg%%?o?ﬁéfﬁggﬁy correct

the position signal derived froma servo pattern. ard di sk

drive 1 acgphgh9idoutde PSE5LOber BFPOSEPEDE  the SEbL1 SEEN s Ehdf 1S
performed while servo

derived from a servo pattern.

[0036]

In the hard disk drive 1 according to the present
embodiment, a self servo write is performed while servo
control is exercised méking use of a burst pattern that is
used for servo control before use. Therefore, increased
ease of control is provided when compared to a cqpvéntional
method, that is, a situation where a self servo write is
performed while servo control is exercised making use of a
propagation pattern. In other words, the control system
initially possessed by the hard disk drive 1 can be used to
perform a self servo write. Therefore, the processing
capacity requirements for a self servo write can be
satisfied by the hard disk drive 1's built-in HDC 13 and
MPU 12 élone. Thus, increased ease of self servo write is
proyided. Further, the incohsistency of a low-reliability
burst pattern can be compensated for by using a propagation
pattern for the purpose of enhancing the self servo write

accuracy.

[0037]



control is exercised maki ng use of a burst pattern that is used for servo
control before use. Therefore, increased ease of control is provided when
conpared to a conventional nethod, that is, a situation where a self servo
wite is performed while servo control is exercised making use of a
propagation pattern. In other words, the control system initially
possessed by the hard disk drive 1 can Bé used to performa self servo
wite. Therefore, the processing capacity reqU|renents for a self servo
wite can be satisfied by the hard disk drive I's built-in HDC 13 and MPU
12 al one. Thus, inaheadsediedsmalf stelpls o€ theMaborel prove®s dad.l hewt her,
the inconsistency of a lowreliability burst pattern can be conpensated

for by usi bg depoyiagd iion depatitiern for the purpose of enhancing the self
servo wite accuracy. [0037] 26 The individual steps of the above process

wi Il now be descrifiegt Bfdetal,| sthp $tLoaf, ahlat Siep thk0brddedls igpr the
process for determning the track pitch (feed pitch) for the servo

i nf or mat i odelterelitdind0 thel RrgQRS ﬁa& {che (e eldo pa e ci)l tfb&ﬂ thieNs@ r&oPOsi tion
informati on storage area 21 of t magnetic disk 2 will be described in

detail. Fl @nformatdonl QWaldahding laUtiridlgerd pate eRHh)C eSS blehatriitteper f or med
to determ ne the

into a position information storage area 21 of the magnetic
disk 2 will be described in detail. FIG. 6 is a flowchart

illustratiﬁg the process that is performed to determine the
track pitch.

First, the VCM current Ivcm flows to the VCM 6 so
as to provide a constant actuator speed, and thep the
magnetic head 4 (actuator 5) is loaded frqm the ramp (not
shown) to the magnetic disk 2 and, at the same time, moved
toward the crash stop 9 (step S201). Then, the VCM current
Ivcm is set to a considerably large current value imax
(step S202) td strong press the actuator 5 against the
crash stop 9, thereby positioning the magnetic head 4
(write head W), which is mounted on the end of the actuator
5, in a specified position within an inner area of the
magnetic disk 2. At the same time, the slot number N for a
propagation burst is initialized to zero (0) (step S203).
The propagation burst is a special burst pattern for use in
track pitch determination.

[0038]



track pitch. First, the VCM current Ivcmflows to the VCM6 so as to
provi de a constant actuator speed, and then the nagnetic head 4 (actuator
5) is loaded fromthe ranp (not shown) to the nagnetic disk 2 and, at the
sane tinme, noved toward the crash stop 9 (step S201). Then, the VCM
current lvcmis set to a considerably large current value Imax (step
S202) to strong press the actuator 5 agdinst the crash stop 9, thereby
positioning the nagnetic head 4 (wite head W, which is nmounted on the
end of the actuator 5, in a specified position within an inner area of the

magnetic di sk 2. Alexbe theewtite, héde Wl 06 wss@eto NefDte ath@ropagati on
burst is initialized to zero (0) (step S203). The propagation burst is a

speci al bupBépagatesn bersts€160 ntmbBsk Wi bfbodehermagrét . afHR3B] 27
Next, the wite head Wis used to wite the propagati on burst slot nunber N

onto the npgtepi S20k 3K 2ThéStepd pdbite dREnA&R] W thén ChRORelsdd 1hgn

exercises its burst denodul ation function (the function of the read/wite

channel 1lphest n@atioahDgtise Punstign Pl the0RInsP168GE e AOBPY)HEEe Of the
witten propagation burst (step S205). Then, step S206 is perforned to

check whet&igsndde 1eagobendasirery €001 birkt hﬁhpih@u@@wté ugea @f tihde

written propagation
amplitude of the written propagation burst (step S205).

Then, step S206 is performed to check whether the read head
R can confirm that the amplitude of the written propagation
burst is three or more slots.

[0039]

If the read head R cénnot read three or more slots
of propagation bursts, step S207 is performed to set the
slot number N to N + 1 and the VCM current Ivcm to Ivcm -
Idelta. The current flow to the VCM 6 is slightly reduced
in this manner to slight move the write head W outward, and
then the control flow returns to step S204. The initial
Idelta value is determined according to prior experiments.
However, the Idelta value is to.be appropriately corrected
in accordance with the results obtained later. FIG. 7 (a)
shows a state where propagation burst slot 0 is written on
the magnetic disk 2. 1In this state, it is understandable
that the read head R can read no slot of propagation burst
due to the existence of the read/write offset RWoffset.
FIG. 7 (b) shows a state where propagation burst slots 0 to

9 are written on the magnetic disk 2. The example shown in



burst is three or nore slots. [0039] If the read head R cannot read three
or nore slots of propagation bursts, step S207 is perforned to set the
"slot nunber Nto N+ 1 and the VCM current Ilvcmto Ivcm- Idelta. The
current flowto the VCM6 is slightly reduced in this manner to slight
nove the wite head Woutward, and then the control flow returns to step
S204. The initial ldelta value i s det effined according to prior
experinments. However, the ldelta value is to be appropriately corrected
I n accordance with the results obtained later. FIG 7 (a) shows a state

wher e propapaki gigottestingiehtes theti thenread hBadmroeahi eediSkhzeel N this
state, it is understandable that the read head R can read no sl ot of

propagati og1buksl s1dee 0o tbhe)eyirspeppagatibiepueadswri tg ehtset 7R(GHf set .
FIG 7 (b) shows a state where propagation burst slots O to 9 are witten

on the magaak § ¢byk %heThQsQéQGB|Edéﬂ@ﬂ“rbﬁr@%enlb'%h&'EHE%ahBQ'B@E%S that
the read head R can read three slots (slots 0 to 2) of propagation bursts.

In FIGS. 7yhath #Rd fa aktlhhﬁeqﬁsuagﬁﬁlkéehEaarﬁp&eaenhéaahﬁ dha%aece over
whi ch the magnetic head 4 (wite head Wread head R) noves VCM

current 'Vﬁﬁbhstﬁ%CVQES%ﬁrQﬁnEdebﬁ iEfdeEBeaEQ@ ByheReneRd, &Ee Bﬁad head
R can read three or nore slots of propagation bursts, step S208 i
performed tfe other hand, the read head R can read three or more
slots of propagation bursts, step S208 is.performed to
determine the track pitch in accordance with the
relationship between the amplitude of the first read
propagation burst (slof 0 in the example shown in FiG. 7
(b)) and the amplitude of the third read propagation burst
(slot 2 in the example shown in FIG. 7.(b)).
[0040]

Next, step S209 is performed to check whether the
détermined track pitch is within a proper range. If the
track'pitch is outside the proper range, step S210 is
performed to adjust the Idelta value. If, for instance,
the track pitch is greater than the upper limit, the Idelta
setting is decreased. If the track pitch is smaller than
the lower limit, the Idelta Setting is increased. After
Idelta value adjustment, the write head W erases the
written propagation bursts while the actuator 5 moves
toward the crash stop 9 (step S211). The control flow then

returns to step S202 and determines the track pitch by

performing the above procedure again.



determ ne the track pitch in accordance with the relationship between the
anplitude of the first read propagation burst (slot 0 in the exanple shown
in FIG 7 (b)) and the anplitude of the third read propagation burst

(slot 2 in the exanple shown in FIG 7 (b)). [0040] Next, step S209 is
perfornmed to check whether the determned track pitch is within a proper
range. |If the track pitch is outside t e proper range, step S210 is
perforned to adjust the Idelta value. If, for instance, the track pitch is
greater than the upper |limt, the Idelta setting is decreased. If the
track pitch is snallferthehdirackheitmkerid iwiitthirt Hthd detdpers atdridy, istep

I ncreased. After |Idelta value adjustnment, the wite head Werases the
written pr&gd@atiisopenfiogimednitid eeteansiteuather Isaieesraluwais Wl @sash
stop 9 (step S211). The control flow then returns to step S202 and

det er ni nes thiee curae tpiviadlneb \ o fifaveftgr Mhigh e aees SHBE b mAGaid). 29 | f
the track pitch iis within the proper range, step S212 is perforned to
deternine the bdtubaoralsudbyasn @lstance imicalentt tealse Hdamipithi ch is
-necessary for noving the actuator 5 by a distance equivalent to the :
read/ wr i t eoftiskteRWBEkktebverethehmagmerad aidksk .2. THe wiiite Headd wV

then erases the witten propagation bursts while the
then erases the written propagation bursts while the
actuator.s moves toward the crash stop 9 (step.5213). A
' serigs of processing steps is now_completed. The above
Idelta value and Ioffset value are stored in the RAM 15.
[0041] |
| | 'Step S102, that is, the process for déterminiﬁg a
trigger pattern write time diffe:eﬁce will now be described
in detail. FIGS. 8 to 10 are flowéhafts illustrating the
précess for determining the trigger'ﬁattefn write time
difference. | |
| First, the VCM current Ivcm( which is set to Imax,
flows to the VCM 6 (step S301)., and'the actuator 5 is
strongly pfessed against the crash stop 9 so as to position
the magnetic head 4 (write head W), which is mounted on the
end of the actuator 5, at a spécified inner position on the
magnetic disk 2. Then, a cluster K setfing of 0 is
selected (step S302), and the write head W writes trigger
pattern TPl onto cylinder CO whose cluster is 0 and at a

position that is obtained by dividing the circular surface

of the magnetic disk 2 into Msect equal sections (step



actuator 5 noves toward the crash stop 9 (step S213). A series of
processing steps i s now conpleted. The above Idelta value and |offset
value are stored in the RAM 15. [0041] Step S102, that is, the process for
determining a trigger pattern wite tinme difference will now be descri bed
in detail. FIGS. 8 to 10 are flowharts illustrating the process for
determining the trigger pattern wite t3¢e difference. First, the VCM
current Ivem which is.set to Imax, flows to the VCM6 (step S301), and
the actuator 5is strongly pressed agai nst the crash stop 9 so as to

R S L

of the actUato I nner” posi .
W tos 19E6Ee? I3 %%%?%d% gohishi%'l.e%% 0% & RRolethrhster opuSsatad ar a
i sk '2°?n§€9<%;ge%?&22%‘%?°€g€¥?%h§f (B8 pagnebigagfon f oo dopartern TP e
witten onto the. etig accordance with an_ index signal that
i's generat%%ecggﬁaagg%h F%%d?ﬁt?% gftth%gﬁﬁgﬂ%FF%rH|§Q12lsNﬁ?@r ed
speC|f|caII the Wit ri ttern TPl is started wth a specified-
del ay froﬁf é§ %?ﬂﬁﬁf ﬂ% é%}gg index 51gnal detectlon and

repeated at specified time intervals until disk recording

is completed. The number of equal sections into which the

circular surfaee of the magnetic disk 2 is divided Qaries

with the target hard disk drive 1. The term "clusterﬁ

represents a group of contiguous tracks having the_same

track pitch.

t0042].

_Next; the VCM current'flow (ivcm) to the'VCM 6 is
set to Ivem - Ioffset (Step S304), and the read head R
~  moves to a position at which trigger pattern TPl is written.

The read head R then reads the written trlgger pattern TP1

and sends the read trlgger pattern signal to the read/write

channel 11. The read/write channel 11 measures the output

AMP (J) of trigger pattern TPl (J) (J = 0 to Msect - 1) and

the time interval TPD1 (J) between adjacent trigger

patterns TP1 (step S305), to check whether the output AM?

(J) and time interval TPD1 (J) obtained by the MPU 12 are

proper (step S306).

[0043]



repeated at specified tine intervals until disk recording is conpleted.
The nunber of equal sections into which the circular surface of the
magnetic disk 2 is divided varies wth the target hard disk drive 1. The
term"cluster” represents a group of contiguous tracks having the sanme
track pitch. [0042] Next, the VCMcurrent flow (lvcnm) to the VCM6 is set
to lvcm- loffset (step S304), and the rxad head R noves to a position at
which trigger pattern TPl is witten. The read head R then reads the
witten trigger pattern TP1L and sends the read trigger pattern signal to

the read/wite chanhethel bbtihd@asimmit eangh | s out put
AVP (J) of trigger pattern TPl (J) (jﬁi 0Oto ﬁggﬁﬂxgl%9ﬁgnﬁﬁ€§ﬂ%3fine

i nterval TPAWDYX J)J b eisnei jeacenthd iRl t Rat Sy T, 5), to
check whet her the outpu?&k (J) and t|nejgﬁgggégf41€gﬁ§§%§g%§§ i ned by

the MPU 12 nifvees RidWREFd (tHeLRra30)st PG : he t ai ned out put AWP
(J) or time interval TPDL (J) is isrrprpg%g?%m’t Jeeén%faagsl'nle (?cqh%a JZ??%F&t uator 5)

Wi tren on the oman erftteh YL ASHIRS A e A Wien i s
set to | mycM lMen? TRemYWnlch is set to Imax, flows to the VCM 6.
' (step S308), and the actuator 5 is strongly pressed againét
the crash stop 9 so as to position the magnetic head 4 |
(write head W), yhichiis mounted on.the end of the acfuator
5, at é specified position. The write timing for triggef
pattern TP1 (J), that is, the delay between the instant at
- which the index signallis detected and the instant at thch
the write of trigger pattern TP1 (J) starts is then chaﬁged, '
and the write hééd Wﬂwrités agéin trigger pattern TP1 |
(trigger pattern 1) onto cylinder COlwhOSe cluster is 0 and
at a position that is dbtained by dividing.the circular
_surface of the magnetic disk 2 into Msect equal sections
(step S309). Then, the control’flow returns to step S304
'and continues with the process.' If, on the other hand, the
obtained output AMP (J) and time interval TPD1 (J) are
proper, the VCM current Ivem is adjusted, and the actuator
5 moves so that the read head R reads the innermost X% of
TP1 (J) of cluster K (step S310). The value X is set as
appropriate.

