WO 01/ 67454 PCT/ GB01/ 00784 METHOD AND APPARATUS FOR WRI TI NG CLOCK DATA TO
A STORAGE MEDI UM The present invention relates to a nethod and an s
apparatuwédoriemsi ti ng cl ock data to a storage medi um | nPOT/GBOi1/a07184 Or
systens such as data processing systens is typically stored on storage
medi a. Particular use is made of storage disks such as magnetic di sks,

opto- | o magnetic disks, and the |ike."tne type of magnetic di sk
arrangenment is a so- call ed "head di sk assenbly" which is intended normally
to be permanently fixed in MEHEIO@ A@Do@é@ﬁﬁﬂg‘%y%ﬁm t he head di sk
assenbly includes on ) . h soci ated read and
wite head is or head I ' ead wHef wite data to
the disk and read data frontthe di sk. Another type of magnetic disk
arrangenent is of a type known as "rempvable nedia" which nornally

consi sts of a E¥h&ELSE At IdnHaRtian Felatesotec i wetplodseings apase which can
be used;tq aq}r]asc pr.oces ste by physi cal
transfer &%‘d ﬁsf% [ tsejtquﬁ#\(l)é%%%r]i%r?%c itne o%lt%%gl Tm %FL "‘é known net hod
of manufacturing storage nedl a such as hard disk drlves a head di sk
assenbly consi st of the r%oduct head(s) t he di sk or, disks, the
notor and arm €l HHEES iSRcR ﬁﬁ%@éﬁ@n@r§F§ﬁﬁéﬁgknomn as a
servo-wit f t tot]:%?@ gn tion
(the "ser vsre)ysttreyc}ﬁ lgbgttt\yei)rl\rgéll nto Tttﬁeﬁsogll sk e g&ceerd\}gatrgclﬁﬁgptl%r&gabecorres
t he mast erugeefisr arcke IE wiatades disds Bndhheasdimsigneitiive ddgikisng opaoral
operatjon _in der t Iocaaf he _.tracks and sectors on the disk for data

st or age’ aftF FETY Q:thet He-k&er v OR &3PS &t BRIRRBLE1F47E54

PCT/GBOl/QﬁREEhgeﬁént is a so-called "head disk assembly" which is

intended normally to be permanently fixed in a data
processing system; the head disk assembly includes one or
more magnetic disks and the associated read and write head

15 or heads (the "product" head or heads) which write data to
the disk and read data from the disk. Another type of
magnetic disk arrangement is of a type known as "reﬁovable
media" which normally comnsists of a magnetic disk medium in
a protective plastics case which can be used to transfer

20 data between data processing systems by physical transfer

of the disk itself from one machine to another.

In a known method of manufacturing storage media such
as hard disk drives, a head disk assembly consisting of the
25 product head(s), the disk or disks, the motor and arm
electronics, is mounted in a mastering station known as a
servo-writer. The servo-writer writes a pattern of
magnetic information (the "servo track pattern") onto the
disk. The servo track pattern becomes the master reference
30 which is used by the disk drive during normal operation in
order to locate the tracks and sectors on the disk for data

storage and retrieval. Clearly, the servo track pattern



has to be accurately witten to the disk at very well defined positions.
In order to be able to wite the servo pattern onto 5 the correct positions
on the diw@odemsng manufacture of the disk, in one compoPCYGBEBAT7B+ OCcesSs,
a (usually tenporary) "clock™ track is witten onto the disk to serve as a
timng reference during witing of the servo pattern. Conventionally, a
separate clock head is used to wite tBe 1o clock track onto the disk and
to read the clock track from the disk so that the servo tracks, which are
witten whabh tbhbBedaskudatedyswpiodenttdete dhskbetphese welilhned with
respect t %he | ock,track and each other. However, the wuse of a dedicated
cl ock trafREWrEHi RGSAEAG™Ps an expensive 15 addition to the manufacturing
process and further requires that the servo tracks be witten in a clean
room because the clock track witing head has to be inserted into the

open (unseal edfnhezdedi tk hssehbeytoMsrtbeethei sepracpatieert hented ock heads

have to be, _replaced,on a.daily basjs 20Q, because_of da e._wWhi ch.occurs
during5usgbeU§9£5§2§5§§§lﬁﬂ??%ogﬁskgengfggdg%ﬁan%y@?%ﬁfg%Fuﬁfi??n €a clock
track on gigkQr ageonedeunimbal f0usadi ptecass, &ecasdalUyheadpofaayhard di sk

drive. Atimng pattern is 25 generated on the storage nediumwth the
i nternal FE&BFHEI"n§rarbadsangibterdPRFopbRet AdskngovastEe ud3ed®i iPiFal |y

posi tioni At r .ng- ke i e, i The servo pattern
IS mwitte%gg%ggﬁgelgggﬁbgngggg?ggn?%egﬂ%yé?ﬁgé %%ggg?éd timng pattern and
radi al posbhivenicthignuallye. al separetéeclocknheéadsipriusedatd systenthse he cl ock

pattern is_ witten in an iterative nner across the djsk. ver, there
is a plobFéRFENCERSE PRES ﬁb?haaskaﬂn nt? obGRe Bﬁﬁs%foﬂ#fFE?EEc °Pn a
clock pat tgenghgkWee thasPehk ¥eribagkscRs, Wh0dh 6444w P &80} OR784
the disk drive's product head, can be phase aligned with
respect to the clock track and each other. However, the
use of a dedicated clock track writing head is an expensive
15 addition to the manufacturing process and further requires
that the servo tracks be written in a clean room because
the clock track writing head has to be inserted into the
open (unsealed) head disk assembly. Moreover, in practice
the clock heads have to be replaced on a daily basis

20 because of damage which occurs during use.

US-A-5485322 discloses a method and system for writing
a clock track on a storage medium using an internal
recording head of a hard disk drive. A timing pattern is
25 generated on the storage medium with the internal recording
head and a radial positioning value used in radially
positioning the intermnal recording head is determined. The
servo pattern is written at the locations determined by the
generated timing pattern and radial positioning value. In
30 effect, in this prior art system, the clock pattern is
written in an iterative manner across the disk. However,
there is a problem in that this method can introduce phase

differences in a clock pattern between respective tracks on



-3 the disk. As a disk will often require many thousands of «clock tracks
across the disk, even very snmall phase errors in the clock track can

currul at i wedy/RsOME very |large. 5 US-A-5448429 di scl oses papGBerowzanpl e of
a systemfor witing clock tracks across a disk in which a witten cl ock
signal is read to provide a reference for the witing of the clock signa
to a subsequent track. 10 US- A-56686793 23 scl oses anot her exanple of a

met hod of witing servo tracks to a disk drive in which a clock track is

witten fehkowedxby api halditkaekslaeress tBgudirekmahfetneleakdsr agk and the
spiral tracks have mssing pulses or bits and are used to |ocate the arm
of the di Skogki F&agken atsosise ther désSknf 8VAHL VBRYi STadilt PBASE| BTEAYSOf t hese

prior art .pr sal o, wself- s LR 0O AlSK, s ot hers not
Spec 1 calty e R RS RS e tae ShTRYarE vEIReCeRE: BEy R e 20
rotational speed of the hard disk, non-circularity of the disk or track,

of f-centre nounting of the di,sk, and other factors arisin% fron1£$eration

of the %l ect r oNBcAePRE&GARY A15CHESERagBOEReENEXRARRIR Qboft SYSEER wWPFtt en

must in pragkiice HeAdMSES hersisuseaiat ihhenlkack L iRRaseabkgned
with 25 the previously witten track, to ensure that precisely the correct
nunber of sddoelk psl gead itto iprovidecanpkeéesenceydogt tbe witithagdieék and to

ensure th t hese.pul,ses .are _spaced as_uniforny as possible and to ensure
that the %§€r ekt SAFRR oS & ﬁP%FFgHeP th&°Correct place. A phase 30

| ocked loop circuit, which conventionally is an anal ogue phase | ocked | oop
circuit, is used to lock to the clock track that has been witten

previ obsly in SBdér SEE 8ST e SADHOSEF6 PRSL hPET LEBOPAGO P4 2 mgthod of

writing servo tracks to a disk drive in which a clock track
is written followed by spiral tracks across the disk. The
clock track and the spiral tracks have missing pulses or
bits and are used to locate the arm of the disk drive when

15 the servo information is written.

