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-1- WO 98/31015 METHOD AND APPARATUS FOR PCT/GBIS/OONRI TI NG A
CLOCK TRACK ON A STORAGE MEDI UM The present invention relates to
a nethod and 5 apparatus for witing a clock track on a storage nedi um

I nformation for systens such as data prodessing systens is typically
stored on storage nedia. Particul ar use i s made of storage disks such
as magnetic disks, opto- 10 memgeedi sngi sksarAtdstberl i ke. One type of
magnetic disk is | I ed ' el assenbl " ' l.s intended

nor mal |y to be pé PO TRAGE N S GRS M em the

hard di sk assenbly includes the magnetic di sk mediumitself and the

associ ated read | e aead ' ite ata 40 the disk
and read data fr%gtﬁ%é%:érslgz MX%%FE@?‘ ?e\g/gltgg %o% W%g#gtg] %?151' sk is of a
type kndbwn apparabesabPs wedrang a clagkcBrasknen ¢ e6RsRges MelidMmagnet i c

disk nmediumin a protective plastics case which can be used to
transfer data bet ween data processi nglﬁg‘%/stegs by physical transfer of
the 20  disk it%BFPTPREAPBNECKHRENSHEMSo SHREL RSy data processing,

rranu;g;:t uri ggsﬁé@éagef a?gﬁaaimghsja@rlaﬁlr d)ndisabgagf midives, Pararalildirsk
assenbly consistin t he _head(s) ,,.the IS r._di.sks,. Lhe _and
arm el ect r offFEs =i @aﬁﬁuﬁ?eagf’ﬁa 5 dlflﬁ’?a?fué“lhl r‘?& LRIAon ﬁi&V\smﬁdsrB%tt%r
servo- woi t emagn&hécsdies, and whiet diker.i t &nea tywet exfh meignedgretdick is

| nformation,( EB@céi%%ﬁﬁ “hard HI&RK Q@) SR ke i%%&dewen&%lt(aaqﬁ rack

pattern econes e master reference which is used by the di

drive durin§onBeEnRRrEBeeaLilyn filfesh d&y a Fatdc ATOIGHRS R RS HRN/ sectors
on the di sknhes daka Skeeadt yanhdleiddsewtle magnetic disK meatien itsdikef abl e

to wite the seryo track .ontq the cor, It t.h i.sk. '
manuf :act ure f‘ﬁ‘& assocjated read %é@g{lﬁ%ﬁq% gle:a%ﬂsw af(flglﬁﬁgg” "
t enpor asy) dagektd5the ristk aonl crdate ditsk fisture treerddesk as Anethdngype
reference ¢ IR mdsthng O Ne @ﬁf@@?’%ﬁﬁ e LORNEI I ONAddYa~ @

separate cl oCk ad s used to wite track onto_. ,
which normally consists of a magnetic disk medium in a

protective plastics case which can be used to transfer data
between data processing systems by physical transfer of the
20 disk itself from one machine to another.

In manufacturing storage media such as hard disk
drives, a hard disk assembly consisting of the head(s), the
disk or disks, the motor and arm electronics, is mounted in

25 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 which is used by the disk
drive during normal operation in order to locate the tracks

30 and sectors on the disk for data storage and retrieval.

In order to be able to wfite the servo track onto the
correct positions on the disk during manufacture of the
disk, it is necessary to write a (usually temporary) clock
35 frack onto the disk which serves as a timing reference
‘during writing of the servo pattern: Conventionally, a- "
separate clock head is used to wfite'the clbck track onto ’

—



WO 98/ 31015 PCT/ (3B98/ 00012 . the
di sk. Ho e use of a dedicated clock track Wit .S an
wgglsmw g ﬂ&%ﬂ%@}g_z

expensive addition to the manufacturing process. 5485322
di scl oses a nethod and systemfor witing a clock track on a storage

medi um usi ng an internal recording head of a hard disk drive. A timng
pattern is generated on the storage nediumw th the internal recording

head and a radi al. _posi tJ Q value eddn radi.ally 10 sitioning the
i nternal reé%%d?lﬁg ea Ql_sI\)&e‘t’er%rrr];éneu%.Se %Fhe%_d%(al;%eartveglﬁ:a Cfcg? ntﬁascq{wri tten at
the | ocati omgigéngr massl Uy arhexpensjaree eaiddd itGmmitiey Qe e ek uaidiaal

posi tioni ng gu@jdds .| n effect, in this prior art system the clock
pattern is witten in an iterative nanner across the disk. However, 15
there is a problemin that this nmethod can introduce phase di f ferencés

in a clack pattenus-potsnsssazesiecilios:d racder il and (918 tthin® kf o rASwAl th 1i
will often re(:!:uiiorcz< r{:an%c};t Q)(%_lusanq:rs%D of e ecf'l ock st.racks across the disk, even
very snmal |l phase F oY it TR HBK ‘r‘ﬁ%l&‘&é}?aﬂnﬁ’hﬁ?%%/ becone very
| arge. 20 recordingS-hea®l48420 dirst|dissis danioteher Pexaimping gfattemyrstisn f or
witing clo | ' i c AF : é#ﬁ% ' IS
read to proﬁ%égera re grﬁgg:?é% %ot(rat eém%‘%gvg#m ttﬁéaphrgéc och rselcgo'r?% to a

subsequent thefck anpb a radial pR&GAHS oalye redisPectadialhe present
inventian, posititeiind cHY Qvwitacha Meddei g WMddd Nk docdrditdad! 0 Bhe

storage nedi um havi tracks on which data are stored, . the . t hod
Comprising (TR GRAGRET g wEitten at hus Tacakigns decermined b chbe
track on thegeneratsidrageimedatiern and radidd pesit ioniey dvakuet enInl ock

data from Saéf’fé!ftﬁ‘,son Shis hESIIJ*.acS%J‘;art: system, ((He Q?{;@é}@tﬂé‘zgcé QCkgdata for

a subsequent track ol the storage medium fromthe cl'ock data read from
sai d priésidiien rglan iterative manner across the disk. However,