[0044]



(step S308), and the actuator 5 is strongly pressed against the crash stop
9 so as to position the magnetic head 4 (wite head W, which is nounted
on the end of the actuator 5, at a specified position. The wite timng
for trigger pattern TP1 (J), that. is, the delay between the instant at
whi ch the index signal is detected and the instant at which the wite of
trigger pattern TP1 (J) starts is then ¢Ranged, and the wite head W
.Wwrites again trigger pattern TP1 (trigger pattern 1) onto cylinder CO
whose cluster is 0 and at a position that is obtained by dividing the
circular surface Yextheshepgn8Bilt dsskpefbonmedMtectheghkalwheehleirorfhie (Step
S309). Then, the control flow returns to step S304 and continues wth the
process. |¥alue KhefothesthanK, ishe. obfathedvaliupuk A¥Pnod) oandteipme
interval TPD1 (J) are proper, the VCMcurrent Ivcmis adjusted, and the

actuat or 5SBdeessspetrfarmeliewiendtheaslaGnéeadshtha unmaia®ating® ¢f, TP1 (J)
of cluster K (step S310). The value X is set as appropriate. [0044] 32

Next, steptB8liaie pesieisRdtbockbeRkwhbehber thBeryaliUReKaok ehHStELaK i
0. | f the value Kis not 0, step S312 is perfornmed with the magnetic head

4 mai nt ai negthnTPLhespase EPEsLEATKL D 5ﬂ@ci<p3\heweéft8@u5€éﬁ ReadIB can
read both TP2 (J) of cluster K-i and TP3 (J) of.cluster K
'the read head R can read both TP2 (J) of cluster K-1 and
TP3 (J) of cluster K, the time dlfference m between TP2 (J)
Qf ¢luster K-1 and TP3 (J) of clgster K can be measured
(step S313). The write time_infervai'value TP1W is then
'cb;rected in accordance with -the measured time difference m
(step S314). The process is now.compléted. The write time
intervalsTle.is thé time interval between the instant at
thch fhe read head R:feads a ﬁritfeh trigger pattern énd
the instant at which the write head W starts writing the
'next trigger pattern.
[0045]

If, on the other hand, the read head R cannot read
both TP2 (J) of clusfer K-1 and TP3 (J) of cluster K, the.
read/write channel 11 detects the sync mark-of each trigger
pattern TP1l, the write time interval TP1W (J+1) for the
next sector is determined from the obtained time interval
TP1D (J) between trigger patterns TPl (J), and the write

head W writes TP1 (J+1) and TP3 (J+1) into cluster K+1

(step S315).



the read head R can read both TP2 (J) of cluster K-1 and TP3 (J) of
cluster K, the tine difference mbetween TP2 (J) of cluster K-1 and TP3
(J) of cluster K can be nmeasured (step S313). The write tinme.interval
value TP1Wis then corrected in accordance with the nmeasured tine
difference m. (step S314). The process is now conpleted. The wite tine
interval TPiWis the tinme interval betwern the instant at which the read
head R reads a witten trigger pattern and the instant at which the wite
~head Wstarts witing the .next trigger pattern. [0045] If, on the other
hand, the read headrR @asnpild€ad oPBIudRA 1@)1i9fo Ciﬁlséteé%a*‘s%lf‘f”ds@g (J)
rk of eac

of cluster K, the read/wite channel 11 detects the sync

trigger patdird NidRlerfdiandd {8 ik reval,\TP + he next
sector is deter msne%@%r om t he obt ali ne tllerr(\éﬁﬁln)t eﬂcflh%{)q{ﬁ# bet ween
trigger patggigy) TP1 (J), and the wite head Wwites TP1 (J+1) and TP3

(J+1) into cluster K+1 (step S315). 33 |If the value K of cluster Kis O

[00a6] "Next, the. vRTei rat Ve e st anet g ort ot AR (o

the purposq feps!ld ) 3fo‘i‘aCtrh%a'ij\:ﬂ:q)ot ® of slightly decreasing the
current flow to the VCM 6. This moves the actuator 5, that
is, the magnetic head 4 (write head W) to'fhe next write
position. The read/write channel 11 then.detects the sync
mark of each trigger pattern TP1l, the write.time interﬁal
TP1IW (J+1) for fhe next sectér is determined from the
6btained time interval TPiD (J) between trigger patterns,
“and the.trigger pattern_T?l (J+1) for clustef K%l is then
written (step S318). | | | |
[0047]

Next, step S319 is performed'to chéck'whethér.the'
outpuf.AMP.(J) of trigger pattern TPl (J) and the timé
interval TP1D (J) between adjacent trigger'patterné TPl are
proper. If the output AMP (J) of trigger pattern TP1 (J)
_and the time interval TP1D (J) between adjacent trigger
patterns TPl are proper, the control flow returns to step

© S317 and continues with the process. If, on the other hand,
the output AMP (J) of trigger pattern TPl (J) or the time
interval TP1D (J) between adjacent trigger patterns TP1 is

improper, step S320 is performed to check whether the read

head R is positioned at the outermost section of cluster K.



current flowto the VCM 6. This noves the actuator 5, that is, the
magnetic head 4 (wite head W to the next wite position. The read/wite
channel 11 then detects the sync.. mark of each trigger pattern TP1l, the
wite time interval TP1IW (J+1) for the next sector is determned fromthe
obtained tinme interval TP1D (J) between trigger patterns, and the trigger
pattern TP1 (J+1) for cluster K+1 is théf witten (step S318). [0047]

Next, step S319 is performed to check whether the output AW (J) of
trigger pattern TP1 (J) and the tinme interval TP1D (J) between adj acent
trigger pathiferthe Tehdr headr ®pdss. pofsittiened put A duberdfodt iggaridpttern
TP1 (J) and the tinme interval TP1D (.J) between adjacent trigger patterns

TP1 are pr@ferclushercent kbl VCOWChRIenRS ThemSHep a ﬁ%&@%&%ﬂéﬁ%‘/\“h
the process. If, on the other hand, the output AMP (J) of trigger pattern

TP1 (J) or acheattoes bt ehual thelPead) hBaEMRen s 0338 londd 4R L €r ns
TPl is inproper, step S320 is perfornmed to check whether the rea head R

i's positioraeé dhnbbﬁo@%tﬁbng$tT@QCRUQnonCQEQ%EQrKKés%é b%&&pe read head R
Is positioned at the outernpbst section of cluster ﬁ% current lvcm

i s ad] uste@u‘t@haﬁ\lethéereaﬁ?%&‘% éhaﬁnbﬁahlt Bét(e‘é?@ *Eﬁ%d§§bc5m%9§6 iJgoned

to read the innernost Xo of TPl of cluster
each trigger pattern TPl, the write time interval TP1W

(J+1).for the next sector is determined fromlthe obtained
time interval TP1D (J)_between trigger patterns, and the
write head W writes TP1 (J+1) and TPZ (J+1) into cluster
K+1 (step S322). Next, step S323 is performed to check
whether the output AMP (J) of trigger pattern TP1 (J) and
the time interval TP1D (J) between adjacent trigger
patterns TPl are proper. If the“output AMP (J) of TP1 (J)
and the time intefval TP1D (J) bétween adjacent trigger:
_patterns TP1 ére proper, step S324 is performed to select a
K setting of K +1, and the control flow returns to step
S310 and continues with the process.
[0048]

If, on the other hand, the output AMP (J) of TP1
(J) or the time interwval TP1D (J) between adjacent trigger
patterns TP1 is improper and the read head R is not
positioned at the outermost section of clustér K in step
5320, it is concluded that the written data is defective.
Step S325 is then performed to return to a track where a

defective pattern was written while erasing all patterns in



Further,.the read/wite channel 11 detects the sync mark of each trigger
pattern TP1, the wite tine interval TP1IW (J+1) for the next sector is
determ ned fromthe obtained tine interval TP1D (J) between trigger
patterns, and the wite head Wwites TP1 (J+1) and TP2 (J+1) into cluster
K+1 (step S322). Next, step S323 is perforned to check whether the, output
AMP (J) of trigger pattern TP1 (J) and 3%e time interval TP1D (J) between
adj acent trigger patterns TPl are proper. If the output AWP (J) of TP1 (J)
and the tinme interval TP1D (J) between adjacent trigger patterns TP1 are

proper, step @ItV FdtiorRd Nexde! edle? 53968l | ﬂ{] o and the

control flowreturns to step S310 and continues wit e process [ 0048]

|6 o0n! e zhared b o AULRs MR Phidle TRk odebnP ey L erval

TP1D (J) between adjacent trigger patterns oper aﬂﬁ’the read

head R is \’ t t ust te
0550, 1) ABeerhAl el o9 pethetl Triuthr PRkl " S gk T
th f t f att tt
Lpen Per onmRd LosLelf Bkd BukiRiketBeE A ARieel (5 BALCIR A it en

"ot ervar TR0 5 heEhEoReRF; BEEFSE NBEHRL I T %e%ta'ﬁ%%t“e it
performed to check whether the read head R is positioned at
a place where the defective sector ex1sted. If the read
head R is not positioned at a place whether the defective
seotor existed, the control flow returns to step S326 and
:continues with the process.

[0049]

If, on the othervhand, the.read head R is
positioﬁed at a place'where the defective seotor existed,
'step S329 is performed to check whether the read pead R can

'detect'a trigger pattern, servo pattern, and_propagation
_pattern. In the drawings, a trigger pattern, servo-pattern,
and propagation pattern are abbreviated respectively to TP,
SP, and PP. 1If the read_head R cannot detect a trigger
pattern, servo pattern, or propagation pattern, step S330

is performed to return the read head_R to aisector where a
defective pattern was writtep. TP1 (J) is detected and

then written with a special delay TWMD, which differs from

a normal delay TW, while measuring TP1D (J). TP1D (J) and

_TPlMD prevailing during a write are then acquired and

buffered (step S331). Finally, the read head R is returned



di sk drive 1 then exercises servo control to nove the read headR to-the
next sector (step S327). Step S328 is perforned to check whether the read
head Ris positioned at a place where the defective sector existed. If the
read headR is not positioned at a place whether the defective sector

exi sted, the control flow returns to step S326 and continues with the
process. [0049] If, on the other hand, tde read head Ris positioned at a
pl ace where the defective sector existed, step S329 is perforned to check
whet her the read head R can detect a trigger pattern, servo pattern, and

propagat i oo patir@ek wherkhendr awreesive EEan%re&a%%%ﬁn 5&% gj%%hter”

and propagation pattern are abbrevi ated respectively to d PP.

the read hgad RheapBAtrdet 8¢byarbtuggsr toPatbp" Ba 36 vo pattern, or
propagati on pattern, sfep 38 fs per?oto SEE@ ?gtérn the read head Rto

a.sector WpgHsp3 defectlve pattern was witten. TP1 (J) is detected and
then witten wwth a special delay TWD, which differs from a nornmal del ay

are then acquired hd PEOPRES chotoresteitndrHig Pt ?L'a'?laﬁ”h'eQS Ris
o e PR OBt o BRAEORIRN RALHE oL EEREHY

with reference to the examples shown in FIGS. 11 and 12.
The trigger patterns_in FIGS. 11 and 12 are represented by
black or whité rectangles. Black rectangles repreSent
trigger patterns that are written in thé current process,
whereas white rectangles represent trigger patterns that
were written in a previous prbcesé.

FIG. 11 (a) shoﬁs a state where thé VCM current
Ivcm, which is set to Imax, flo&s to'the_VCM 6 so as fb
strongly press the actuator 5.again5t the crésh stop 9,
thereby positioning the magnetic head 4 (read'head R/Write
head W), which is mounted on the end of the actﬁator 5, at
a specified position. While this state is ﬁaintained,
trigger patterns TPl are sequentially written onto éylinder
CO having a cluster K value gf 0.
[0051] |

FIG. 11 (b) shows a state where the VCM current
Ivem is adjusted to position the actuator 5 so that the
read head R reads the innermost X% (approximately 30% in

the figure) of TPl (J) having a cluster K value of O.

While this state is maintained, the read head R reads



[ 0050] The process for determining the wite tine difference between
trigger patterns will now be described wth reference to the exanples
shown in FIGS. 11 and 12. The trigger patterns.in FIGS. 11 and 12 are
represented by black or white rectangles. Black rectangl es represent
trigger patterns that are witten in the _current process, whereas white
rectangl es represent trigger patterns tRdt were witten in a previ ous
process.. FIG 11 (a) shows a state where the VCM current Ilvcm which is

set to Imax, flows to the.VCM 6 so as to strongly press the actuator 5

agai nst t hetrigedr spaptérn TREr @by, paisidh o6 Ngribeemean ety tihgad do(read
head RFwite head W, which is nounted on the end of the actuator 5, at a

speci fi ed posringra dhister K st Q)fsoﬂaimaéét?&rdaﬁéé%ffhpﬁﬁ%erns TP1
are sequentially witten onto cylinder CO having a cluster K value of 0.