In any of these prior art proposals for a "self-
servowriting" disk, as well as others not specifically
mentioned herein, owing to slight deviations in the

20 rotational speed of the hard disk, non-circularity of the
disk or track, off-centre mounting of the disk, and other
factors arising from operation of the electronic circuitry,
the phase of the track about to be written must in practice
be adjusted to ensure that the track is phase aligned with

25 the previously written track, to ensure that precisely the
correct number of clock pulses fit in one complete
revolution of the disk and to ensure that these pulses are
spaced as uniformly as possible and to ensure that the
servo information is written in the correct place. A phase

30 locked loop circuit, which conventionally is an analogue
phase locked loop circuit, is used to lock to the clock

track that has been written previously in order to emnsure



that the next track is phase aligned wwth the previously witten track. In
our WO A-98/ 31015, the entire disclosure of which 5 is incorporated herein
by referavwaersétsbhere is disclosed a "self-clocking" nmethoBCEeBoEMISS at us
for witing clock data to a storage nedium such as a disk. The storage
medi um has tracks on which data can be stored. Clock data is witten to a
present track on the storage nedium Hie- io witten clock data is read from
that track. Clock data for a subsequent track on the storage nmediumis

gener at edthe@mchkhaegkogkadat asr padstr amigaed RieseBhet pae¥iokBeyphase of
the generated clock data for the subsequent track is conpared with a

ref erenceVEiFtRY §gR¥l- and the phase of i5 the generated clock data for

t he subsequent track is adjusted in accordance with said conparison. The
conparison wth a reference timng signal, which may be obtained for
exanpl e fromthe backwerh-of /8he18i, skhdr eneireotidscloayrbeofawhied out once

per revolytiqgn of the disk. 2Q The phase adjusted cl ock _data for, the
D bseadant.ot ARCRTPETSERn v Riro Yt SoLara Chbo baGERt Lor SCRCLPRORNRE et hod

and appamgey$.- chbckinddaiietheld BRECapREYatAsPEOY deigifdgdbeatRdgaghock
read/ wite head. As in-other proposals of this type, thé servo information

is witteftot e shordgek mesiimg,t Isachsas| ackiskack Thet atovagesinedonmt he servo
i nformatign ver accurately. .To save tinme, it Jis eferred _that the servo
|t or mat | SRS FTRCKRAGE BEARH £P8R BPfePRACAT it hCREY PROR Aata | n that
track, i.eriteenasy brddlesentpeibic@nodf thel eerdabamkegivmi.tt €Ae that clock
data bei ng phase aligned 30 with the clock data in theggrevious track, and

then dbuMsitien sdpek dalta ie wepd dxomaghing &Fpcspri &lery pR&3efari gned
Wi th the preyaus ehack -l | oved by B Jae ke al Okt 18N gRherGtaGK £48Ka, and

SO on.
the clock data read from said present track. The phase of

the generated clock data for the subsequent track is
compared with a reference timing signal and the phase of

15 the generated clock data for the subsequent track is
adjusted in accordance with said comparison. The
comparison with a reference timing signal, which may be
obtained for example from the back emf of the disk drive
motor, may be carried out once per revolution of the disk.

20 The phase adjusted clock data for the subsequent track is
then written to said subsequent track. In this method and
apparatus, it 1s again not necessary to provide a dedicated
clock read/write head. As in other proposals of this type,
the servo information is written to the disk using the

25 clock track data to position the servo information very
accurately. To save time, it 1s preferred that the servo
information in a track be written altermately with the
clock data in that track, i.e. for any track, a portion of
clock data is written, that clock data being phase aligned

30 with the clock data in the previous track, and then a burst
of servo data is written, again appropriately phase aligned
with the previous track, followed by the next portion of

clock data, and so on.



WO 01/ 67454 PCT/ GB01/ 00784 -5 The nethod and apparatus di sclosed in

WO A-98/ 31015 are very useful for correcting the | ow frequency phase
error whivedovemsoccur in a self-clocking process from sayPET/AGiBe1/0a184 de
dianeter (ID) to the outside dianeter (OD) of the disk during the witing
process so that the total of the phase error across the disk is reduced
practically to =zero. However, becauses-he phase of the generated cl ock
data for the subsequent track is conpared with a reference io timng signa
to determ ne the phase correction required, the nmethod and apparatus

di scl osed in WO A-98/ 31015 are not able to correct the high frequency
phase errors wﬁh@hmééhOdoé@draﬁﬁﬁﬁééﬁscﬂéé%lpﬁaékénmﬂ@hﬁn9&/3bObSut|on of

(e 9 <k akt, S50 Aphapac Bl Lestoastast oL 1hg epgssptelruemiLon here

is prOV|de rumwhilst the

st or age nedtrtbm whikcht ahnngcculre inmat l@ealfeampbksnggptbees*seﬁﬁomf sayh)

reading a burst of claqock data froma present 20 trackizg ﬁgeneratlng a
Ge

burst & EPScKRUGELE AdpmetedhddfiekP tp?a@Htéﬁdﬁh€1§W6 di g
accor dancepu hfis'khg g'fﬂ@t t8k wffllggglg g&acagédst—)r EHhEal:HePESEEﬁJt ofrack; (C)

adj usting the phas tThe gener ur st 25 clock data; (D) witing
said phasehadPMasedemmpsta@tO@BoCheddnaktos saddcsdbgeqqémcailackp and, (E)

eVl ut | oGP ¢ hEOUESPIy PRSGRER 305 RBFEDy oo hP| PO EFBLRda a0 sai d
subsequenyattkadior %Qeokhﬁéé%ﬁeﬁnggﬁQ%/QQ7%6mpa§ed with a reference
10 timing signal to determine the phase correction required,
the method and apparatus disclosed in WO-A-98/31015 are not
able to correct the high frequency phase errors which can

occur between clock tracks within a revolution of the disk.

15 According to a first aspect of the present invention,
there is provided a method of writing clock data to a
storage medium whilst the storage medium is rotating, the
method comprising the steps of:

(A) reading a burst of clock data from a present

20 track;

(B) generating a burst of clock data for a subsequent
track on the storage medium in accordance with the burst of
clock data read from said present track;

(C) adjusting the phase of the generated burst of

25 c¢lock data;

(D) writing said phase adjusted burst of clock data to
said subsequent track; and,

(E) repeating steps (A) to (D) for plural bursts of
clock data around a revolution of the storage medium

30 thereby to write clock data to said subsequent track.