[0051] FI Gdeltlect(iyn shiovEng ¢t aite Whsl® ¢ AEES TBYCpyj S adj usted
to position the actuator 5 so that the riﬁ? heé%ﬂﬁ readg %hgﬁ1hnernnst X%

(PPl | B e, G Y B deld a2 GBI gL ©
pattern TPtylindethicah Havidg td @1udtery IR RABECIE 1. In this -

instance, there should be no time lag between the trigger
pattern TPl (J) written op-cyiinder Co having'a cluster K
value of 0 and the trigger pattern TP1 (J) ﬁritten on
cylinder Cl having a cluster K value of 1. In reality,
howevér, such a time lag d.arises. ‘The time lag d varies
from one unit of the hard diskidrive 1 to another due:to
indiVidUal differences.(in terms - of read/write offsét
3Woffset and circuitndeiéf).ahong'units of the hard'disk'  .
drive 1. - |
[0052]

| FIG. 11 (c) shows a stéte where the VCM cufrent
vam is adjusted to position the actuator 5 so that the
read head R reads the outermost X% (approximately 30% in
the figure) of TP1 (J) having a cluster K value of 0.
While this state is maintained, the read head R reads
trigger pattern TPl (J)., which is written on chinder Cco
having a cluster K value of 0. In accordance with the
detection timing of the read trigger pattern TP1 (J),

trigger patterns TP1 (J+1) are sequentially written onto

cylinder C2 having a cluster K value of 1. The time lag 4



having a cluster K value of 0. In accordance with the detection timng of
the read trigger pattern TPl (J), trigger patterns TP1 (J+1) are
sequentially witten onto cylinder C having a cluster K value of 1. In
this instance, there should be no tine |ag between the trigger pattern
TP1 (J) witten on cylinder CO having a cluster K value of 0 and the
trigger pattern TP1 (J) witten on cylﬁﬂﬁer Cl having a cluster K value of
1. Inreality, however, such a tinme lag d arises. The tine lag d varies
fromone unit of the hard disk drive 1 to another due to individual

di ff erencesiy iexaerly. tdfe rszamk vas tBoofWsietindRWf £ ggér apalt ©éxe U1 del ay)
anong units of the hard disk drive 1. [0052] FIG 11 (c) shows a state
where the QM Xurorerdylinds® Gl dthwivied (alyoisdr 1 I0nvdahee ast upf or 5 so t hat
the read head R reads the outernpst Xo (approximtely 30%in the flgure)

of TP1 (J) Tmefbre Cltsstigfe peot teerfTEL (I ) eid hist Bttt eritio Mai nt ai ned,
the read head Rreads trigger pattern TPl (J), which is witten on

cylinder CRylindery Al daisty & omldteedK Qalik ascor dange thd sdnte
detection timng of the read trigger pattern TPl (J), trigger patterns TPl

(J+1) are sGGuery i |ﬂbr\/\/rw:tn.tte.fh93rﬂﬂgg‘éﬂ ipeere? M8V N8B Jitg er K value
of 1. The tinme lag d

cylinder C2 hav1ng a cluster K value of 1 (there is no t1me
lag between these two write operetions) Subsequently, the
read head R reads the trlgger pattern TP1 (J) written on
cylrnder CO0 having a cluster K value of 0. Trigger
patterns TP2 (J¥1) are sequentially written onto cylinder
Cc2 haVing avcluster'K value of 1.with a predetermined delay
from the detection of the read trigger pattern TPl.(J). |
The delay time'applied in this instance is timer-controlled
using the clock 1lla within the read/write channel 11.
Therefore, the time difference tl between trigger pattern
-TPl (J) end trigger pattern TP2 (J), which are writren on
cylinder C2 having a cluster K value.of 1, is a known value.
This valueé is stored in the RAM 15. |
[0053]

FIG. 12 (a) ehows a state where the VCM current
Ivem is adjusted to position the actuator 5 so that the
read head R reads the innermost X% (approximately 30% in
the figure) of TPl (J) having a cluster K value of 1.

While this state is maintained, the read head R reads

trigger pattern TP1 (J), which is written on cylinder C1



Is exactly the same as for witing trigger pattern TP1 (J+1) on cylinder
G having a cluster K value of 1. Therefore, trigger pattern TP1L (J+1) is
witten onto cylinder d having a cluster K value of 1 with the sane
timng as for witing trigger pattern TP1 (J+1) onto cylinder C2 having a
cluster Kvalue of 1 (there is no tine |ag between these two wite
operations). Subsequently, the read hed® R reads the trigger pattern TPl
(J) witten on cylinder CO having a cluster K value of 0. Trigger
patterns TP2 (J+1) are sequentially witten onto cylinder C2 having a

cluster K nawimgofa tlwistterakKprvedeieeor ned del aycodaamndd g4t agld on of . t he
read trigger pattern TP1 (J). The delay tine applied in this instance is

ti mer - cont deltleettionusiiMEnigh@£Citdek reladl WirtiigRrt ha tireas *Fpilt$ hannel 11.
Therefore, the tine difference ti between trigger pattern PI (J) and

trigger patreggerPRatdbrndhir®l 30819 a3 e@lent)k! ving a cluster
K val ue of 1,©?§ agﬁnowﬁnvalue.q Th?gaValug%ignsﬁg}gge?ﬁg%ﬁgﬁRxﬁng. [ 0053]

FIG 12 (apy3haweracst Bheingere chiet¥EMkCYLAGRt ofl YCm | jjust.gd et O
position thg actuator 5 so that the read hea% ﬁ réédskﬁhgﬂ#%n%§%55t X%

(approxi matsby R tRighbe bhg¥eeh @b1TPH)(dkiRUhngndcGhYsheL Ksval ue of
1. Wile this state i s naintained, the reéead ﬁeag R reags ?rlgger pattern
TP1 (J), WAh&hnhSaWehihbeBrOR ¢XLLRIBE S1is delayed by 4 from the
:trigger pattern TP1 (J) written on cylinder Cl1l having a
"cluster K value of 1. Subsequently, the read heed R reads
the trigger pattern TP1 (J) written on cylinder C1 haVing.a
cluster K value of 1. Trigger_patterns Tf3 (J+1) ere
sequentially written onto cylinder C3 having a cluster K
_value-of 2 with a predetermined delay from the detection of
the read trigger pattern TPl (J). The delay time appiiea
in this instance is timer-controlled using the clock 1la
within the read/write channel 11. Therefore, the time
difference t2 between trigger patterns TP1 (J). and TPS (J),
which are written on cylinder C3 having e ciuster K value .
of 2, is a known value. This value is stored in the RAM 15.
[0054]
FIG. 12 (b)'shows a state where the VCM current
Ivem is adjusted to position the actuator 5 so that the
read head R reads the innermost X% (approximately 30% in
the figure) of TPl (J) having a cluster K value of 2.

While this state is maintained, the read head R is checked

to determine whether it can read TP1 (J) and TP2 (J)



39 having a cluster K value of 1. In accordance with the detection timng
of the read trigger pattern TP1 (J), trigger patterns TP1 (J+1) are
sequentially witten onto cylinder C3 having a cluster K value of 2. In
this case too, the trigger pattern TP1 (J) witten on cylinder C3 having
a cluster Kvalue of 2 is delayed by d fromthe trigger pattern TP1 (J)
witten on cylinder d having a clustef%% value of 1. Subsequently, the
read head R reads the trigger pattern TP1 (J) witten. on cylinder C
having a " cluster K value of 1. Trigger patterns TP3 (J+1) are

“sequent i al wridtient on oyildndelri @deha®3ingaa ol ustelruk eralte Wi ueigf 2 with a
predeterm ned delay fromthe detection of the read trigger pattern TPl
(J). The delda ttiiome tapfpiled J )i andhirP3i (Shamed titen! iofElcyddmded! lcad using the
clock Ila wthin the read/wite channel 11. Therefore, the tine

di f f er encehta®inet ween ulstiegg® vipdlidee ot 2TP1 1n) )th@r&:a‘ﬁgg?)lé Johownii ¢ fFﬁEe
witten on cylinder G having a cluster K value Is a known val ue.

This val uelils (t)Qr etel irefdde hRAM ¥0.carl GREM G abdvrd MrSHYs Sastatlgs Where
the VCM current Ilvcmis adjusted to position the actuator 5 so that the

read head R reads (ke thangtaes! agkoraBerOubERLe! thd0ting difgekbalech of
TP1 (J) having a cluster K value of 2. Wile fhis state is mal nt ai ned, the
read head Beitweehee¢kedtrigger pattern TP2 (J) written on cylinder c2
having a cluster K value of 1 and the trigger pattern TP3
(J) written on éylinder C3 having a cluster K value of 2 is
expressed aé indicated below:
m=t2 - t1 + 4
When the above expression is modified, the
following is obtained: |
d=m+tl - t2
The values tl and t2 ére known. In éddition, the
" time difference m is measurable when it is read by the'read
head R. Therefore, it is péssible to determine the time:
lag 4 between the trigger péttern TPl (J) written oﬁ
cylinder 0 having a cluster K value of 0 and the trigger
pattern TPl (J) written on cylinder Cl having a cluster K
value of 1. The misalignment between circumferentially
adjacent trigger patterns on the magnetic disk 2 can be
corrected by correcting the above time lag d. If the read
head R cannot read TPl (J) and TP2 (J) written on cylinder

Cc2 having a cluster K value of 1 in addition to TP1 (J) and

TP3 (J) written on cylinder C3 having a cluster K value of



to determi ne whether it can read TP1 (J) and TP2 (J) 40 witten on
cylinder C2 having a cluster Kvalue of 1 in addition to TP1 (J) and TP3
(J) witten on cylinder C3 having a cluster K value of 2. In the exanple
shown in FIG 11 (b), the read head.R can read the above trigger patterns.
In the state described above, the tine difference m between the trigger
pattern TP2 (J) witten on cylinder C2 4Raving a cluster K value of 1 and
the trigger pattern TP3 (J) witten on cylinder C3 having a cluster K
value of 2 is expressed as indicated below m=1t2 - t1 + d Wien the above

expr essi on 2i,s amegiiGigeg: ph&QerEQHﬁ%Mé“bdé%d%%dﬂrﬁgj(#hﬁldno él - 12 The

values ti and t2 are known. I n addition, the erence ntrs

measur abl epeheBrived ankt9ad che Hagd sada ReadiRr e s%fc%“”tir 'S possi bl e

to determine the tine lag d between the trigger pattern witten on
cylinder OphgteRgsa cluster K value of O and the trigger pattern TP1 (J)
witten on cylrnder Cl having a cluster K value of 1. The m sal i gnnent

bet ween ci jpggkgrentially adjacent trigger patterns on the magnetic disk 2
can be corrected by correcting the above tine lag d. If the read head R

cannot read TP1 (Jina@ﬂengegéhtm%hggﬁlmgﬂtcylhgd%%ad/wrlte offset

RWoffset existing between the read head R and the write
‘head W is used to'determine the trigger pattern write
position and write timing (the wr1te position in the
circumferentlal dlrectlon and radlal direction of the
_“'magnetlc.d;sk 2). Therefore, 1t-1s not necessary to write
.'.clock data in the outer area of the magnetlc disk 2 by
'_i.using a dedlcated clock head. As a.: result, a self servo
wr1te can be performed by a 51mpler method. further, the-
| conflguratlon will not be compllcated because the clock 1lla
for use by a t1m1ng determlnatlon tlmer is 1ncorporated in
the read/wrlte channel 11.
[00561
Step S103, that is, the process for writing a
trigger pattern, servo pattern, and propagation pattern
onto the magnetic disk 2 in accordance with VCM current
control will now be described in detail. FIG. 13 is 4
flowchart illustrating a self servo write process that is
performed in accordance with VCM current control. For
convenience of explanation, step S104 will also be

described.



C2 having a cluster Kvalue of | in addition to TP1 (J) and TP3 (J)
witten on cylinder C3 having a cluster K value of 41 2, a trigger pattern
wite operation is continuously perforned until the read head R can read
such trigger patterns. [0055] In the present enbodinent, the read/wite

of fset RWffset existing between the read head R and the wite .head Wis
used to determine the trigger pattern wt2te position and wite timng
(the.wri.te position in the circunferential direction and radial direction
of the magnetic. disk 2). Therefore, it is not necessary to wite clock

data in the outer &iestof thlee VEMgeatrirendi Shch hy adsjurded @ediagated cl ock
head. As: a.result,.a self servo wite can be perfornmed by a sinpler

met hod. Fumidteirn the magRbitgd Akiadn anithl thet 1haesaiBRit calead JFegaese t he
clock 11la for use by a timng determination tiner is incorporated in the

read/wﬁltep&ﬁ@@ﬂghglblqu@56kclﬁheer5§6§atﬁbabdlimmb@&aQQQQe%%fBQ% writing

a trigger pattern, servo pattern, and propagation pattern® onto t e
magneti ¢ ditple 2¢1uBtascehdaRsenwrbl MeY @pB GBke 607H Yead)! |(sRE

described in detail. FIG 13 is a flowhart illustrating a sel servo

wite proceapifhhat Nekt, the time interval TP1D (J) between trigger
patterns TP1 (J) is measured in the current track (step
S402). Step S403 is then performed to check whether TP1
(J) can be detected. If TP (J) detection cannot be
achieved, a defective sector is rewritten in the process
shqwn in FIG; 9 and then the control flow teturns_to step
-S402{ 'If TP (J) detection is achieved, onethe otherthand

: the.time'difference'TPlD (J) - 4, ‘which is the difference
_between the t1me 1nterva1 TP1D (J) between the obtalned
trigger patterns TP1 (J) and the prev1ously'determ1ned time
diffe:ence d, is set as the timing delay TW (eteptS404);
[6057] | | |

Next, trigger patterns TPl (J) are detected,.and

while the time interval TP1D (J) between the trigger
patterns TPl (J) is_meesured, a trigger pattern/eervo
pattern/propagation pattern write is performed in such a

- manner that the delay TW after the track pitch TP1 (J) is
equivalent to a trigger pattern (TP) in a write track (step
5405). The time interval TP1D (J) between trigger patterns

TPl (J) during the above write as well as the write time



performed in accordance with VCM current control. For convenience of

expl anation, step S104 will also be described. 42 First, the VCM current
Ivecmis adjusted so as to return the nagnetic head 4 to the innernpost area
of the preceding cluster (cluster positioned i medi ately before the
cluster in which TP2 and TP3 were both read) (step $S401). Next, the tinme
interval TP1D (J) between trigger pattérns TP1 (J) is nmeasured in the
current track (step $S402). Step S403 is then performed to check whet her
TP1 (J) can be detected. If TP (J) detection cannot be achieved, a

defective sboetearval TEMW i (JErEd e MHacafsct e | deditGed ¢ %ﬁ‘éﬁ‘ the
control flow returns to step 5402. If TP (J) detection is achieved, on the

ot her hand,butferdd nestdg feyece TPLD (J) - d, which is the. difference
between the tinme interval TP1D (J) between the obtained trigger patterns

TP1 (J) andddwgpreviously determined time difference d, is set as the
timng delay TW(step S404). [0057] Next, trigger patterns TPl (J) are

detected, and whi gyihe oM ieirnt R deb) dietsgn t [f%%#%?@%%t i on

patterns TP1 (J) is neasured, a trigger pattern/servo  pa

patt orn W idghs)s, PHHQRTRY TR s WRARTaIAY, Wiep'ddbp TW Al ter the

performed to check whether the actuatbr 5 is in contact
with the crash stop 9. 1If the actuator 5 is in contact
with the crash stop 9, step S409 is performed to check
whether the redd.head B qén detect.a servo pattern and
prépagation'patfeyn at the cﬁrrent position. If the.read
head R can detect a servo pattern and propagation pattern,
_step_S410 is perfqrmed to check whether the actuatbr.s can

- be servo-contfdiled ﬁsing'the:Sérvo paftern and ﬁropagatibn
pattern. If such servo contrdl can be exérbised,-the-seif |
servo write based on VCM current cdntrol terminates. If,

- on the other hand, the actuator 5 is not in contacf.with
the crash stop 9 in step S408,.the written patterns are
erased whilg the actuator 5 returns (sfep S411), and the
process is resumed beginning with the Idelta measurement.

If the read head R cannot detect a servo pattefn or
propagation pattern in step S409 or if servo control cannot
be exercised in step S410, the control flow returns to step

S402 and continues with the process.

[0059]



equivalent to a trigger pattern (TP) in a wite track (step $S405). The
time interval TP1D (J) between trigger patterns TP1 (J) during the above
wite as well as the wite time 43 interval TPIW (J) for the next sector
are acquired and then buffered (step S406). [0058] Next, the VCM current
Is set to lvcm- ldelta (step $S407). Wiile this state is maintained, step
S408 is - performed to check whether theddctuator 5 is in contact wth the
crash stop 9. If the actuator 5 is.in contact wth the crash stop 9, step
S409 is perforned to check whether the read head R can detect a servo

pattern and propagilepP®10at,t @hRtati st,hehelprete R0Fdr @tritiing e read head
R can detect a servo pattern and propagation pattern, step $S410 is

performed 4Q3Gheck p‘éﬁ:&tel}%r, RevRAC HaRitRrnS &R pRfataoiP Hdtddred usi ng

the. servo pattern and propagation pattern. If such servo control can be

exercised ohfye 38l madfetdoMalisk BASRT aoRoYinEY Walth GRALlodntirgnal es.

if, on the other the actuator 51s not in contact with the crash

S0P O 11 5490 08 el ool bl (RPN, 3 1 3990 ol 1 e actuator o

returns (stép process 1s resunmed beginning with the Idelta

e AP he o A T BBk B SRR et 1
“ | 'berformed in accordance with servo control. FIG. 16 shows
'a state where propagation pattefns PQ to P7 are written._.
Fbr convenience of explanation, step S106 wiil also be
.describéd. |
First, the read head R];eads a ée:vo pattern that
'the write head W has already writtén.onto’the magnetic disk
2. Ih'accordance with the réad sefvo_pattérn, the actuator.
is servoed (stép S501). .Néxt,*tpéjtime interval TP1D (J)
between trigger patterns Tfl (J).is measured in the currént
track (step S502). Step S503 is_fhen performed to check
" whether TP1 (J) detection can be aéhieved.. If'TP (J)
detection cannot be achieved,:a defective sector is
rewritten in the process sﬁown in FIG. 10 and then the
control flow returns to step S502. If TP (J) detection is
achieved, on the other hand, the time difference.TPlD (J) -
d, Which is the diffefence between the time interval TP1D
(J) between the obtained trigger pgtterns TPl (J) and the
previously determined time difference d,'is set as the
timing delay TW (step S504).

[0060]



be exercised in step S410, the control flow returns to step S402 and
continues with the process. [0059] 44 Step S105, that is, the process for
witing a trigger pattern, servo pattern, and propagation pattern onto the
magnetic disk 2 in accordance with servo control wll now be described in
detail. FIGS. 14 and 15 are flowharts illustrating a self servo wite
process that is performed in accordancggswith servo control. FIG 16 shows
a state where propagation patterns POto P7 are witten.. For conveni ence
of explanation, step S106 wll also be described. First, the read head

R. d ' h I d jtt to th
magnetic di sk 2 NS ec RaSIEE BATKCERE Peda (40 35 p AR Bt @A at or
[ d t 01), , | [ | TP1 J) _.bet tri

pat torna. TS} A2 bimel Thicerlyaf rod, (T bfuak CebokrassF s cp %03

I's then perf t h whet her TRP1 (J) detection.can be achieved. |f
-%P (J) ge g%%?%ﬁsciggogsﬁelﬁcWF@ﬁ@EFda %e%&&?ﬂ@g b@éﬁ&FnV§eIW€M}i¥ten in

t he procesga hoyn i n FgG.tionand &hen the, control flowreturns to step

0 S502. If T E3¢tadpEoprdn 8" REftEYBAIEhSt A BEREPTREAd 1Nt FECHi de

dif erence, IR (Phat theBedlly' ' 15edL' (RLONSS ReLYESh the e interval
equivaient to a trigger pattern (TP) in a write track (step
S505). The time interval TP1D (J) between trigger patterns
TP1 (J) during the above write as well as the write time
interval TP1W (J) for the next sector aie acQuired.and then
buffered kstep.SSOG).

. [ooe1}

| Next, step S507 is performed at the time of a wfite
:to“cheok whether the trigger'patteranPl (J)faod the write
time interval TP1D (J) for the next sector are normal. If
they are not normal, the control fiow returos_to'steo S505.
If-they'are normal, on the other hand, the servo moves the

- magnetic head 4 to the next traok (step $508). Step'SSOB

ie then performed to check Whether the read head R is
positioned over the magnetic disk 2. 1If the read head R is
not positioned over the magnetic disk 2, step S510 is
performed to check whether a specified number of tracks
have been written. If the specified number of tracks have
already.been written, the whole self servo write process

terminates. If, on the other hand, the specified number of

tracks have not been written yet, the actual track pitch



(J) between the obtained trigger patterns TP1 (J) and the previously
determned tinme difference d, is set as the timng delay TW(step S504).
[0060] 45 Next, trigger patterns TP1 (J) are detected, and while the tine
interval TP1D (J) between the trigger patterns TPl (J) is neasured, a
trigger pattern/servo pattern/propagation pattern wite is perfornmed in
such a manner that the delay TWafter ulde track pitch TP1 (J) is
equivalent to a trigger pattern (TP) in a wite track (step S505). The
time interval TP1D (J) between trigger patterns TPl (J) during the above

wite as Webhr 2Ret BArvehte gnge k@bEQ}g T ector are
acquired and theﬁ bﬁffereg (sth 06) .ke[E%gg%%bxkgkfkthg§K§§%7

performed ftmpethse Hicietah i‘r%k%e tin @gg) }W&?ﬁ E’E’H tich %%gh-grggt ern

TP1 (J).and the wite "tine interval sect

nor nal . Iffokhﬁ¥i@iﬁ nQBenﬁégB% 1%Henﬁ§BEEObffk9Qbk§t rn%eEO Ste%dﬁggg 4 LL

they are norma he ot Servo noves t

thenext {sackchahen S90R) S 8Rc85 Real oHIER RECy 5540 check vhether

the read hea i oned over € mag ne

is not poébii?negngvgrseff QEQOSthflgésﬁs pe%%ggmgalaggln from the

beginning.

The state in which "the trigger pattern TP1 (J) is
normal” is a state whereithe AMP (J) value of the trigger
pattern TP1 (J) is normal and the written pattern is normal
so that timing signal'detectien_is achievable. Aas _ _.
described-earlier: the tfigger pattern.comprises a beriedic
signal named sync" and a fixed 51gnal named "sync mark -

ﬁThe trigger pattern cannot ‘be detected as a trlgger even.
when such a fixed 51gna1 portlon is locally defective or
otherwise faulty. |
[0062] |
| If the read head R is positioned 6ver'the magnetic
- disk 2 in step S509, step S512 is performed to check
whether the number of tracks is equal to an integer
multiple of a predetermined integer Ncal plus Noffs. If
the number of tracks is not equal to an integer multiple of
the predetermined integer Ncal plus Noffs, the control flow
returns to step S502 and continues with the process. If,
on the other hand; the number of tracks is equal to an

integer multiple of the predetermined integer Ncal plus



‘performed to check whether a specified nunber of tracks have been witten.
If the specified nunber of tracks have already been witten, the whole
self servo wite process termnates.. If, on the other hand, the specified
nunber of tracks have not been witten yet, the actual track pitch 46 for
the current self servo wite is determned fromthe nunber of witten
tracks, then the new track pitch requir for witing the specified nunber
of tracks is determined in accordance with the determ ned actual track
pitch (step S511), and a self servo wite is perfornmed again fromthe

begi nni ng. Nd¥Erst d i N ' r tterpg TP1 (J) is__normal” is a
state where thesg'A%Pé(]J%}a\l/gogg lost? %%éé%tgggd%&at‘pat f n"‘a‘é‘l‘g ("!J‘?ff% nor mal and
the witte ' or, S0 at_ tim signal detection is

achi evabl e?ezgé%reﬂ;{cér i%oed nermlzjir elrero,ft B;rFea“{)ﬁ d"_gét TEEPIhrigethe g

Pri gger patt ot EAE O o RIES L A N O or AT WIEAE S of Tthed
signal porti I,s_lacally defective or . otherwi se faulty. [0062] If the
read head klr%sr&e&?sl?‘ﬁn&#eén T h‘é’aﬂaéﬂé‘ﬁ dofdisok £o1 exampiess @9, step

S512 is perf(%rrred tQ check .whether the nunber of tracks is equal to an
i nt eger. etting of approximately 1000 is selected. '

[0063]

First, the read head.R is placed at a position that
is equivalent to P times (tﬁe'initial P value is 0) the |
integer Ncal (step S513). The PES is then set to -128 and
the head is mdved to the associated position (step S514).
_Next, a measurement pattern (MP) is written in an area
;ofher-than those for a trigger pattérn, éervb pattern, and

'.pfopagation pattern With'the timing different from thoge.
_fbr the trigger pattern; servo pattern, and propagation
patfern (step S515). It is_assuméd that the PES value for
writing the aboye meaéurement pattern MP is WPES. The read.
head R is then moved by Noffs (RWoffsét) and placed in the
Ncal + Noffs track (step S516). The measurement pattérn's
profile is measured while the PES (MPES) measured in the
resulting track is moved stepwise (step S517). The central
MPES of the measurement pattern corresponding to each WPES
is acquired and then buffered (step §518). Further, stép
5519 is performed so that WPES = WPES + DPES. The value
DPES represents a resolution step necessary for viewing the

measurement pattern profile and is an integer of 1 or



mul ti ple of a predeterm ned integer Kcal plus Noffs. If the nunber of
tracks is not equal to an integer multiple of the predeterm ned integer
Ncal plus Noffs, the control flow returns to step S502 and continues wth
the process. If, on the other hand, the nunber of tracks is equal to an
integer multiple of the predeterm ned integer Ncal plus 47 Noffs,
calibration is effected next. The valuey,Noffs represents the nunber of
tracks that corresponds to the read/wite offset RWffset. As the integer
multiple of the predeterm ned integer Ncal plus Noffs, for exanple, a

setting of I ma 1000.i.s selected. [0063] First, the read head Ris
pl aced at f%%gi%ﬁ'on%ﬁn&aéteq%iegté‘aui FHEPN 29 B & iBexfommed ity dheck val ue is
0) the in (st S . .The PES is then set to -128 and the head
i s moved t%ﬁgﬁéegﬁgégigFgﬁepg%%%i&ﬁ greatessthan 198kt | If ridwes wradnent |

pattern ( LS.Wwitten in_an ea _other than those for a trigger pattern,
servo pat?g%ﬁ? anRd™® r85§6§FF0%B68t9@ﬁn Wheh copd rolnifdgwdireftarmast o om

those for %he g&igger pattern, servo pattern, and propagation pattern
(step S5157-°Pt°SPé’agRAnEqnthnpesnyitbetheaprecess. WAL og tthe aitter
measur ement ﬁ@ttfén MP.is WPES. The read head R is then noved by Noffs
( RWof f set ) "aRA- pFagcYaine: KBESNE§| grepbersthanck2pst epef556R1 ke

neasurenent_Pgtter 's
performed so that P = P + 1.

[0064]

- Next, step S522 is.performed'to check whether the

. current calculation routine is reached for.the second or

subsequent time. If the calculation routine is not reached
for:the_second or subsequent time (is'reached for the first
time), ﬁhe'éontrol flow_diregtly_retu:ns.to.sfep 8502 énd
céht__inu'es with the procc_éss_. If_',_;ori..-lﬁihé.o"th.ér'- hand, the
'qalculation'routine is reached for théISecond or Subsequent'
ti@e, the WPES/MPES relationship for the last calculation |
';outine call is recalled from the buffer (step 5523).- The
relationship between the PES and fead head R is then
linearized in accordance with the previous WPES/MPES
relationship and current WPES/MPES relationship'(step S524).
Further, step S525 is performed on the basis of the
linearized PES to determine the PES positions for servo
write operations that are performed in various steps before
the calculation routine is called next. Then, the control
flow returns to step S502.

[0065]



profile is measured while the PES (MPES) neasured in the resulting track
is nmoved stepwi se (step S517). The central MPES of the neasurenent pattern
corresponding to each WPES is acquired and then buffered (step S518).
Further, step S519 is perforned so that WPES = WPES + DPES. The val ue
DPES represents a resol ution step necessary for viewi ng the neasurenent
pattern profile and is an integer of 1 ¢ 48 greater. Subsequently, step
S520 is perforned to check whether the value WPES is greater than 128. |f
the value WPES is not greater than 128, the control flow returns to step

- S515 and conti nues S%thBQ%S@rfﬂ:ig%%ed' f]pbo% th:@la[q:thg%rlp tglaeg%;otf %%[%%Jbo%e WPES

is greater than 128, Step pertormed soO

Next, ste Lsiner . r.t ent | cul atj on
routine i E l?éé%ﬁg?ilp §r ftp%gg g&%‘%%gg%r?ﬁp\gﬁggg%&&{lﬁ% r%gsf PG tcif Ccdi ation
the frst PERURCAETE nolbe UBsBRARRA I JEFRTI e Fub- Toeg St05 and
conti nues wi he, ptocess. _Lf Qn.: - other hand, the calculation
routine is¥?éggh35FFﬁgiyﬁirgé&gﬁasgﬁpsﬁgggQUent time, the WPES/ MPES
relationship for tpe Igst caliulation routine call is recalled fromthe
buffer (step S523)FiFRE- ABESIPAnifi PSSt he&nthee "MBESandWPES] Nedder is

t hen .
: derived from each measurement (step S601). Next, APES for
the current measu:ement is compared against APES for the
' previous measurement to determine the value AWPES that
satisfies the following expression and is along the WPES
axis (step S602):. |
 APES[P](WPES + AWPES) - APES[P-1](WPES) =-AWPE_S:'

Here, Fhe physiqal value bf.Noffs remains cbnstaﬁf

'félative to P x Ncal. However, the”valué itseif varieé: |
from one P value to anothér. When it.iS'expressed as
Noffs[P], AWPES repreSents the reSﬁlt of ‘its measureméht.
Therefore, the following expressibn.is solved (step S603):

f'(WPES + AWPES/Z)_= (Noffs[P] - Noffs[P-
11)/(AWPES[P] - AWPES[P-1])

Then, the derived function of the above expression
is determined by solving the following expression (step
S604):

f'(WPES + AWPES/Z) = [[£'(WPES + AWPES/Z)]d(WPES +
AWPES/2)

Thus, both can be linearized.