The present invention allows the bursts of clock data to be properly
aligned in phase with each other, with a mninmal or practically zero
track-t oweavki4phase error. This can be achi eved w t hout paf/GBot/oatgs t he
operation of the 5 phase | ocked |loop typically used in the apparatus and
can be used in conjunction with phase adjustnent already acting to

m ni m se phase errors around a track orfthe disk or across the disk, for
exanple fromthe IDto the OD. The nethod and apparatus therefore all ows
for highly accith® @resemt tinvgnsfion] edR ovat &heobarster ageciwdkudatai ng f or

le the,internal lwite el enent _ated with the st
medi umy. (161 ) SERBAAYAR e Y FERRG ORCD! GER™ BhHcEer U3thata (o a

st or age medindfMaduicd @ aeft izadllgazei@0ratk -Roetenah! Yhatheepebhod conprises
the step of neasuring the phase error introduced on reading a burst of
cl ock dat Fhifr s be gcddaved wikhousnaffeepipg) thecrpasatipe ofephef

The. phabe BEAs: oRteoudoy SYRReATLY, Wl 48 shecrisHaRadianh SR om tnc

e phase~error ‘introd bur's ock 8t 8%f'r om t he

present tbackisethus, ddngunpitden edthephase bdijuedwead hyrtheypaeseny net hod
Is calculated'i,n this exanple using a history of burst to burst errors,
al | owi ng & MOLE e PHRESe SXd St RERUnD 8 B3ckpPBf ER8LAYSKt RE et hod

conpri ses B0t 4 a ' p Okl T C on adi ng
el ba e e SR Rl sP 1S EhePD b BCBE. D URE 1Y) s

t he step ofetididusmidn g pode afhiss ¢ hefretfloeregeddoasedorbbighlyf actocktdat a on

ol ock Wt TG Bl SaPebn ARty A e PHOESoR Nape Ry B APs FoFy SBABAPt 1o

burst erraehe GatcdiRausedadywdkeuldimeatkhaskeaynted phasetnadj ust ment,
providing for nore accurate phase adjustnment. WO 01/67454 PCT/ G801/ 00784
storage medium, thereby facilitating the writing of clock

and servo data to a storage medium outside of a clean room.

15 Preferably, the method comprises the step of measuring
the phase error introduced on reading a burst of clock data
from the present track, and step (C) includes the step of
adjusting the phase of the generated burst of clock data on
the basis of the phase error introduced on reading the

20 burst of clock data from the present track. Thus, the
phase correction introduced by the present method is
calculated in this example using a history of burst to

burst errors, allowing for accurate phase adjustment.

25 Most preferably, the method éomprises the step of
measuring the phase error introduced on reading plural
bursts of clock data from the present track, and step (C)
includes the step of adjusting the phase of the generated
burst of clock data on the basis of the phase error

30 introduced on reading said plural bursts of clock data from
the present track. Thus, an averaged history of burst to
burst errors can be used in calculating the required phase

adjustment, providing for more accurate phase adjustment.



-7 Steps (A to (E) are preferably repeated across the tracks on the
storage nedium wth the burst of clock data read froma certain track in
a step (AMobesmagt the burst of 5 clock data witten in a BCEREBD)O7BOr that
track. Steps (A) to (E) are preferably repeated for every track on the
storage nedium 10 In an enbodi ment, the nethod conprises the step of,
prior to step (A), witing plural consecutive bursts of clock data around
a revolution of the storage nediumto provide a substantially contiguous
clock track around a revolution of the storage nedium This provides an
initial 15 reference and source of an initial clock track for the

subsequent copgtsgsoﬂAclQ@k(HataréCpﬁéiekablyt@ép@@té&dEUﬁbssAEQErdlng to a
second aseect

i 1ing cPoRBapl B8 SR80 ageoPBRb e P WA P SPLERE SFoF ABBRNRRAm |

rotating, rehd fapmaaatartaanptmackg1naadatapreawebeﬁng teadbugsa bfrst of

cl ock t tgack at.t.er e t r generating a
bur st g? 8k E”Hgga ?EE?EH lﬂSubggag AF?tgggkegégtgéaEEOrage medi umin
accordance mnth the burst of clock data read fromsaid present track; a

phase error adiseéggr M)r £8di(e5t brg fg?@f@?ﬁ_ﬁﬁ Ofreggstﬁae@z%&%@g gurst of

cl ock data; and a data witer r Mﬁltln ase adjusted burst of
cl ock dat&rﬁéksapdt§@b§§8§éﬁ? @Fééﬁm t he apparatus being adapted to read a
burst of clock data froma present track generate a burst of clock data

for a subsequenh tnaekbeaimbatst @h@gaeﬁﬁdauebmpragégr gnacec¥p 6/ 67454
PCT/ GB01/ 00784
prior to step (A), writing plural consecutive bursts of
clock data around a revolution of the storage medium to
provide a substantially contiguous clock track around a
revolution of the storage‘medium. This provides an initial
15 reference and source of an initial clock track for the

subsequent copying of clock data across the storage medium.

According to a second aspect of the present invention,

there is provided apparatus for writing clock data to a
20 storage medium whilst the storage medium is rotating, the
apparatus comprising:
a data reader for reading a burst of clock data from a
present track;
a pattern generator for generating a burst of clock
25 data for a subsequent track on the storage medium in
accordance with the burst of clock data read from said
present track;
a phase error adjuster for adjusting the phase of the
generated burst of clock data; and,
30 a data writer for writing said phase adjusted burst of
clock data to said subsequent track;
- the apparatus being adapted to read a burst of clock
data from a present track, generate a burst of clock data

for a subsequent track on the storage medium in accordance



-8 with the burst of clock data read fromsaid present track, adjust the
phase of the generated burst of clock data and wite the phase adjusted
burst of wOovkr4data to said subsequent track for plural bOT/&BS1/@f78€] ock
data around a 5 revolution of the storage mediumthereby to wite clock
data to said subsequent track. The phasg error adjuster is preferably
arranged to adjust the phase of the generated burst of clock data on to

t he basis_gf .t phase. err intr d e eadi n he_burs f ock data
fromine. Wibtohfer PAzE R gt AgHaCT =80, F2BR ik SepdkpE, Erafk,
arranged atifusdj Uit phasehase tbe Heaegabedabadsbubst c0bckl agkadaha on 15

the basis of the phase error, introduced on readrng Elural bursts of clock
data fronWEREepEBseRhaseadd] uateBnbyarfeRrt sfotkedpEasEnt spadention will

now be _ISBELEARILDY piRkIO o ATRLE 1 LDSLE! BECRSBCkOMLDE 2aaraogPanyi ng

drawi ngs, in ematic plan view o

assenblsy; ré&oEugsonZoEot&eam&o&aﬁenméddumephesehyatbowsioé skothrs on a
st orage drunrshomn gt mrrtrn% of clock tracks to the storage nedi um
Fig. 6is §cﬁ8nﬁ?Fg ACF sectors on the 30 storage medium
show ng the bui | d-up of phase errors and, WO 01/67454 PCT/ GB01/00784 -9
Fig. 7 is a block circuit diagramof an exanple of apparatus according to
and for carryrﬁ@eophaﬁﬁeeﬁﬂ@@éﬁ@]WsﬁﬁenﬂSoDregeRébéVrBﬁgangeﬁrggre 1, a

head i sk 988E0k kel plidRe? off Bt AATRRAR' biadboke2c bR ahia B o0 on 2

10 the basis of the phase error introduced on reading the

burst of clock data from the present track.

The phase error adjuster is most preferably arranged
to adjust the phase of the generated burst of clock data on
15 the basis of the phase error introduced on reading plural

bursts of clock data from the present track.

An embodiment of the present invention will now be
described by way of example with reference to the

20 accompanying drawings, in which:

Fig. 1 is a schematic plan view of a head disk

assembly;

25 Figs. 2 to 5 are schematic representations of sectors
on a storage medium showing the writing of clock tracks to

the storage medium;

Fig. 6 is a schematic representation of sectors on the

30 storage medium showing the build-up of phase errors; and,



a disk drive notor 4 which rotates the disk 2. The head disk assenbly 1

i ncludes a so-called product arm5 which carries a read/wite head 6 which
i ncludes weadsasd wite 1o el enents for reading data fronPCheBdi/eksL and
witing data to the disk 2 in normal use of the head di sk assenbly 1.