[0066]



| i nearized in accordance with the previous WPES/ MPES rel ati onshi p and
current WPES/ MPES rel ationship, (step S524). Further, step S525 is
performed on the basis of the I|inearized PES to determ ne the PES
positions for servo wite operations that are perforned in various steps
before the calculation routine is called next. Then, the control flow
returns to step S502. [0065] 49 Step Sg34 nentioned above, that is, the
process for linearizing the relationship between the PES and the read head
Rw Il now be described in detail. FIG 16 is a flowhart illustrating

t S524. Fi t, ESEE] d "NP ES" | d df
Zagﬁ neasureh;zt (ggegh ?%Sgﬁg éH%&dﬁ% %ﬁ? %ﬁ§rﬁuﬁ¥3§§%ﬁuiﬁéXf |sr0m
d ARE det th |
AVPES { hat PeEEpreR Fol %BSP%ﬁ SReg ZP@%@ 3??%61"% é‘eal“fﬂgte e e | axi s
t S602 APES]. AWPES PES[ P- = AWPES He th
éﬁngcal E eggfgﬁ%$¥P§ eﬁfn Qﬁ§ &Rta[ﬁépgﬁ étpE@ﬁ@ﬁﬂn Lgﬁbves

t he value LtS h ries lue_to another When it is expressed

as Nof fs[PF, °F8pP8§§ﬁgéetﬁ8 F8§GF910F Ptgoﬁéééﬁpeﬁﬁhﬂhe Ther ef or e,

the follow ng expressiqQn,is _solv step S603)
ma&ne%gc ea8 ?read g gd R/wrlte head W) with increased

- accuracy.
Particularly, if propagation occurs in the radial
direction of the magnetic disk 2 while a self servo write
is performed using the same PES value at all tiﬁes, the
_ track'pitch varies due to the skew of the actuator 5. It
is therefore preferable that the abo&e expressions be used
to determine the PES value for each step so as to provide a
constant track pitch.- - o |
| The above method for controlling the'pdsition §f
the magnetic head 4, that.is; the contfol method defining
thé relationship between the PES and the.phyéical position
of ‘the magnetic head 4 can be appliéd not only to a self
servo write process but also to an actual use after com
[0067]
Finally, the relationship between the PES and the
read head R will be described in detail.
When the physical position of the read head R over
the magnetic disk is y (um) and the resulting magnitude of
the PES (position error signal) is x (PES), the

relationship between the read head R and the PES is as



f' (WPES + AWPES/ 2) (Noffs[P] - Noffs[P- 1])/(AWPES[P] - AWPES[P-1]) Then,
the derived function of the above expreSS|on S detern1ned by solving the
foll ow ng expression (step S604): f'(WPES + AWPES/2) = f[f' (WPES +
AWPES/ 2) | d(WPES + AWPES/ 2) Thus, both can be Iinearized. [0066] 50 1In
the present enbodi nent, the above process is perfornmed to ensure that the
position of the wite head W can be identified even within a single burst
pattern. It is therefore possible to control the position of the magnetic
head 4 (read heard RRwite head W mﬁth i ncreased accuracy. Particularly,.

| _propagatinls ac sid 14 {AYS . didartdon ok ey rmg;g:%;,gl gisk 2 while

a self servo wite 1is perforned u3|ng t

track pitche/ads t the tuat : s. therefore
pref erabl e t hat ﬁ% ove expr HIARIE éoe us 1g"%llét ‘Hél?"l‘n%e@ES val ue

for each s%%gogp as to provi de a const ant track pitch. The above nethod
for controlling the position of the magnetic head 4, that is, the control

met hod defi ni ng x = £(y)

In the magnetic head 4 used forlthe present
embodiment, the read head R and the write head W are at
different positions so that the read/write offset RWoffset
ekists. Only the positions of the read head R and write |
head W within tracks are of interest. Although the fead
head R ahd the.write'head W are actually positioned on
different tracks, the distance between the end of a track
:and_the head is examined and it is assumed that the read
head R and the write head W are on the same track. |
[0068] o

If the result shown in FIG. 17 (b) is obtained when
the read head R is placed at a certain p051tion X3, the
write head W is at position xl. When it is assumed that
these two heads are on the same track, the RWoffset value
is Zt .To determine the position of the write head W, the
write head W performs a write while the read head R is at
position xo, and then the read head R determines the
position at which the information written by the write head
W exists.

Within the same track, it_can be said that the

value Z is adequately constant. However, its measurement



the rel ati onship between the PES and the physical position of;the nmagnetic
head 4 can be applied not only to a self servo wite process but also to
an actual use after com [0067] Finally, the relationship between the PES
and the read head Rw Il be described in detail. Wen the physical
position of the read head R over the magnetic disk is y (nm) and the

resul ting magnitude of the PES (positiga error signal) is x (PES), the

rel ati onship between the read head R and the PES is as 51 indicated in
FIG 17 (a). Mre specifically, x and y can be expressed as a function for

each ot her ihadi l, Qw. = f I.n 1.he magnet.i c _head 4 used for
the pr esentégg%go?%%%&t#ﬁg%ﬁé’gé °§asd(n>llg)tar‘?d“ilrﬁ§%i thédd Ware at

di fferent Qgﬁ%&'ng so that the read/wite offset RWffset exists. Only
the positions of the read head R and wite head Wwithin tracks are of
interest. Although_the_read,Z head R and the wite head Ware actually
posi tioned on di f Ferefft fr¥tks, the distance between the end of a track
.and the head is eﬁﬁnine and it is assuned that the read head R and the

wite head Ware on*th&3sHfe % t§cR*¥PE6FSSE as a function of x.
[0069] | |

‘The read/write offset RWoffset varies with the .
lradial position over the magnetic disk 2; Thereforé, the
reéd/write offset RWoffset is Z' at a different positibn.

Ay = 2 - 7 | |

When it is assumed that the above expression holds
true,'it.is obvious that Ay is constént because.the
read/wrife qffset-RWoffset is adequately consfaht within
fhé éamé_track}ﬁ Meénwhile, Ax, whidh is the regult of”PES;
based -measurement of Ay, is not conétant bééause the
.expression x = f(y) doés not represent a straight lihe.
[0070] |

Ax can be determined if the positional relationship
shown in FIG. 17 (c) exists between the r(x) measurement
results that are obtained when the read/write offset
ﬁWoffset is Z and 2°'.

[0071]
[Mathematical 1]
f’l(xo')+R'=f'l(xo)+R

[0072]



If the result shown in FIG 17 (b) is obtained when the read head Ris

pl aced at a certain position x1, the wite head Wis at position x1. Wen
it is assunmed that these two heads are on the sane track, the RWffset
value is Z To determne the position of the wite head W the wite head
Wperforns a wite while the read head "R is at position x0 and then the
read head R determ nes the position at ghich the information witten by
the wite head Wexists. Wthin the same track, it can be said that the
value Z is adequately constant. However, its neasurenment 52 result

presented bel ow do tiyd N ty = x1 - xo The
value z is expressglglagg lszﬂ"rﬁ?‘n o%%tltsmﬁﬁ*ﬁ]@%roé’fdlwacté% flfet

RWf fset vgy %§tgg% adlal 03| ion over the magnetic disk 2.
Therefore, rea &0 f's8F QW}F‘P§& withy FIG. d7i(er dm qsasitte on.
Ay = Z - szé@3¥h1déd s assuned that the above expression holds true, it is
obvious that Ay I's constant because the read/wite offset RWffset is

adequat el y const an%l\ﬂl t hlan tag{eiss% track.. Meanwhile, Ox, which is the
result of PES- . Y- Ue cannot be obtained, it is

determined using an x-axis value. The value r(x) for R' is

determined in the same manner as for r(#). In this

instdnce, Xo and xo'_satisfy the following expression:

Xo + r(Xe) = Xo' + r'(xo')

| FIG. 18 illustrates the above  expression.

[0073] |
Thus, the slope of x = f(y) at the cﬁrrent positioh

is determlned from the. ratio between Ax and Ay.

[0074]
"[Mathematical 2]
£ (Yo)=.(xo'-xo)/_AY
[0075]
Thus, the above difference equation is obtained.
The measurement point furnishes x-axis information
only. Therefore, when the above expression is modified to

express the function of x, the following is obtained:

[0076]

[Mathematical 3]

f"l(xo)= Ay /(x0'-x%0)
{0077]



based. neasurenent of Ay, is not constant because the .expression x = f(y)
does not represent a straight line. "[0070] Ax can be determned if the
positional relationship shown in FIG 17 (c) exists between the r(x)
measurenent results that are obtained when the read/wite offset RWffset
is Z and V. [0071] [Mathematical 1] f(x0')+R =f-1(xo)+R [0072] 53 That
I's, when xo0' satisfying the above equati®h is determned for xo in
accordance with FIG 17 (c), Ax can be determ ned. Since a y-axis value
cannot be obtained, it is determ ned using an x-axis value. The val ue r(x)

for R is detern natkr ntHd et Ereeriierésul ©ris (Fropéhly hbBocé§séance, xo
and xo' satisfy the follow ng expression: xo + r(xo0) = xo0' +r' (x0" ) FIG

18 illustrai@sedfieabate MdutesHl WE x [T 3nddesatide 54 0perobrifed (V)

at the current position is determned fromthe ratio between Ax and Ay.
[ 00. 74] with respect to x, the target function can be obtained.

[0078]
[Effects of the Invention]

As described abo&e, the present invention makes it
possible to perform a seif servo write by using the
‘hardware of a data storage device whén there is no pattern
on a disk-type storage medium. Fﬁfther;'fhe bresent
invention can exercise head position control with enhanced
accﬁraCy.

_[Briéf Description of the Drawings]
[FiG.:i]
FIG. 1 is a block diagram that 111ustfates'major
C6mponenté of a hard disk drive.
[FIG. 2]
| FIG. 2 is a top view that illustrates the major
compohents of the hard disk drive.
[FIG. 37
FIG. 3 is an enlarged view of a position
information storage area and a data storage area, which are
formed on a surface of a magnetic disk.
[FIG. 4]
FIG. 4 is a flowchart illustrating a self servo

write process.



[ Mat hermatical 2] f'(Yo)(xo' -xo0)/Ay [0075] Thus, the above difference
equation is obtained. The neasurenent point furnishes x-axis information
only. Therefore, when the above expression is nodified to express the
function of x, the following is obtained: [0076] [Mathematical 3] f' (x0)=
Ay / (x0' -xo0) [0077] 54 \Wen the neasH ement result is properly
processed to express the function of x a integration is performed wth
respect to x, the target function can be obtained. [0078] [Effects of the
I nvention] As described above, the present invention makes it possible. to
performa selfreerv]wite by using the hardware of a data storage device
when there is no pattern on a disk-type storage nedium Further, the

Bccuracy. [Briel Deocrs oty oo P CRE TS o Tods P (feng" ' Sesigances
patterns, and propagation patterns that are to be written
on a surface of the magnetic disk.

[FiG. 6]

FIG. 6 is a flowchart illustrating the process

that is performed to determine the track pitch.
[FIG. 7] _

FIGS. 7 (a) and 7 (b).illustrate a state where

propagation bursts are written on the magnetic disk.
[FIG. 8]

FIG. 8 is a flowchart illustrating_the procesé for

determinihg the trigger pattefh write time differenée. |
[FIG. 9] |

FIG. 9 is a fldwchart (continued) illustrating the
process for determining the trigger pattern write time.
. difference.

[FIG. 10]

FIG. 10 is a flowchart (continued) illustrating
the process for determining the trigger pattern write time
difference.

[FIG. 11]
-FIGS. 11 (a), 11 (b), and 11 (c) are diagrams

illustrating the trigger pattern write method that is



FIG 1 is a block diagramthat illustrates major conponents of a hard disk
drive. [FIG 2] FIG 2 is atop viewthat illustrates the nmjor conponents
of the hard disk drive. [FIG 3] FIG 3 is an enlarged view of a position

i nformati on storage area and a data storage area, which are forned on a
surface of a magnetic disk. [FIG 4] FI 4 is a flowhart illustrating a
self servo wite process. 55 [FIG 51°FIG 5 illustrates trigger
patterns, servo patterns, and propagation patterns that are to be witten
on a surface of the magnetic disk. [FIG 6] FIG 6 is a flowhart

i |lustrati emplbgedr aaessg that préceesf goredeterdanany e Reilggagk pitch.
[FIG 7] FIGS. 7 (a) and 7 (b) illustrate a state where propagation bursts

are wittepatterhewth@Betimedasfferkhbe. 8] FIG 8 is a flowhart
iIIustrating. t he process for
[FIG. 12]
FIGS. 12 (a) and 12 (b) are diagrams (continued)
illustrating fhe triggér pattern write method that is
.employed during the process for determining the trigger
pattern write time difference..
[FIG. 13]

FIG. 13 is a flowchart illustrating a self servo
write process that is performed in accordance with VCM
current control.

[FIG. 14]

FIG. 14 is a flqﬁchart illustrating a self servo
write process that is performed in accordance with servo
control.

[FIG. 15]

FIG. 15 is a flowchart (continued) illustrating a
self servo write process that is performed in accordance
with servo control.

[FIG. 16]

FIG. 16 is a flowchért-illustrating the process

for linearizing fhe relationship between the PED and the

read head position.

[FIG. 17]



determining the trigger pattern wite tinme difference. [FIG 9] FIG 9 is
a flowhart (continued) illustrating the process for determning the
trigger pattern wite tine .difference. [FIG 101 FIG 10 is a flowhart
(continued) illustrating the process for determining the trigger pattern
wite time difference. [FIG 11] FIGS. 11 (a), 11 (b), and 11 (c) are
diagrams illustrating the trigger patt&/n wite method that is 56

enpl oyed during the process for determning the trigger pattern wite tine
difference. [FIG 12] FIGS. 12 (a) and 12 (b) are diagrans (conti nued)
illustrating the triRggs. pat t(@)n Wi t@@)netdmdl 1hatc) sarengptapesl during the
process for determning the trigger pattern wite tinme difference. [FIG
131 FIG 13lmstddtamhate ipdotssatidly 1amslri Sigig ahavid Baisiedissp that is

performed in accordance with VCM current control. [FIG 14]
between the PED and the read head position.
[FIG. 18]

FIG. 18 is a graph (continued)-illustrating the
process for linearizing the relationship befween the PED
énd thé read head position.

[Desqription of the Symbols]
1: Hard disk drive |
2 Mégnetic_disk
3:'Spind;e motor

4 Magnetic head

5: Actuator

6: VCM

7: VCM driver
8: DAC |

9: Crash stop

10: Preamplifier

11: Read/write channel

lla: Clock
12: MPU
13: HDC
14: ROM
15: RAM

20: Track



FIG 14 is a flowhart illustrating a self servo wite process that is
performed in accordance with servo control. [FIG 15] FIG 15 is a

flomchart (continued) illustrating a self servo wite process that is
perfornmed in accordance wth servo control. [FIG 16] FIG 16 is a '
flowchart illustrating the process for linearizing the relationship

bet ween the PED and the read head positiérm [FIG 17] 57 FIGS 17 (a), 17
(b), and 17 (c) are graphs illustrating e process for linearizing the '
rel ationship between the PED and the read head position. [FIG 18] FIG 18

is a graph fcon| d).i.llustrating the process for linearizing the .
rel ati onshizé)l 'bgdm%gﬁc’z%el"ﬁléﬁm It 5 orage 19Ee® position. [Description of

t he Symnbol JHard disk drive 2: Magnetic disk 3: Spindle nmotor 4:
Magne%/i c hg]élzd Joata storage area g P

40: Servo track
50: Data track
R: Read head

W: Write head



.5: Actuator 6: VCM7: VCMdriver 8: DAC 9: Crash:stop 10: Preanplifier
11: Read/wite channel h a : Cock 12: MPU 13: HDC 14: ROM 15: RAM 20:
Track 58 21: Position information storage area 22: Data storage area 40:
Servo track 50: Data track R Read head W Wite head 59 Drawings FIG 1
7: VCM DRI VER 10: PREAMPLI FI ER

59

Drawings

FIG. 1

7: VCM DRIVER

10: PREAMPLIFIER

3: SPINDLE MOTOR | o ‘

11A: CLOCK

FIG. 3
RADIAL DIRECTION

CIRCUMFERENTIAL DIRECTION (DIRECTION OF MOTION)

FIG. 4
_SlOl: DETERMINE THE TRACK PITCH
“8102; DETERMINE THE TRIGGER PATTERN WRITE TIME DIFFERENCE
S103: WRITE A TRIGGER PATTERN, SERVO PATTERN, AND
PROPAGATION PATTERN IN ACCORDANCE WITH VCMlCURRENT CONTROL
5104: SERVO-CONTROLLABLE?
S105: WRITE A TRIGGER PATTERN, SERVO PATTERN, AND
PROPAGATION PATTERN IN ACCORDANCE WITH SERVO CONTROL
S106: TRACK COUNT EQUAL TO AN INTEGER MULTIPLE OF Ncal PLUS
"Noffs?

S107: SPECIFIED NUMBER OF TRACKS WRITTEN?

FIG. 5

RADIAL DIRECTION



3: SPINDLE MOTOR 11A: CLOCK FIG 3 RADI AL DI RECTI ON Cl RCUMFERENTI AL

DI RECTI ON (DI RECTION OF MOTION) FIG 4 5101: DETERM NE THE TRACK PI TCH
S102: DETERM NE THE TRI GGER PATTERN WRI TE TI ME DI FFERENCE S103: WRI TE A
TRI GGER PATTERN, SERVO PATTERN, AND PROPAGATI ON PATTERN | N ACCORDANCE W TH
VCM CURRENT CONTROL S104: SERVO- CONTROLLABLE? S105: WRITE A TRI GGER
PATTERN, SERVO PATTERN, AND PROPAGATI G50 PATTERN | N ACCORDANCE W TH SERVO
CONTRCL S106: TRACK COUNT EQUAL TO AN | NTEGER MULTI PLE OF Ncal PLUS Noffs?
S107: SPECI FI ED NUMBER OF TRACKS WRITTEN? FIG 5 RADI AL DI RECTI ON 60

Cl RCUMFERENFRA DLR | F 201: MOVE THE
MAGNETI C HEAD % AI%BE%E?NTg PHE mﬁﬁiﬁ I@%QF P‘&?gﬂu ZE THE
PROPAGATI ON BURST SLOT NUMBER TO 0 S204: WRI TE A PROPAGATI ON BURST SLOT
NUVBER S205: READ THE WWRI TTEN PROPAGATI ON BURST W TH THE RWC S

FIG. 6

S5201: MOVE THE MAGNETIC HEAD (ACTUATOR) TO THE CRASE STOP
S203: INITIALIZE THE PROPAGATION BURST SLOT NUMDER TO 0
S204: WRTTE A PROPAGATION BURST SLOT NUMBER |
S205: READ THE WRITTEN PROPAGATION EURST WITH THE RWC'S
BURST DEMODULATIQN FUNCTION | -
S5206: AN AMPLITUDE OF THREE OR MORE SLOTS-CONFIRMAELE?

. S208: DETERMINE TEE TRACK-PITCH FROM THE_AMPLITDDES.OF'THE
FIRST AND THIRD PROPACATION BURSTS | .
S209 TRACK PITCH WITHIN A PROPER RANGE°

_ SZiZ_-DETERMINE Idelta AND Ioffset, WHICH CCRRESPONDS TC
RWoffset
-8210:-ADJUST.Tdelta
S213: ERASE THE PROPAGATION BURSTS WHILE MOVING THE
MAGNETIC HEAD (ACTUATOR) TOWARD THE CRASH STOP
'S211: ERASE THE PROPAGATION BURSTS WHILE MOVING THE

MAGNETIC HEAD (ACTUATOR) TOWARD THE CRASH STOP:
FIG. 9 (A4)
RADIAL DIRECTION

CIRCUMFERENTIAL DIRECTION

FIG. 9 (B)



BURST DEMODULATI ON FUNCTI ON S206: AN AMPLI TUDE OF THREE OR MORE SLOTS

CONFI RMABLE? S208: DETERM NE THE TRACK PI TCH FROM THE AMPLI TUDES OF THE

FI RST AND TH RD PROPAGATI ON BURSTS S209: TRACK PI TCH WTHI N A PROPER RANGE?
5212.: DETERM NE ldelta AND |offset, WH CH CORRESPONDS TO RWffset S210:
ADJUST I|delta S213: ERASE THE PROPAGATI ON BURSTS WHI LE MOVING THE MAGNETI C
"HEAD ( ACTUATOR) TOMARD THE CRASH STOP &P11: ERASE THE PROPAGATI ON BURSTS
VH LE MOVI NG THE MAGNETI C HEAD ( ACTUATOR) TOMARD THE CRASH STOP FIG 9 (A)
RADI AL DI RECTI ON Cl RCUMFERENTI AL DIRECTION FIG 9 (B) 61 . RADI AL

DI RECTI ON RAREANFERRRFLAbD! RECTION FIG 8 S303: WRITE TP1, CO AT A
POSI TION THAT |'S OBTAI'NED BY DI VIDING THE Cl RCULAR DI SK SURFACE | NTO MBECT

ok PR AT (3, L T () e e

FIG. 8

S303: WRITE TP1, CO AT A POSITION THAT IS OBTAINED BY
DIVIDING THE CIRCULAR DISK SURFACE INTO MSECT EQﬁAL
SECTIONS |

$305: MEASURE THE AMP (J) OF WRITTEN TP1 (J) AND THE TIME
INTERVAL TPD1 (J) BETWEEN TP1S (J = 0 TO Msect)

$306: AMP (J) AND TPD1 (J) PROPER?

S307: MOVE THE MAGNETIC HEAb (ACTUA&OR) TOWARD THE CRASH .
STOP WHILE ERASING THE WRITTEN TP1

S309: WRITE TP1l, CO WITH THE WRITE TIMING CHANGED

FIG. 9

S310: ADJUST Ivcm TO REPOSITION THE READ HEAD SO THAT IT

READS THE INNERMOST X% OF CLUSTER K TP1 (J)

S312: CHECK WHETHER TP2 (J) OF CLUSTER K-1 AND TP3 (J) OF
CLUSTER K CAN BE BOTH READ

$316: WRITE TPl (J+1) OF CLUSTER K+1

S313: TIME DIFFERENCE m MEASURABLE?

S314: CORRECT THE TP1W VALUE IN ACCORDANCE WITH THE TIME

DIFFERENCE m

S315: WRITE TP1 (J+1) AND TP3 (J+1) OF CLUSTER K+1

S318: WRITE TP1 (J+1) OF CLUSTER K+1



S306: AMP (J) AND TPDL (J) PROPER? S307: MOVE THE MAGNETI C HEAD ( ACTUATOR)
TOMRD THE CRASH STOP WHI LE ERASI NG THE WRI TTEN TP1 S309: WRI TE TP1, CO

W TH THE WRI TE TIM NG CHANGED FIG 9 S310: ADJUST |vcm TO REPCSI TI ON THE
READ HEAD SO THAT I T READS THE | NNERMOST X% OF CLUSTER K TP1 (J) S312:
CHECK WHETHER TP2 (J) OF CLUSTER K-1 AND TP3 (J) OF CLUSTER K CAN BE BOTH
READ S316: WRI TE TP1 (J+1) OF CLUSTER KtJ, S313: TIME DI FFERENCE m
MEASURABLE? S314: CORRECT THE TP1W VALUE | N ACCORDANCE W TH THE TI ME

DI FFERENCE m S315: WRI TE TP1 (J+1) AND TP3 (J+1) OF CLUSTER K+1 5318:

WRI TE TP1 (L TER K+1 62 . S319: AMP (J) AND TP1D (J) PROPER? S320:
READ HEAD g%an gﬁ’g‘/‘lﬁ %ﬁ@ 6]511%R|\96§TP f@\lRSFADSc_LrHETIEENE; Ngg 1 x (yAgJF ugl
| vem TO RERQS!TI H SO THAT | b

(J) OF CLU :K%E%A$€g$&%0§ﬁhﬁTAWET@?T@WTUSEQ_MQFEI@HG1 S323:
AVP (J) ANBA"H%%%Q(% PROPER? FIG. 10 S325:.RETURN TO A TRACK WHERE A
DEFECTI VE S

S321: ADJUST Ivcm TO REPOSITION THE READ HEAD SO THAT IT
READS THE INNERMOST X% OF TP1 (J) OF CLUSTER K
'+ §322: WRITE TPl (J+1) AND TP2 (J+1) OF CLUSTER K+1

S323: AMP (J) AND TP1D (J) PROPER?

FIG. 10
$325: RETURN TO A TRACK WHERE A:DEFECTIVE-PATTERN WAS
WRITTEN WHILE ERASING ALL PATTERNS IN A DﬁFECTIVE SECTOR
5326:.REWRITE THE AFFECTED~SECTOR WHILE DETECTING TP1D (J)
§327: ExERCISE SERVO CONTROL:TO.MOVE THE'READ'HEAD-TQ THE
NEXT SECTOR |
~ $328: READ HEAD POSITIONED AT A_PLACE'WHERE.TﬁE DEFECTIVE
SECTOR EXISTED?
S329:. TP, SP, AND PP DETECTABLE?
S330: RETURN THE READ HEAD TO A SECTOR WHEkE A DEFECTIVE
PATTERN WAS WRITTEN
S$331: DETECT TP1 (J), WRITE TPl (J) IN A DEFECTIVE SECTOR
WITH DELAY TWMD, WHICH DIFFERS FROM TW, WHILE MEASURING
TP1D (J), AND ACQUIRE AND THEN BUFFER TPID (J) AND TP1MD
PREVAILING DURING A WRITE
S332: RETURN THE READ HEAD TO A TRACK WHERE THE DEFECTIVE

SECTOR EXISTED



VRI TTEN WHI LE ERASI NG ALL PATTERNS | N A DEFECTI VE SECTOR S326: REWRI TE THE
AFFECTED SECTOR WHI LE DETECTI NG TP1D (J) S327: EXERCI SE SERVO CONTROL TO
MOVE THE READ HEAD TO THE NEXT SECTOR S328: READ HEAD PCSI TI ONED AT A
PLACE WHERE THE DEFECTI VE SECTOR EXI STED? S329: TP, SP, AND PP DETECTABLE?
S330: RETURN THE READ HEAD TO A SECTOR WHERE A. DEFECTI VE PATTERN WAS

WRI TTEN S331: DETECT TP1 (J), WRI TE TP163J) IN A DEFECTI VE SECTOR W TH
DELAY TWWD, WHI CH DI FFERS FROM TW WH LE MEASURI NG TP1D (J), AND ACQU RE
AND THEN BUFFER TP1D (J) AND TP1IMD PREVAI LI NG DURING A WRI TE S332: RETURN
THE READ HEAD TO A TRACK WHERE THE DEFECTI VE SECTOR EXI STED 63 FIG 13
S401: ADJUST |Ivem TO RETURN TO THE | NNERMOST AREA OF THE PRECEDI NG CLUSTER
S402: MEASHRE T4 (J) TIME I NTERVAL TP1D (J) IN THE CURRENT TRACK S403:
TP1 (J) DETECTABLE? S404: SET "TP1D (J) - D' AS TI M NG DELAY TW 5405:

DETECT TPl A0y Ty T i8PetihG S onn/ iberGOP ARAIC JF Yk ) SO

THAT TW AFTER TP1 (J). 1S EQU VAL
PRECEDING CLUSTER

$402: MEASURE TP1 (J) TIME INTERVAL TP1D (J) IN THE CURRENT

TRACK

S403: TP1 (J) DETECTABLE?

S404: SET "TP1D (J) - D" AS TIMING DELAY TW

S405: DETECT TP1 (J) AND WRITE A' TP, SP, AND PP, WHILE

MEASURING TP1D (J), SO THAT TW AFTER TP1 (J) IS EQUIVALENT

TO A TP IN A WRITE TRACK |

~ 5406: ACQUIRE AND BUFFER TP1D (J) FOR A WRITE AS WELL AS

. TP1W (3 . g :

S408: ACTUATOR IN CONTACT WITH THE CS?

S409: SP AND PP DETECTABLE?

S411: ERASE THE WRITTEN PATTERNS WHILE RETURNING

S410: ACTUATOR SERVO-CONTROLLABLE?

FIG. 14

5501: SERVO THE ACTUATOR WITH THE SP-.

S502: MEASURE TP1 (J) TIME INTERVAL TP1D (J) IN THE CURRENT
TRACK

S503: TP1 (J) DETECTABLE?