Such data will normally be user data. The arm5 can be pivotally noved
over the surface of the disk 2 by an _agctuator 7. 15 In the preferred
enbodi ment of the present invention, the product arm5 with the read/wite

head 6 is_usededyri hoy ot e 5§§Ek0c&&aﬁ§tmaaggggmpa °gASekBmpiL! gecl ock and

servo tracks to~the uring manuf acture an set-up e 20 disk 2,
t hus obvi appagathe aeedrﬁangatdedndafed chprkihgaduti hha gedseated servo
track writer ag.has been common in the past. As there is no need for a
separate ¢PEER“ABBA which nust enter the head disk assenbly during the
servo track witing process, the head disk assenbly 1 can be conpletely 25
seal ed after manufacture and prior to the servo track witing process. It

i s thersefore nBefarsrdsngaty Eogurhel,sérh@aﬂrdéﬂkaSSEmglyrbcb@g 20 be

The or sk 2otahife” nRBRerdRa ey 2l WS rnaPURel ce oPRradupr To6E | O

stage of andexanplevef mbRerser whithagktweekbi BBepdsRS3. aThenhegaous clock
track 10 is witten to one of WO 01/67454_PCT/ GB01/ 00784 -10 the tracks
(the tracRifksaggepRdYetadprd UdRsnA FR-FRYLPE PYOIBATt ABMIPsKR2CRS| ng t he

[ ead/ wr i € ¢20ead s620k b9 R4 RIUEEaaA i chNEnRORALLORC QR LhE headiwrite

head 6 relative to e track elng shown in |gure osure of
the 10 elements for reading data from the disk 2 and writing data

to the disk 2 in normal use of the head disk assembly 1.
Such data will normally be user data. The arm 5 can be
pivotally moved over the surface of the disk 2 by an
actuator 7.

15

In the preferred embodiment of the present invention,

the product arm 5 with the read/write head 6 is used during
the servo track writing process to write clock and servo
tracks to the disk 2 during manufacture and set-up of the

20 disk 2, thus obviating the need for a dedicated clock head
in a dedicated servo track writer as has been common in the
past. As there is no need for a separate clock head which
must enter the head disk assembly during the servo track
writing process, the head disk assembly 1 can be completely

25 sealed after manufacture and prior to the servo track
writing process. It is therefore not necessary for the
servo track writing process to be carried out in a clean

rooim.

30 Figure 2 shows schematically tracks t on the disk 2
which are divided in known manner into sectors s. In a
first stage of an example of the servo track writing

process, a contiguous clock track 10 is written to one of



s clock track 10 has been achieved, i.e. when the clock track 10 contains
the correct nunber of bursts 10" of clock data and the join between the
first andvoas674d4itten bursts 10° of clock data is w thi PCpGBdEOEB4 ned
limts, operation switches to a clock copy node. 10 At this stage, the
calibration of read/wite separation_ i@_started First, even bursts are
witten and phase adjusted for mninumclosure error, follomed by odd

bursts. T ve a f t ap, bet ween. t he read

o ement s | EBR BrSERe e (R RESFRL b Doty Bud ot EiP e bt in i Gar e S bt e

t hen conpyghesnef fissk ﬁOﬁsﬂh? thadiead AvrsHeVHeb @ &1 GBI €nS, pibgucead/ wite
head 6 is then 20 noved half a track width towards the next track t-4 so

that theaFBaf/ weheePREAlien| pEsthal Faag/ vréketheadi ¢srelabiketts which
| ncludes the E%§E§938§§gCEHS§ntEBC§1 30-an4. haﬁﬂ%ﬁy"??ag éheoﬁe§ﬁetfaCk
odi nents, It may b e oS e

t-4. In sone e preéeferr read/ wite head
6 downwar d3obk bnecR51bhhad bkea achtkvaddth et helgh the ploublpreekare t he

same. In_an interl eaved nanner, the read%mglte head 6 ernately

reads bur $PsCeBLagRScFBEKCARFSCEr BHIPRE CEoREFEEBULOLI D kcf?%%k 362 and

wites bupghstid’ jeincbeﬁ%eéﬁ Qﬁéafiﬂsergﬁa iQs@eﬂfﬂtwéhtbﬁﬂsE§el§‘OCk
track 12 for the "next track t-4. In particular, the read/ wite head 6

first pasﬁeslovbrdhaaf1efwsEhuurpreéeseﬁmanddrbaMstalo@kedataOQO' in that
sector. The.gaha E 9 %he secto& t-5,s-6.is WO 01/ 67454 PCT/ GB01/ 00784
-11 used t8HEREFatR F {F1t S°BY oPR%Bata 11° which is witten partly to

sectoriot-5,s-5 and partly to sector t-4,s-5. The read/wite head 6 then

moves relative to the disk 2 . . )
At this stage, the calibration of read/write

separation is started. First, even bursts are written and
phase adjusted for minimum closure error, followed by odd
bursts. This gives a measure of the gap between the read
15 and write elements computed from linear wvelocity and
radius. A feed forward table then computes offset for all

radii.

As shown in Figure 3, the read/write head 6 is then
20 moved half a track width towards the next track t-4 so that
the read/write head 6 lies halfway over the first track t-5
which includes the contiguous clock track 10 and halfway
over the next track t-4. In some embodiments, it may be
preferred to step the read/write head 6 downwards by one

25 third of a track width, though the principles are the same.

In an interleaved manner, the read/write head 6 then
alternately reads bursts 10' of clock data from the
contiguous clock track 10 and writes bursts 11' of clock

30 data in order to begin writing the clock track 12 for the
next track t-4. In particular, the read/write head 6 first
passes over half of sector t-5,s-6 and reads clock data 10'

in that sector. The data read from the sector t-5,s-6.is



parallel to the tracks to lie halfway over the sectors s t-5,s-4 and
t-4,s-4 and reads clock data 10" in the sector t-5,s-4. That read data is
t hen usedvoovgaserate the wite clock data which is witrPenGparod7gsto
sector t-5,s-3 and partly to sector t-4,s-3. This process is repeated
around a whole revolution of the disk 2. 10 Referring to Figure 4, in the
next step, the read/wite head 6 is opyed down a further half track to lie
entirely over the next track t-4. \Wen |ocated over for exanple the sector

t-4,s-5, they eaddhunihe thead b ,8ads 4 [ ogk ,d 1, ' rtly
fills this sectorgéng the wwf%e gatg ?gk ?gggt%g ngkgcéeéﬁggkgﬁﬁeﬁs-4 i's
gener at edprsdyt ke seatay ¢stS,se&danthaprgégetat edcdatratia’, si-s.t hehew i tten

to the next sector t-4,s-4. _The read/ wite head 6 then.reads the clock
data 11' ﬁg?PVVrﬁiFlﬁﬁ&dfﬁetﬁg?tm§8@§oFeb§ }¥§3t90t§ﬁddé§ efat es the next

wite dat@a%&il@ﬂiﬁaiﬂhé'ﬁ%&dﬂ%iEbeﬂietﬁaiﬁﬁa?e6§e§e€hersEtﬂo§§2- Agai n
this process is repeated around a whol e revolution of the disk 2.
Ref errisngtnéwstré BRguite 45 s-tth@nde z¢pdsi cdorbadatai 30 '28natdhansedtarf urt her

hal f trac oJi,e half r €. r -4 and_t:3. ock.data 12
in for exgn%rg ééctgbaw$¥f%§?€a%§ ﬁégghfé g%%grgpegFﬁgrﬁgfttgFogﬁl Sta 13
whi ch i sclwoickt datpawhliyht d sseatiaten- dastiyand pactby tossectorndt- 3, s-5.
Clock data is_then read fromthe _next sector 30 t-4,s-4 to generate the
next clocRFxy 19 SHELOF its4 ®ritrt edDPEr PEPCEESt RE ¥EPEBESTt 2108nd and

t-3,s-3. Thigohe reeradieds & the weERi Bing sectors in the tracks t-4 and
t-3. In this way, a conplete clock track 12 is witten to WO 01/ 67454
PCT/ GB®1/ 00784 -12 the track t-4 around a revolution of the disk 2. The
Referring to Figure 4, in the next step, the
read/write head 6 is moved down a further half track to lie
entirely over the next track t-4. When located over for
example the sector t-4,s-5, the read/write head 6 reads the
15 clock data 11' which partly fills this sector and the write
data 12' for the next sector t-4, s-4 is generated from the
data just read. That generated data 12' is then written to
the next sector t-4,s-4. The read/write head 6 then reads
the clock data 11' partly filling the next sector t-4,s-3
20 and generates the next write data 12' which is then written

to the next sector t-4,s-2. Again, this process is

repeated around a whole revolution of the disk 2.

Referring now to Figure 5, the read/write head 6 is

25 advanced a further half track to lie halfway over the two
tracks t-4 and t-3. Clock data 12' in for example sector
t-4,s-6 is read to generate the next clock data 13' which
is written partly to sector t-4,s-5 and partly to sector
t-3,8-5. Clock data is then read from the next sector

30 t-4,s-4 to generate the next clock data 13' which is
written partly to the sectors t-4,s-3 and t-3,s-3. This is
repeated for the remaining sectors in the tracks t-4 and

t-3. 1In this way, a complete clock track 12 is written to



process is then repeated for subsequent tracks on the disk 2 so that every
track on the disk 2 has its own clock track. 5 Though not specifically
shown i nwa@el/emnam ngs, it will be understood that servo BEr/&Boso0MBi tten to
appropriate sectors in each track, the clock tracks being used to .
position the servo data accurately in_jhe appropriate 1o positions on the
disk 2 during the servo witing process. As is well known, the servo data

is used i [Aald v, £5mlet | ] r to | te the
read/ wri temﬂﬂgzagcﬁ%?aét 4appr opr(lfaate}éé}oozlmt%%{; cgé\zer t#eissg‘l szl(z' 2(&?% read user
data frompambeass wd tttharserepited Edhesutissdquiznt] Tk |dn htea@dakent, it

Is inmportant that the bursts .of clqck data 1Q',11',12'... be _ properly

al i gned i if pifas aRM%W?Q%uﬁF%ﬁmé¥lBgﬁéﬁgéhbﬁa&?%ﬁ¥£ﬁiﬂﬂﬂnﬁ%PQH t he vari ous
bursts of ok data will cause problens in detection of 20 the sectors
during normal use of the head disk assenbly 1. This is particularly the
case where the frequency of the servo data increases, the pitch of the
tracks increas t.he rotatd onal speed af the djsk .2 increases.as
these pr oduct‘gﬁié)eu\%[]g}oogvsége%li rﬁacatrlglybég%aomne ltrbtg}eor e asit glwﬁj%S | ar ge
amount s ofpedairaledstaiod gh sephastdodkedidiavecan fpreprdate control
the phase of the various data signals, variations in phase can arise ow ng

to vari ouSEIHR oI i FRIUAHRFN otk Gk FrasdFatisdmislsads ton the wite
R Rk
read chanmelsidridomecoddheidiak t2 dudiie dber sadfvd heriphiase proeked .| oop used
is inpl erKBSntieSd wvg flh kdrll irE,althE:eo eorrlf%ntdsat%r icsi rucsueidt ri%‘l rtélllteh Ej:&rinal 1y
completed disk 2 in normal use to locate the read/write
head 6 at appropriate positions over the disk 2 to read
user data from and to write user data to the disk 2.
15
As will be apparent, it is important that the bursts
of clock data 10',11',12'.. be properly aligned in phase
with each other because phase misalignment of the various
bursts of clock data will cause problems in detection of
20 the sectors during normal use of the head disk assembly 1.
This 1s particularly the case where the frequency of the
gservo data increases, the pitch of the tracks increases,
and the rotational speed of the disk 2 increases as these
products develop over time to be able to store increasingly
25 large amounts of data. Even though a phase locked loop can
be used to control the phase of the various data signals,
variations in phase can arise owing to various effects
including for example propagation delays in the write
circuit, the magnetic effects of writing the clock data to
30 the disk and reading the clock data from the disk within
the magnetic head 6, and the read channel and décode

circuitry. Moreover, if the phase locked loop used is

implemented with digital compomnents or circuitry rather



WO 01/ 67454 PCT/ GB01/00784 -13 than anal ogue conponents or circuitry, a
quantisation error can arise. In addition, there is also a noise or error
term assovoat/edsni th recovery of the read/ wite head 6 anBCT/&Bsvi784 ed
circuitry between consecutive read and wite 5 steps. Accordingly, phase
errors can arise and, noreover, the phase errors can be variable and may
vary with position of the head 6 acress-the disk 2 and/or with tinme. The
met hod and apparatus disclosed in our 10 WO A-98/ 31015 nenti oned above is

abl e to redise apRAYGuRAldhpdrRnZe -t Qgrt:ca&%&yr)hasaush(:%aéaeﬂngrwﬁ whol e
of a track on a once per disk-revolution basis. This corresponds to a

rel ati vel FalowIisequeddy asisddd osontthelre Bewelep, at hoisgebkodrand appar at us

w thin o reab) Ersh Abed REtH detoviRY B el RS/ hathRcherd & aR8" O0°

track-t o- tasadciapkds e ietcudt e beeerehadbakkyualivgned aangnat weiteansi tions
witten durin% t wo indggfndent wite cycles and revolutions of the disk 2.
This | & sR&RSsch@FEATEIMTLYin PBRGEr 8X60T80 CRES 8FAPRgaREw NOTEPYEEe 6,

bearing i Ryd Rakhe Wa% AN b WSt Ebﬁ%oﬁhddﬁ%g @Eﬁygﬁﬁgheﬁoggtﬁggom

sectors as déscribed above wth reference to ures 5; ran

phase errof Gdeuheadg 6dwdnog st lider dagkoR fwod/exampkd sémeor 25 t-5, s-6 is
witten to the clock data at sector t-4,s-5. This is repeated such that,
in general, a randomerror occurring during the read on sector t,s is

witten into thee @e®tioddand Appaeatds HikcIsdkedaAsni Bdi-cated in the
drawi ngs, these errors propagate randomy on i ndependent 30 spiral

trajec%%rW@bAa@ﬁd§§0ﬂﬁe“@@Fﬁ&@@doﬁbpﬁé dissrb2eaha, refpncgenzaaticahdyerrors
are bound%% %@E& @ﬁetQ%t%H'Hﬂﬁ%eO%rror around the whole of a track

on a once per disk-revolution basis. This corresponds to a
relatively low frequency phase control. However, the
method and apparatus of WO-A-98/31015 is not able to

15 correct errors in phase which can occur within a revolution
of the diék 2 and which can give rise to a track-to-track
phase error between radially aligned magnetic transitions
written during two independent write cycles and revolutions
of the disk 2. This is shown schematically in Figure 6.