S504: SET "TP1D (J) - D™ AS TIMING DELAY TW



TO A TP IN A WRI TE TRACK S406: ACQUI RE AND BUFFER TP1D (J) FOR A WRI TE AS
VELL AS TP1W (J) S408: ACTUATOR | N CONTACT WTH THE CS? S409: SP AND PP
DETECTABLE? ‘S411: ERASE THE WRI TTEN PATTERNS WHI LE RETURNI NG S410:
ACTUATOR SERVO- CONTROLLABLE? FI G 14 S501: SERVO THE ACTUATOR W TH THE SP
S502: MEASURE TP1 (J) TIME I NTERVAL TP1D (J) I N THE CURRENT TRACK S503:
TP1 (J) DETECTABLE? S504: SET "TP1D (J)eg D' AS TI M NG DELAY TW 64 S505:
DETECT TP1 (J) AND WRITE A TP, SP, AND PP, WHILE MEASURI NG TP1D (J), SO
THAT TW AFTER TP1 (J) IS EQU VALENT TO A TP IN A WRI TE TRACK S510:

SPECI FI ED R QY TTEN? S506: ACQUI RE AND BUFFER
TP1D (J-) E’% \@:@%LL Aé%%{%%y\ 11 SEoA AR B, AHELR TRACK

Pl TCH FROM\THE. ] | TTEN _TRACKS S507: TP1 (J) AND TP1D (J) NORVAL?
5508: WE%%%@F%@EBM G HRFE WHod: I READ BRUMY BRI ONED
OVER THE MyNETLG DS WRITE TRACK

S510: SPECIFIED NUMBER OF TRACKS COMPLETELY WRITTEN?

$506: ACQUIRE AND BUFFER TP1D (J) FOR A WRITE AS WELL AS
TPIW (J) |

§511: CALCULATE A NEW TRACK PITCH FROM THE NUMBER OF
WRITTEN TRACKS

$507: TP1 (J) AND TP1D (J) NORMAL?

S508: MOVE TO THE NEXT TRACK BY MEANS OF SERVO

$509: READ HEAD posxTxonED OVER THE MAGNETIC DISK?

§512: TRACK COUNT EQUAL TO AN INTEGER MULTIPLE oF_Néal PLUS

Noffs?

FIG. 15

S513: PLACE THE READ'HEAD.AT A POSITION THAT IS EQUIVALENT

TO P TIMES (INITIAL.VALﬁE = 0) Ncal

S515: WRITE AN MP WITH THE TIMING DIFFERENT FROM THOSE FOR

THE TP, SP, AND PP

S516: MOVE THE READ HEAD BY Noffs TO PLACE IT IN THE Ncal +
Noffs TRACK

SSl7:IMEASURE THE MP'S PROFILE WHILE MOVING THE PES (MPES)

MEASURED IN THE RESULTING TRACK STEPWISE

S518: ACQUIRE AND BUFFER THE CENTRAL MPES OF THE MP

CORRESPONDING TO EACH WPES



S512: TRACK COUNT EQUAL TO AN | NTEGER MULTI PLE OF Ncal PLUS Noffs? FIG 15
S513: PLACE THE READ HEAD AT A POSI TION THAT IS EQUI VALENT TO P TI MES
(I'NITIAL VALUE = 0) Ncal S515: WRITE AN MP WTH THE TI M NG DI FFERENT FROM
THOSE FOR THE TP, SP, AND PP S516: MOVE THE READ HEAD BY Noffs TO PLACE I T
I N THE Ncal + Noffs TRACK S517: MEASURE THE MP'S PROFI LE WHI LE MOVI NG THE
PES (MPES) MEASURED I N THE RESULTI NG BRACK STEPW SE S518: ACQUI RE AND
BUFFER THE CENTRAL MPES OF THE MP- CORRESPONDI NG TO EACH WPES 65 S522:
SECOND OR- SUBSEQUENT TI ME? S523: RECALL THE PREVI QUS WPES/ MPES RELATI ONSHI P

FROM THE &6B5ERSEEEHD bR I\%@ﬂwﬁ k3| ONAL RELATI ONSHI P BETWEEN THE
PES AND READ HEAD I N ACCORDANCE W TH THE PREVI OQUS WPES/ MPES  RELATI ONSHI P

AND CURRE E Ty y I S FCR
SERVO R TE - CPESATT RS o B PEALAED: (T VAR pbr oS ey RO B

THE LI NEARyipPES FI G 16 S601 'EXPRESS THE MPES- WPES RELATI O\ISHI P FO?
EACH

)
T,

S524: LINEARIZE THE POSITIONAL RELATIONSHIP BETWEEN THE PES
AND READ HEAb IN ACCORDANCE WITﬁ THE'PREVIOUS WPES/MPES
RELATIONSHIP AND CURRENT WPES/MPES RELATIONSHIP
S525$_DETERMINE THE PES POSITIONS fCR SERVO WRITE

- OPERATIONS TO BE PERFORMED IN VARIOUS STEPS ON THE BASIS OF

THE LINEARIZED PES

CFIG, 16
S601: EXPRESS THE MPES- WPES RELATIONSHIP FOR EACH
H:MEASUREMENT AS INDICATED BELOW
APES[P] = MPES - WPES
S602: COMPARE APES FOR THE CURRENT MEASUREMENT AGAINST APES
FOR THE PREVIOUS MEASUREMENT TO DETERMINE THE VALUE AWPES
THAT SATISFIES THE FOLLOWING_EXPRESSION AND IS ALONG THE
WPES AXIS: | |
APES[P](WPES + AWPES) - APES[P-1](WPES) = AWPES
S603: THE PHYSICAL VALUE OF Noffs REMAINS CONSTANT RELATIVE
TO P X Ncal. HOWEVER, THE VALUE ITSELF VARIES FROM ONE P
VALUE TO ANOTHER. WHEN IT IS EXPRESSED AS Noffs[P], AWPES
REPRESENTS THE RESULT OF ITS MEASUREMENT. SOLVE THE

FOLLOWING EXPRESSION:



MEASUREMENT AS | NDI CATED BELOW APES[P] = MPES - WPES S602: COMPARE APES
FOR THE CURRENT MEASUREMENT AGAI NST APES FOR THE PREVI OUS MEASUREMENT TO
DETERM NE THE VALUE AWPES THAT SATI SFI ES THE FOLLOW NG EXPRESSI ON AND | S
ALONG THE WPES AXI S: APES[ P] (WPES + AWPES) - APES[ P-1] (WPES) = AWPES S603:
THE PHYSI CAL VALUE OF Nof fs REMAI NS CONSTANT RELATIVE TO P X Ncal .
HOAEVER, THE VALUE | TSELF VARI ES FROM OSE P VALUE TO ANOTHER. WHEN I T IS
EXPRESSED AS Nof fs[P], AWPES REPRESENTS THE RESULT OF | TS MEASURENMENT.
SOLVE THE FOLLON NG EXPRESSI ON: 66 f'(WPES + LWPES/2) _ (Noffs[P] -

Nof f s[ P- 11 8 v (HRES] Rl ES 4: I NG TF LON NG
EXPRSE[SS| O\I:ﬁf('((\/\PEg[ -@WK\%P s%/)g)" Lﬁ*ﬁéil\%’@s‘ +§%§/§'2]}¥E/(5&%‘%YHAPES/ 2) 67

CLAI Ms: 1.A%pg§py1f]qfornation wite nethod, conprising: a first step of
positioning an actuat'or on which a conposite head containing a read head

and a MKitgémqqubdi“%N%%%\MaﬂQ§ﬁiyéquﬁ§§§ [s in contact with a crash

stop, and causing the wite hea 0o pattern, a trigger

ttern, i tterp, di sk-t t di
Bher ol n saitq (WPRSCRRAREERD AL 2 £ BbEs ° RS RAYRT 1aTuBkB e AWEBSIR) when

said servo pattern witten on said disk-type storage nmedi um by



said wite head can be detected by said read head, positioning said wite
head by neans of servo control based on detected said servo pattern and
causing said wite head to further wite a servo pattern and a propagation
pattern onto the disk-type storage nmedium and a third step of determning
awite tinme interval between the instant at which said read head detects
‘'said trigger pattern witten on said disk-type storage nedium and the
instant at which said wite head wites a next trigger pattern onto the

di sk-type storage nmedium wherein said third step causes said read head to
detect a tinme difference between trigges7 patterns witten onto radially
adj acent tracks of said disk-type storage nedium 2. The servo information
wite nﬁ%@ﬂ/ﬁ?ccordi ng to claim1, wherein said first step varies the
anmount ent flowto a drive notor for said actuator while the
actuator is in contact wwth said crash stop. [ R\L[BQ02870.doc: nxl 68
3. The servo information wite nmethod according to claim1, wherein said
second step causes said read head to detect said propagation pattern
wittenlon salAdedioskiorypionswoteagethode@mMpRs®8d corrects the position of said
wite head in accordance with the detected propagation attern. 4. The
servo i nf or maj iiesd swapiof positibing anactoatdi oy whichcd ednapogite h sraaiipgpread begdt he
step of determining a feed pitch for witing a trigger pattern onto said
di sk-t1ypg § %@H&ﬂé di ke Bwhild6:id BEtstol f iarcoatat OWithai drashnetoh) add secsingitheg
to claim1l, ereln sald wite tine interval determ nation step uses a
read/ wite offset i.ch is the di t Jagati SRshtieAREnto AN SISB)
vvri_\te h%’&‘(ge. R%a_d tﬂvg},'?\?osglrdnof%rrfa géﬁggﬁfbﬁggﬁlﬂ ogp?@ragwi ting servo &

i nformation onto a disk-type. storage.nedjum.b LNng a conposite head

cont ai nFtﬁ@gﬁW@W’W@%@lﬁﬁégygﬁq@@@%@g&u4eﬁ§'s crr\g%rkr’]i nformation wite

met hod conprising the steps of: ) 11 .
i a sec%nd step of, VF\)/hen said servo pattern written on said disk-type storage medium by

said write head can be detected by said read head, positioning said write head by means of servo

control based on detected said servo pattern and causing said write head to further write a servo

pattern and a propagation pattern onto the disk-type storage medium; and

a third step of determining a write time interval between the instant at which said read
head detects said trigger pattern written on said disk-type storage medium and the instant at
which said write head writes a next trigger pattern onto the disk-type storage medium, wherein

said third step causes said read head to detect a time difference between trigger patterns written

onto radially adjacent tracks of said disk-type storage medium.

2. The servo information write method according to claim 1, wherein said first step varies

the amount of current flow to a drive motor for said actuator while the actuator is in contact with

said crash stop.

[RALIBQ)02870.doc:mxl



witing, by said wite head, a trigger pattern, a servo pattern, and a
propagation pattern onto said disk-type storage nedium wherein said
trigger pattern includes a sync pattern; detecting, by said read head,
said servo pattern witten on said disk-type storage nmedi um and
positioning said wite head at the next wite position in accordance with
the detected servo pattern; and determining a wite tinme interval between
an instant at which said read head detects said trigger pattern witten on
sai d di sk-type storage nmedium and an instant at which said wite head |

R \LIBQ 02870.doc: mxl 69 wites a nexg trigger pattern onto the disk-type
storage nedium said determ ning causing the read head to detect a tine
di fference between trigger,. pattern i . 0 i1alky Jsakie d s@pks
of sai d3di sk-%%éef%? a?éﬁaatr@dm ”%Fh%hée&g@% o{Ql %lft"g’? r}étwﬁ()éﬁaaﬁsiﬁ?e&%rrg? hod”
according to claim6, further conprising the ste det ect j.ng, i
read heembsesssaid 1erd hsuht? clstsshstidr PFORRS ‘PBrPaBtﬁnkg‘frg&Bi Uk S?@pglgg?%}r%égé@gg
medium and correcting the position of said wite head in accordance with
the det getiath prdopagetsitonpositinnt afrsaid Gritetisad %%%@rqaﬁ%\”ﬁﬁtﬂileo‘??t%?‘{ RFORAY
according to claim6, wherein said trigger pattern and said servo pattern
are to pﬁtemitten in a position information storage area of said disk-type
storage nedium and wherein said propagation pattern is to be witten in a
data storage area of the disk-type storage nedium 9. A servo information
wite nmethod for witing servo information onto di sk-type storage nedium
by using a caonposite. head.containi : . aRd | rﬁ%?gjt f
servo fnfor el%?ﬁ"’%\h“?‘frglaﬂﬁlf WS@C @8%9%%{°§§‘HFE§@@{“ZBS&?PW%@| ng, hgﬁt}ge?i d
wite head, a trigger pattern onto said disk-t%ﬁe. t orage nediqﬁ&nand

det er ni detergpiningseifeesd pifchdof WEERS & GRS DRI PPQ S sdr‘i?ittypggtomeérﬁe sal d read

head detects

5. The servo information write method according to claim 1. wherein said write time

interval determination step uses a read/write offset which is the distance between said read head

and said write head.

6. A servo information write method for writing servo information onto a disk-type
storage medium by using a composite head containing a read head and a write head, the servo
information write method comprising the steps of:
writing, by said write head, a trigger pattern, a servo pattern, and a propagation pattern
onto said disk-type storage medium, wherein said trigger pattern includes a sync pattern,
detecting, by said read head, said servo pattern written on said disk-type storage

medium, and positioning said write head at the next write position in accordance with the

detected servo pattern; and

determining a write time interval between an instant at which said read head detects said

trigger pattern written on said disk-type storage medium and an instant at which said write head

[R:ALIBQJ02870.doc:mxi



said trigger pattern witten on said disk-type storage nmedi um and the
instant at which said wite head wites the next trigger pattern onto the
di sk-type storage nmedium wherein said time [R\LBQ 02870.doc:nml 70
interval determ nation step causes said read head to detect a tine

di fference between trigger patterns witten onto radially adjacent tracks
of said disk-type storage nedium 10. The servo information wite nethod
according to claim9, wherein said wite tine interval determ nation step
uses a read/wite offset between said read head and said wite head. 11. A
servo control nethod for positioning a gpnposite head containing a read
head and a wite head at a specified position on a disk-type storage

medi um the servo contr met ho onpr i S ng; 1St gt ; ihdhe DY
cai d 1 e Feade rEa s Bar e, TR SloPtks fedbiny sol WRerRhnle cBEhADne

a second step of converting . a posifion error signal of the det (o]
pat t er nréadthead toslejest @atimp shifferense E‘Ff“@%ﬁ FIBRE lP-aﬁf/T}é @%%%tonr‘ggﬁhlﬁ]dad;aﬁé%a
third step of determining a wite time interval between the instant at

whi ch saiacksrofasid diskaiypelstomgt snediun.i gger pattern witten on said di sk-type
storage nedium and the instant at which said wite.head wites a next
trigger pattern onto the disk-type storage nedium wherein said third.step
causes said read head to detect a tine difference between trigger patterns

writtensonto Tfl@gljtr% ﬂfoﬁﬂ%i%ﬁ%te IeRtdeSacebrafial t cthimlks, Futieer 8bapagag MrRdtepf
n nmet ho

12. The servo contro according to claim111l, wherein said second
step us

s a._read/wite offset which. i I - S §8iade nRAfiead
and sai etﬁﬁtl”cg:egﬁé%f\év.rre _.agLsI @%%1_0 ai)gﬁﬁxﬁl‘géq&laél}gsa@ﬁ{es SET VO gg%trol ’
method %Cdcgggécrg%gt t?lecgo%{tirgnlgf sayi\érl1 Snte head Iig a?c%gr%glclicesgv?tjﬁ %I&e?gc’tedb propagation

pattern.