20

Referring now to Figure 6, bearing in mind the way the

bursts of clock data are written to the sectors as
described above with reference to Figures 2 to 5, a random
phase error occurring during the read on for example sector

25 t-5, s-6 is written to the clock data at sector t-4,s-5.
This is repeated such that, in general, a random error
occurring during the read on sector t,s is written into the
clock data at sector t+1,s+1l. As indicated in the
drawings, these errors propagate randomly on independent

30 spiral trajectories across the surface of the disk 2 and,
in general, the errors are bounded only by the ability of
the phase locked loop to obtain a phase lock when data is

being read. Accordingly, even though the total phase error



t he phase | ocked | oop to obtain a phase | ock when data is being read.
Accordi ngly, even though the total phase error WO 01/ 67454 PCT/ GB01/ 00784
-14 in awopasuscul ar cl ock track around a whol e revol ut i paT/GB01/0d784 di Sk 2
may be maintained practically at zero, a track- to-track phase error
("TTPE") can arise between the radialfy-aligned nagnetic transitions
witten during two s independent wite cycles and revol utions of the disk

2, the trackst0s [ o) Vi rge bat| 2 LAS t he
ok | RN IR CE R ARG 4ouBL i 0B B80S
track-t o- ttheckiipkagemayr bie paiintadsetihprasédteddyt as aemuot - 2, sratk-i s

t 1Nt m the_1lo_byi f th ' d d d
[ ack. o) EPREE 2 BRESE: FEPe oGO8 e Ao CaPoR S B0 PR RIS he CBBr vo &1 ack

witing praeess1gndltiondd sRgwetheutrabbeetibng Wwhertepenatkiag ejot he phase
| ocked | oop and wi thout affecting any phase error adjustnment already

acting % o imdependenshasd tes cycless aadoyryoautinsr 64 the disk 2, Fhgure 7
shows SCh%fI%tétJ{;%'oUér%c Phidlske %#%%&%”k&%ingpEa&géu%a%%@gghggawaégd For
e Ion. requ C p

carrying out présen I nven €ncy source rovides a
vari abl e Zher efiekence fitequancpe Tbied Srosedignre spthdke phase control
section 21 as the source for the drive signal for the notor 4 which drives

t he spi ndIFET LR o A8r Lot ETaCKe PURSR ??r?ﬁep§éﬁpaF?eEB@ncy source 20
i s used t%regzgz%‘ifsattﬁ st '&?xﬁb'&r—%t,% .Of 1¢l ‘?L%kn@%’é@sES}gP%o‘l’Vﬁﬁhgﬁfj‘.sEOtth di sk 25

2. In acco nce wth the nethod and appar at us scl ose I n our
WO A- 98Y 31ti3d ap o thegeerdodepeddensy aolr canset tmacgetbi-bma2R of the

cirouit i s used Lo control Lhe bhage,of 30405 gheckelack argund a

writing process and to do so without affecting the
operation of the phase locked loop and without affecting
any phase error adjustment already acting to minimise phase

15 errors around a track on the disk 2.

Figure 7 shows schematically a circuit diagram of
apparatus according to and for carrying out the present
invention. A frequency source 20 provides a variable

20 reference frequency. This is used in a spindle phase
control section 21 as the source for the drive signal for
the motor 4 which drives the spindle 3 in order to rotate
the disk 2. The same frequency source 20 is used to
generate the bursts of clock data to be written to the disk

25 2.

In accordance with the method and apparatus disclosed
in our WO-A-98/31015, a low frequency index synchronisation
portion 22 of the circuit is used to control the phase of

30 the clock track around a revolution of the disk on a once
per revolution basis. In the example shown in Figure 7,
which corresponds to one of the examples described in

WO-A-98/31015, a back emf sensor 23 produces a motor index



per revolution basis. In the exanple shown in Figure 7, which corresponds
to one of the exanples described in W) A-98/31015, a back enf sensor 23
produces veO noéms4 i ndex WO 01/ 67454 PCT/ GB01/ 00784 -15 sipawiGBRY0d78om t he
back enf generated by the disk drive notor 4, the notor index signal 24
bei ng passed to a summng junction 25. The reference frequency fromthe
frequency source 20 is passed to a digital phase adjuster 5 26 which
together with a digital phase conparator 27 fornms a digital phase | ocked

| oop. An Quipull 9h trhemPhalebarll YhifehedBrat P23 enk0 dd sRalikgka gener at or
28 which génerates the basic data to"be witten"to the disk 2. A clock

i ndex si gmatoz94i s thas sedolr dmdeke spgasd adj bedag pesskd te ehe first
suml o5 Pl $hoBiSEs, s | S ba e, AR ol 26, e

out put of "t Juncti O Igi t ilter or

conpensat Giredlencly WauGleal2cadpRr ppkisalie tphasaiettagécbhageakdgusthm i s
enbodi ed in accordance with for exanple the teachings of 15 WO A-98/31015
to produceba"iiiche tpgeddesdistmenigiépdbPhass FPEVRIELOKe 270WCEMEquency
i ndex syngh Is i | A VO A= 9 SofTREM LB Phase
adjustnen% B%%ﬁ?%&ig%gﬁgbagkgégﬁEfﬁg'fiégt%@g Qléngatgre%\%higepassed to a
second sumdijngtieuneti ds dhssd Wher pladtlertdagenkeramoar Rar whdchar sector n

onoine O ok et SHL WL i ol el 92 e 9gollgd detgot ed bl
i s conpar ed oMt Anlike RARRI10D I e PREke2TrohUral Phbaienadiiseryt hg phase
adjuster 26. An up/down  counter in the phase conparator 27 neasures the
phase 1di toetdecigmstesugmipg deactiion @5t sdbeae Bitt $sanddedeto the
motor index signal 24. The output of the first summing
junction 25 is passed to a digital filter or compensator 30
in which an appropriate phase correction algorithm is
embodied in accordance with for example the teachings of
15 WO-A-98/31015 to produce a write phase adjustment thereby
to provide the low frequency index synchronisation
disclosed in WO-A-98/31015. The write phase adjustment
which is output from the first compensator 30 is passed to
a second summing junction 31.
20
When clock data from a particular sector n on the disk
2 is read with a read circuit 32, the so-called detected
bits thereby obtained are passed to the phase comparator 27
where their phase is compared with the phase of the clock
25 signal obtained from the phase adjuster 26. An up/down
counter in the phase comparator 27 measures the phasek
difference or error between the detected bits and the
generated clock signal and provides an output which is
passed to the phase adjuster 26 as part of the phase locked
30 loop and also to a second digital filter or compemnsator 33.
As will be discussed further below, a write phase
adjustment for the sector n+l about to be written is

generated in the second compensator 33. The write phase



generated cl ock signal and provides an output which is passed to the phase
adj uster 26 as part of the phase |ocked 30 | oop and also to a second
digital Wobvnes746¢ conpensator 33. As will be discussed fpReT/do1/EBoOwW, a
wite phase adjustnent for the sector n+l about to be witten is

generated in the second conpensator 33;5The wite phase WO 01/ 67454

PCT/ GB01/ 00784 -16 adj ustnent is passed to the second sunm ng junction 31

where it a.adg ok© t he %h% e ad%ﬁst Etn b%ained fnon1%he aarst
conpensat 815616 %r8§| §8°5°8 k50 egg afe SHEOEEneRtCFIPR Ad wite
signal . Thaegenpesikeapdase t> aduphaBBt atijusdaledtbybBanblierdghaynei r cuit
34 to the _generated pattern signal obtained fromthe pattern generator
28. The fiLA&FFy CARREBSAELHsB8d tRaPreVAdpesat RERPORALEt BRAES the disk 2. i 0
In an enbg h men e i second
conpensatogbggekgﬁkt 8923%%0R9a%% gggﬂaa Egg &?ﬁ g%t?sﬁgéggrated on the
basis df aﬁéuphmsatensoadthcby aswrmteode&ey omrceadlag thetharst of clock

data from_ at t th resent %g n t he Bre ed enbodi nent, 15
t he mmlte96ﬁ§§3 ! 5&98@ Pﬁn?ﬂe E8BoRA® BBRpEhBator 33 is
generatedggﬂegagogaggs OEhbhﬁlﬁﬁéi? pﬁéé@rﬁdbGEEQQU?QQtQEnr§§dtHQnthe
bursts of "clock data from several many previouslTy witten sectors. In

an enbodWrabtenatgetbealdigki Re phase adjustment y(n+l) 20 generated in the
second conpensator 33 may be calculated as follows: y(n+l) = a(l) .x(n) +
a(2) .x(n-1)+ ... + a(n) .x(1) .25 where y(n+l) is the wite phase
adj ustrent for rhhenseabedimeht obhai fedtenphheesaagugtmnenpe éﬂé@étéad x(n)
is the read hase error fromthe sectaor n. The constants a % to a(n)
in the second compensator 33 for the sector n+l about to be
written is generated on the basis of the phase error which
is introduced on reading the burst of clock data from at
least the present sector n. In the preferred embodiment,
15 the write phase adjustment generated in the second
compensator 33 is generated on the basis of the phase
errors introduced on reading the bursts of clock data from
several or many previously written sectors. 1In an
embodiment, a general write phase adjustment y(n+1)
20 generated in the second compensator 33 may be calculated as

follows:
y(n+l) = af{l).x(n) + a(2).x(n-1)+ .. + a(n).x(1)

25 where y(n+1l) is the write phase adjustment for the sector
n+l obtained in the second compensator and x(n) is the read
phase error from the sector n. The constants a(l) to a(n)
are weighted constants and are linked to the error arising
from variations in the spindle rotational speed.

30 Typically, the comnstants a(l) to a(n) are determined
empirically in advance to provide optimum phase adjustment.
Preferably, a(l) + a(2) + .. + a(n) = 1. This ensures that

the average error around a revolution of the disk remains



are wei ghted constants and are linked to the error arising fromvariations
in the spindle rotational speed. 30 Typically, the constants a(l) to a(n)
are detew@®nsdr4senpirically in advance to provide opti nunP@hesel/edpust ment .

Preferably, a (1) + a(2) + ... + a(n) = 1. This ensures that the average
error around a revolution of the disk remains WO 01/ 67454 PCT/ GB01/ 00784
-17 constant, i.e. as the phase is adjugted on the basis of plural

sectors, this ensures that the sumof the phase adjustnment does not affect

the total ceauRhntor itBe aketakUbhaBeadd BA18EQAMBHI PHel Bak9stosl N @
sinplistic 5 exanple for a three sector seguence, a(l) m ght be 60% and

a(2) and Bl3yrazoseehorser thisagoshsesekhapl tha( Ehmnp§hthbeph88ey a(2) 15-0.
and a(3) 5%:..A ingly, after..the initjial_contiguous clock track io 10
has been g&'Pfgﬁgégdagﬁésgﬁtaﬁféﬁggcgﬁ?e%?kéguﬁ?ugﬁdg?ﬁetgsrror at the join
is wthinrpredetebn aed honihForeantibal issWbkehesIhioackomklegpycnode.

During nost or _all of the tine that a sector is being read, the phase
| ocked 5 o6F2mPéRNEQTDY TthESEhEEELH| GSEBENOE. andlphBsghEohpablbornd7 is 15

active ang the gl ara§oypeeri-n Lheiph 27 1 EpiLiAaLkised to
measur e thé %hgse e#rgr bet%ggn % elgegggtggggg%?ﬁgiae%é%?eﬁigPFs?gand t he
cl ock sigsak,f rd@)t 6% phdse (&dj 88ter 26 in order to adjust the phase

| ocked | oop accordingly. A wite phase adjustnment for the first wite 20

is generated by the second conpensator 33 on the basis of the read phase

error as neasupedoirBihBeyPhagec¢oRRar #hQtidY c8RfighBusORPLARt LPAM th any
write phase adjustnent from the first conpensator 30, is used to provide a

conposit el0whasebphBswradtest apdt choeddi att hpewepreedtl aguntrandt tB4. 25 it
wi Il be ugg%5§tggdthgaso&geigh%ﬁghkgcfggdgeggmkﬁeahfk%&ts, control
switches to clock copy mode. During most or all of the
time that a sector is being read, the phase locked loop
formed by the phase adjuster 26 and phase comparator 27 is
15 active and the error counter in the phase comparator 27 is
initialised to measure the phase error between the read
data (the detected bits) and the clock signal from the
phase adjuster 26 in order to adjust the phase locked loop
accordingly. A write phase adjustment for the first write
20 1s generated by the second compensator 33 on the basis of
the read phase error as measured in the phase comparator 27
and, in combination with any write phase adjustment from
the first compensator 30, is used to provide a composite
write phase adjustment used in the write delay circuit 34.
25 It will be understood that the phase locked loop is "held"
under control of a "hold" signal 35 input to the phase
adjuster 26 during all steps in the process other than

during a clock read.

30 After the first sector write has been completed, the
phase locked loop window is adjusted so that the newly
written burst of clock data is read as well as the

previously written burst of clock data. The phase error



under control of a "hold" signal 35 input to the phase adjuster 26 during
all steps in the process other than during a clock read. 30 After the
first seowOn1/embs e has been conpl eted, the phase | ocked PODGBOM/ONIBW i S
adjusted so that the newly witten burst of clock data is read as well as
the previously witten burst of clock data. The phase error WO 01/ 67454
PCT/ GB01/ 00784 -18 then neasured by th&-phase conparator 27 provides an
averaged error across the sectors and beconmes a direct neasurenent of the
r ead-t o- wtihea ereasurethiby [hec phssies comppeated 2hi bxbvddewstinng t he val ues

of the constants a(n) s in the forrmula nmentioned above in qrder to obtain a
zero rea&Wﬁéggﬁgv%ﬁéOGbﬁﬁﬁmgﬁ Fﬁ@ §§F58§SfBPgtg§c88ﬁ§tén@§re§Fn), t he

clock tragea@RREmRatPICehe GRAGNESCGR] tas erdescr i kad sahoveeand jghown
schematically in Figures 2 to 5 wth appropriate wite phase adjustnents

bei ng gen&epeadeidn whd lstre addastd ngotpenyatloes3eLtt sher congsaatisi gind r equency
track-to-tra p Lrar r.ol Preferably. th read phase errors
Telh o8 g orargs MenbarusR Bus! dfisPyonr FPeHOsators

froma Trelativel pre F&%used in

the al gor irchdinegnpl ewred nigo operdhatie theevhlghsl FegueRey cohistanpBase 15
adjustnent in the second conpensator 33. For exanple, sone 600 to 1000
sanpl es pérl™evbhgt CoRKak BENESRY IS BEBEESHeRRNOPTORESHr @Sent i nventi on

has been thRed W rat i r :he l.e 0
T st at Sy e, plide R BULA SLALALEIGEID, SR ETEATRETS B0,
nmodi f i cat wand epproprimde twaritlee phrasepkhdgudeésentbetewnphigeneratedopa of the

resent inyention. .For exanple, the algorithmused |n.the second
Eonpeﬁ56t5 € §§088§CFPF@§DgEGFE ﬁﬁytﬁe%5PV&BFf@rgﬁghféFﬁﬂuency

track-to-track phase error control 36. Preferably, the
read phase errors from a relatively large number of
previously written sectors is used in the algorithm
employed to generate the high frequency write phase

15 adjustment in the second compensator 33. For example, some

600 to 1000 samples per revolution can be made.