8. The servo information write method according to claim 6, wherein said trigger pattern
and said servo pattern are to be written in a position information storage area of said disk-type

storage medium, and wherein said propagation pattern is to be written in a data storage area of

the disk-type storage medium.

9. A servo information write method for writing servo information onto disk-type storage
medium by using a composite head containing a read head and a write head, the servo
information write method comprising the steps of:
writing, by said write head, a trigger pattern onto said disk-type storage medium; and
determining a write time interval between the instant at which said read head detects
said trigger pattern written on said disk-type storage medium and the instant at which said write

head writes the next trigger pattern onto the disk-type storage medium, wherein said time

[RALIBQ]02870.doc:mx]



said wite head, a neasurenent pattern at a position other than the
position for said servo pattern on said disk-type storage nedi um detects,
by said read head, a profile of said nmeasurenent pattern witten on said
di sk-type storage nedium and |linearizes the relationship between said
position error signal and the position of said read head in accordance with
the detected neasurenent pattern. 14. A data storage device, conprising: a
first servo wite means for positioning an actuator on which a conposite
head containing a read head and a wite head is nmounted while said
actuator is in contact with a crash stmp, and causing the wite head to
wite a servo pattern, a trigger pattern, and a propagation pattern onto a
di sk-ty st.0 e .nedi u [ ' ' : i @Stwke WHEger
mar k; aﬁﬁgg@néﬁégpﬁﬁuqhﬁ%%@%§é§§ﬂ92?%9h %%Qgg?gﬂ§iﬁggm$§?$§$ﬂ mmitteng%n
sai d disk-type storage. nediumby said.wite head, can be.detected by said
read hepaiterpfo¥Titeroente fpdiatypdjgeer raﬁgﬁaf Sab‘i/éﬁ]@'é)ﬂ)g Sé)(?ra%eerp\%/%lqﬁlo ntrol bgs ed on
the detected servo pattern and causing the wite head to further wite a
servo pattern and a propagation pattern onto the disk-type storage nedi um
and a determ nation nmeans for determning a wite tine interval between the
i nstant j@t  Whhe bersai ififonaatoh eatle dedtbed aceadidg tto i dajer Ipahersim sgid; Wiitentigg
said di sk-type storage nediumand the instant at which said wite head
wites a nextielrihgg6bn B LS RRYeritdGifsdt BlwesPeis tadagad antbshidiwritetivadei n
sai d determnation nmeans causes said read head to detect a tinme difference
between trigger patterns witten onto radially adjacent tracks of said

di sk-type storage nmedium [ R \LIBQ 02870.doc: nmxl 72 15. The data

st orage device according t laim 14, .further conprising a c I ans
for, while saAcFeE"@c‘@ﬁHog’é‘F&‘Bg\fP‘i ROSTHAIANES2 Fgmﬂ?ﬁltteiqﬁﬁd 8@3‘#‘% %?f{atﬂ g{rehﬁ’g?%rﬁa
propagation pattern, causing said read head to detect said pro a&ati on g
pat t er nwritd heasnatom speriifiedd pesitiony pa adiskdyre SHEAGE URSHWY, By XL iCRPIYHBetho
position of said wite head in accordance with the detected

comprising:

a first step of detecting, by said read head, a servo pattern written on said disk-type

storage medium;

a second step of converting a pbsition error signal of the detected servo pattern into a
physical position on said disk-type storage medium; and

a third step of determining a write time interval between the instant at which said read
head detects a trigger pattern written on said disk-type storage medium and the instant at which
said write head writes a next trigger pattern onto the disk-type storage medium, wherein said

third step causes said read head to detect a time difference between trigger patterns written onto

radially adjacent tracks of said disk-type storage medium.

12. The servo control method according to claim 11, wherein said second step uses a

read/write offset which is the distance between said read head and said write head.

[R:ALIBQ]02870.doc:mx!



propagation pattern. 16. A data storage device, conprising: a wite neans
for causing a wite head to wite a trigger pattern onto a disk-type
storage nedium and a determ nation means for determining a wite tine
interval between the instant at which said read head detects said trigger
pattern witten on said disk-type storage nediumand the instant at which
said wite head wites the next trigger pattern onto the disk-type storage
medi um said determnation means causing said read head to detect a tine
di fference between trigger patterns witten onto radially adjacent tracks
of said disk-type storage medium 17. The data storage device according to
claim 16, wherein said determ nation neans uses a read/wite offset

bet vieen, sal d fiea hesd At ARl ool Reedim 1, vAcHal dtsoscgedeina, by

conpris ype storage mne iS positioned in a revol vabl e

manner and provi ded ith f g .
Whi ch | SiBIa Repfctmet ey PHLeTE apa B 8 e o en iR (R BRI BLD: o SR pReas

[ R\LIBQ 02870. doc: mxl 73 a wite head positioned a i

di st ancen taidndiskatyple swagsehwadivan dleirstsd by i Toeg h&é& A FBFﬂafHQ Loi?s%fdﬁ{r%"asfﬁ?%%%“
storage nedium wherein said servo patternis witten by said wite head,
a convegdefn weittes @R said: disigtypepmainge orediam; candslingarizesothe selpdonsgip, betpysen éﬁ’la ,
read by said read head into a physical position on said disk-type storage

edi un , AnheeGANipAk Ghid T pGibE Wil 5@ R toasiini aonfinanidir dad driseled | n
accordance wth t conversion result produced by said converter, wherein

sai d da i : . ; )
: nstantr}lgqsg}e%egggat%%\{l ce determnes a wite tine interval between the

14. A data storage device, comprising:

a first servo write means for positioning an actuator on which a composite head
containing a read head and a write head is mounted while said actuator is in contact with a crash
stop, and causing the write head to write a servo pattern, a trigger pattern, and a propagation
pattern onto a disk-type storage medium, wherein said trigger pattern includes a sync mark;

a second servo write means for, when said servo pattern written on said disk-type
storage medium by said write head can be detected by said read head, positioning said write head
by means of servo control based on the detected servo pattern and causing the write head to
further write a servo pattern and a propagation pattern onto the disk-type storage medium; and

a determination means for determining a write time interval between the instant at
which said read head detects said trigger pattern written on said disk-type storage medium and
the instant at which said write head writes a next trigger pattern onto the disk-type storage
medium, wherein said determination means causes said read head to detect a time difference

between trigger patterns written onto radially adjacent tracks of said disk-type storage medium.
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whi ch said read head detects a trigger pattern witten on said disk-type
storage nediumand the instant at which said wite head wites a next
trigger pattern onto the di sk-type storage nedium wherein said read head
detects a tine difference between trigger patterns witten onto radially
adj acent tracks of said disk-type storage nmedium 19. The data storage

devi ce according to claim 18, wherein said read head consists of a

magnet oresi stive device and said wite head consists of a transducer

i nducti on device. 20. A program enbodi ed upon a conput er-readabl e medi um
enabling a conputer to exercise a firsk function for positioning an
actuator on which a conposite head containing a read head and a wite head
i's mount ed whil e sali t I b Sedk i futtRercdihipiding & @prrédcifbnaaesisng
the wri Eg h\ggjﬁhet 8a ngtr%%a@c%vagk%g%@eﬁga&gp}?’;Mélgtgr patter néj and a
propagation pattern onto a di.sk- type stora | Chd

for, whé whilesaidsgepndaserver Wi MEREn!s SHUE %%giq;gﬂj-a%{ g}ge&d:igg%éétﬁr@déd&%ﬂjﬁy
said wite head can be detected by said read head, .positionj aid wite
head [Eau\singatad)mﬂoh@dctmq:tecmsal%yr%@aﬁ@noPat&’éﬁl\7‘6“ InPP &eﬂbﬁéé-iwoen SPFs°
detected servo pattern and causing the wite head to further wite a servo
pat t er nmasidnA apd opaRgating thpalosition ohsaidt wetalihskd tiy paccerdenegyavithe dha rﬁeteawg a
third function for determning a wite tine interval between the instant at
whi ch sai detects said trigger pattern witten on said

di sk-ty é’gﬁag?gé’g@éngdi um and the instant at which said wite head wites
the next trigger pattern onto the disk-type storage nedium wherein said
third function causes said read head to detect a tinme difference between
trigger ggtterns vvrittec? .onto radially adjacent tracks of said disk-type
st or agel9redi uthd2BSIOTgEEAgYIGEHFUIRE Y r di ng to claim 20, further including a
function for determning a feed pitch for witing said trigger patter
onto said di skwrijgmeasdpnepsisingd ke head tOAWﬁWgW&ﬁ?feH?HSH} gHo 8816%1.‘ © storage
conput er -r eadabl e medi um enabling a conputer to exercise a first function
for wiedigmaatdi gger pattern, a servo pattern, and a propagation pattern

a determination means for determining a write time interval between the instant at
which said read head detects said trigger pattern written on said disk-type storage medium and
the instant at which said write head writes the next trigger pattern onto the disk-type storage
medium, said determination means causing said read head to detect a time difference between

trigger patterns written onto radially adjacent tracks of said disk-type storage medium.

17. The data storage device according to claim 16, wherein said determination means uses a

read/write offset between said read head and said write head.

18. A data storage device, comprising:

a disk-type storage medium which is positioned in a revolvable manner and provided

with a surface storing a servo pattern;

a read head which is positioned so as to be capable of reading said servo pattern;
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onto a di sk-type storage nedium a second function for causing s
head to detect said servo pattern witten on said disk-type gto?agerﬁggium
and positioning said wite head at the next wite position in accordance
with the detected servo pattern, and a third function for determning a
wite time interval between the instant at which said read head detects
said trigger pattern witten on said disk-type storage medium and the
instant at which said wite head wites the next trigger pattern onto the
di sk-type storage nedium wherein said third function causes said read
head to detect a time difference between trigger patterns witten onto
radially adjacent tracks of said disk-type storage nedi um
[RA LI BQ 02870, o6 4] pdBtiord-at oA asaateliioe beid abal Mealand uwetiftor
Lgftgrhnaﬁ?tzen g N rdpaES|ng ald read head to detect said propagation
y n sai i sk- I : . i : i
Dosi {1 N daaqTio I KHABE OB TP Y BBy og i 15 i by la write
conput er -r eadabl e medi um enabling a conputer to exercise a function for
causi nghadywrite head to wite a trigger pattern onto a disk-type storage
medi um and a function for determning a wite tine interval between. the
instant at whi edhvarterefad comeatihglepeition srirdignal gheaid prive @?WW?%%SQT%Qi d
di sk-type storage mediumin accordance with the detected propagation

pat t er ny andndhe HySishiakitidh onfihidhliskedyfe wordge nieldnyanidt es t he next trigger
pattern onto tﬁ% di sk-type storage nmedi um wherein said function forgg

determ ni ng causes [ : t ' i £ f: :
: 1 phest sfd ties® hdad figrLoedatiet withnth
trigger patt et r‘f‘gm\g\?llﬁi tfeaﬁ C(r())ﬁ?gl 1?32}?1&[&8/ adj acént tracks 1of said di sk-tyge

storage nedium [R\LIBQ.0287Q. :
J conversion resgult producgd %y%Zu cgg\(/:érgr(,l

wherein said data storage device determines a write time interval between the instant at
which said read head detects a trigger pattern written on said disk-type storage medium and the
instant at which said write head writes a next trigger pattern onto the disk-type storage medium,

wherein said read head detects a time difference between trigger patterns written onto radially

adjacent tracks of said disk-type storage medium.

19. The data storage device according to claim 18, wherein said read head consists of a
magnetoresistive device and said write head consists of a transducer induction device.

20. A program embodied upon a computer-readable medium enabling a computer to
exercise a first function for positioning an actuator on which a composite head containing a read
head and a write head is mounted while said actuator is in contact with a crash stop and causing
the write head to write a servo pattern, a trigger pattern, and a propagation pattern onto a disk-
type storage medium, a second function for, when said servo pattern written on said disk-type

storage medium by said write head can be detected by said read head, positioning said write head
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by means of servo control based on the detected servo pattern and causing the write head to
further write a servo pattern and a propagation pattern onto the disk-type storage medium, and a
third function for determining a write time interval between the instant at which said read head
detects said trigger pattern written on said disk-type storage medium and the instant at which
said write head writes the next trigger pattern onto the disk-type storage medium, wherein said
third function causes said read head to detect a time difference between trigger patterns written

onto radially adjacent tracks of said disk-type storage medium.

21. The program according to claim 20, further including a function for determining a feed

pifch for writing said trigger pattern onto said disk-type storage medium.

22. A program embodied upon a computer-readable medium enabling a computer to
exercise a first function for writing a trigger pattern, a servo pattern, and a propagation pattern
onto a disk;type storage medium; a second function for causing said read head to detect said
servo pattern written on said disk-type storage medium and positioning said write head at the
next write position in accordance with the detected servo pattern, and a third function for
determining a write time interval between the instant at which said read head detects said trigger
pattern written on said disk-type storage medium and the instant at which said write head writes
the next trigger pattern onto the disk-type storage medium, wherein said third function causes

said read head to detect a time difference between trigger patterns written onto radially adjacent

tracks of said disk-type storage medium.
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23. The program according to claim 22, further including a function for causing said read

head to detect said propagation pattern written on said disk-type storage medium and correcting

the position of said write head.

24. A program embodied upon a computer-readable medium enabling a computer to
exercise a function for causing a write head to write a trigger pattern onto a disk-type storage
medium and a function for determining a write time interval between the instant at which a read
head detects said trigger pattern written on said disk-type storage medium in accordance with the
detected propagation pattern and the instant at which said write head writes the next trigger
pattern onto the disk-type storage medium, wherein said function for determining causes said

read head to detect a time difference between trigger patterns written onto radially adjacent

tracks of said disk-type storage medium.
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