An embodiment of the present invention has been
described with particular reference to the examples
20 1llustrated. However, it will be appreciated that
variations and modifications may be made to the examples
described within the scope of the present invention.
For example, the algorithm used in the second compensator
33 described above may be of different form.
25 '
Reference is made to copending patent application
numbers (1) entitled "A CLOCKING METHOD AND APPARATUS FOR A
STORAGE MEDIUM" and (2) entitled "METHOD AND APPARATUS FOR
WRITING CLOCK DATA TO A STORAGE MEDIUM" of even date, which
30 are owned by the owner of the present application, and the

entire contents of which are incorporated herein by

reference.



25 Reference is nade to copendi ng patent application nunbers (1) entitled
"A CLOCKI NG METHOD AND APPARATUS FOR A STORACE MEDI UM' and (2) entitled
"METHOD ANDOBPRARATUS FOR WRI TI NG CLOCK DATA TO A STORAGECNVEBLIANM78Of even
date, which 30 are owned by the owner of the present application, and the
entire contents of which are incorporated herein by reference. WO 01/ 67454
PCT/ GB01/ 00784 -19 CLAIMS 1. A nethodi®of witing clock data to a storage
medi um whilst the storage nmediumis rotating, the nethod s conprising the
steps of: (A) reading a burst of clockammsa froma present track; (B)
generating a burst of clock data for a subsequent track on the storage
medi umin accordance with the burst of 1o clock data read from said

present track; a( khtadqueis REikhagPkasekobathergenesabedgBumstiigh cl ock
data; (D) witing sald phase adjusted burst of clock datfa to said

subsequenwhtilstk thengtormgeEmeddpmatiengosaspag( Arheomebhoflor plural bursts
of clack data.ar.oun Eyolutkpn of the storage nedium thereby to wite

ar
cl ock dht§°F8r§§F&958§§é& ht O

dck. 2. A nethod according to claiml,

conpri sing the (a)epeaiiind) aBrsyti B thecrhdaeaefiom anpredened on readi ng
a burst of <clock data fromthe present track, and wherein step (O
i ncl udes tH&Csiep of adjusting the phase of the generated burst of clock

data on the bagh§ ebrdiediiPe Birdt ofMbieducadean sbead BaokBgulYESt Of

clock data fro
track on the storage medium in accordance with the burst of

10 clock data read from said present track;
(C) adjusting the phase of the generated burst of
clock data;
(D) writing said phase adjusted burst of clock data to
sald subsequent track; and,
15 (E) repeating steps (A) to (D) for plural bursts of
clock data around a revolution of the storage medium

thereby to write clock data to said subsequent track.

2. A method according to claim 1, comprising the step of
20 measuring the phase error introduced on reading a burst of
clock data from the present track, and wherein step (C)
includes the step of adjusting the phase of the generated
burst of clock data on the basis of the phase error
introduced on reading the burst of clock data from the

25 present track.

3. A method according to claim 2, comprising the step of
measuring the phase error introduced on reading plural
bursts of clock data from the present track, and wherein
30 step (C) includes the step of adjusting the phase of the
generated burst of clock data on the basis of the phase
error introduced on reading said plural bursts of clock

data from the present track.



25 present track. 3. A nethod according to claim2, conprising the step of
measuring the phase error introduced on reading plural bursts of clock
data frowoheepsesent track, and wherein 30 step (C) i nclpdesBoher78s ep of
adj usting the phase of the generated burst of clock data on the basis of
the phase error introduced on reading said plural bursts of clock data
fromthe present track. WO 01/ 67454 PEAP€B01/ 00784 -20 4. A nethod
according to any of clains 1 to 3, wherein steps (A to (E) are repeated
across the tracks on the storage nedium wth the burst of clock data read
froma 5 certain track in a step (A being the burst of clock data witten
in a step4(D) Romethatl acackditg Bonethihiodfacteiunsny to 8| awhedeimherein

Steps () hopelFh)a68 (BRoaed Locaruar Kobbaghel) LhacRLOLATRAIRI UM 10

6. A nmetho cor to’an rrsing e step of,
prior to stepage) me@nutm,nguplhuthe bunstcati véOCBudgt‘-@ sead| BeRmdat a ar ound

a 1 evolsut k@ReQlinl beatkouaos GRALUTL) OpREAY! EReanaLBE! ARt LELLY §8PAI gUOUS
clock track,K 15 around a revol ution of the storage nedium 7. Apparatus for

witing chedktent &0t 8 §t§PorEéefﬁ§dFGﬁF #BRFSt the storage nediumis
rotating, the apparatus conpr|5|ng 20 a data reader for reading a burst
of clock data from present_,track; attern_generator for_geperating a
burst of clock® H&FgogoPC§°§§B§8q§8nFTFE§cﬁ'owhgﬁglgt8E§8§ ﬁ%g €ﬁ1|n
accor dancedepm alret repkateld dbrckoekydairackear thenssairdge2hefiesnent track;

10
6. A method according to any of claims 1 to 5, comprising

the step of, prior to step (A}, writing plural consecutive
bursts of clock data around a revolution of the storage
medium to provide a substantially contiguous clock track

15 around a revolution of the storage medium.

7. Apparatus for writing clock data to a storage medium
whilst the storage medium is rotating, the apparatus
comprising:

20 a data reader for reading a burst of clock data from a
present track;

a pattern generator for generating a burst of clock
data for a subsequent track on the storage medium in
accordance with the burst of clock data read from said

25 present track;

a phase error adjuster for adjusting the phase of the
generated burst of clock data; and,

a data writer for writing said phase adjusted burst of
clock data to said subsequent track;

30 the apparatus being adapted to read a burst of clock
data from a present track, generate a burst of clock data
for a subsequent track on the storage medium in accordance
with the burst of clock data read from said present track,

adjust the phase of the generated burst of clock data and



a phase error adjuster for adjusting the phase of the generated burst of
clock data; and, a data witer for witing said phase adjusted burst of

cl ock datveovoerm&d d subsequent track; 30 the apparatus bei pPQI/asBapogs t o read
a burst of clock data froma present track, generate a burst of clock data
for a subsequent track on the storage nediumin accordance wth the burst
of clock data read fromsaid present tRack, adjust the phase of the
generated burst of clock data and WD 01/ 67454 PCT/ GB01/ 00784 -21 wite the
phase adj wstiee iines phefsecladusteiia buastaiof cldekedaeat tor gakdf or plural

bursts of ¢ ock dat a aro n revolution of the_storage nmedi umthereby to
wite cl oPS nit %ﬁs@&ﬂgﬁll xSk s F?fSC1R55afigFésa§€€8Fidﬁng to

claim?7, \Mw&mmlroble dfh%&x% SRI0rRlgea dedis uff th%r%ﬁs&a%e%r&eeaéwék the phase
of the generated burst of clock™data on the basis he phase error

i ntroducedasd teadiodg swbsaguentotreicdck data from 10 the present track.
9. Apparatus according to claim@8, wherein the phase error adjuster is
arranged to adjust the phase of the generated burst of clock data on the

basi s of the phapparkhuey mecdrdinhediecd10dn ee}dlwmgrallw ghebphsks of clock
data fromthe present track.
error adjuster is arranged to adjust the phase of the

generated burst of clock data on the basis of the phase
error introduced on reading the burst of clock data from

10 the present track.

9. Apparatus according to claim 8, wherein the phase
error adjuster is arranged to adjust the phase of the
generated burst of clock data on the basis of the phase

15 error introduced on reading plural bursts of clock data
from the present track.