15 there is a problem in that this method can introduce phase
differences in a clock pattern between respective tracks on
the disk. As a disk will often require many thousands of
clock tracks across the disk, even very small phase errors
in the clock track can cumulatively become very large.

20

US-A-5448429 discloses another example of a system for
writing clock tracks across a disk in which a written clock
signal is read to provide a reference for the writing of
the clock signal to a subsequent track.

25

According to a first aspect of the present invention,
there is provided a method of writing clock data to a
storage medium having tracks on which data are stored, the
method comprising the steps of:

30 (A) writing clock data to a present track on the
storage medium; .

(B) reading said written clock data from said present
track;

(C) generating clock data for a subsequent track on

- 35 - the storage medium.from the clock data read from said
" present track; S ' +



3 (D) cofpapitif tHeEBNSHEESS t heSGenerpted cl ock data for the

subsequeRry ,ml(gwubﬁl pageal& e tiofad signal and adj pel/GBoR/GER phase
bsequent track in accordance with

of the genpEHtRmGH OCK pelalal; 21 S
é #0{55 e Ll sai d phase adjusted cl ock data
i

sai d conpaf gk DRawiagd) -
for the f Reqeuient Seaguent track. The use of
the referehge timng sfdhal it ¢ ?dna‘f """ phase errors, arising for exanple

fromvariations i he 10 hase us effec S (sych  as
propagation del ayzD CPWp?génﬁ/r Fg gﬁ?ﬁl P% FE‘E HEGRER @deF;ié’cﬁ‘s awriting
t he t ranstbronket subbeqdesk amdckewdichgat re fetransiet itdmsirfy eignal kedli sk

wthin the maggebsgheatle BAdabNBeT AL GUANDSL AN ocydaaade Al qUid Ty) can

be significan 0ses stant
el i m nat ed. stlbsgqnept trﬁ@&esgaaycwdpmu dretéx @@dﬁcmanm,r eadlwrite

head as 5 requireg)i WriiR pet—&a ewas%y%a%%ted clock datie fybsagent
track may be the track I at el Mthe resent track.

The steps (BfuP538EFnﬁa§rrB€ réﬁeéf’é on the storage
medium wth the clock data read froma certain track in a step (B)

bei ng t he clockd |tt n n2 dor 1. track Thu t he

cl ock data for T ;{Yl;sacl? |shge era e%l%%r Lllﬁxg Shl%%e c &1 eg”% ock data
read fromhaspr eriroxs .t BxdBinghd qrh &xempdjeu finasnvardiatg anslein rthe

accor dapge “’Phgsﬁh%ﬁlﬁﬁeﬁ%”%rﬁbms”%ﬁfe%@ (suc'ép as grogae%u(cﬁ) dé 4 can

be repeated ever track on storage nediu ternat|vely,” phase
adj ust nent mip the @’rﬂlﬁehé’\?‘é’%tbet&%r“}aéd‘%}{c fetfrf%rﬁa‘?ﬁ Y ipadtikie  such

as heve[1 y t&%ﬁ?ﬁ.@ﬁ@fnsﬁ‘\t@f ¥ hiehidrig X ralilﬁk reading the ltrdhE Cismarfsen step
Subsequent ' ESk e BETRR KBS g S ARG TS TR b ¥t
t he phase decode c1rcu1try) can be significantly reduced and for
15 practical purposes, substantially eliminated. It is not
necessary to provide a dedicated clock read/write head as
required in some prior art systems.

The subsequent track may be the track immediately
20 following the present track.

The steps (B) to (E) may be repeated across the tracks
on the storage medium, with the clock data read from a
certain track in a step (B) being the clock data written in
25 a step (E) for that track. Thus, the clock data for a
track is generated from the phase corrected clock data read
from a previous track, the phase adjustment being made in
" accordance with the reference timing signal.

30 Steps (B) to (E) can be repeated for every track on
the storage medium. Alterﬁa;iyely, phase adjustment may
only have to be carried out for some of the tracks, such as
every second or every third track.

v - 35 In the comparlson step (D), the phas;e; of the generated,
clock datd to be written to'a present track may be ad]usted
by an amount which takes into account the phase adjustment

- - ‘ -~



4 adj ustment used for clock data witten to the present track, the

phase difference between the reference timng si gnal ‘%Végg &ﬁ ér at ed
cl ock da Qgﬁ’é‘m}?at ed fromthe clock data read fromthe H ack,

and the phase 5 difference between the reference timng signal and the
generated cl ock data generated fromthe clock data read froma previous
track. In a particularly preféﬁfed enbodi nent, in the 10

conpari son step é[» t he phase of the generated cl ock dat a to be witten
to the subsege@nforratkckh+dats ad}useedtbyaaprev1ausunra¢kn)thabshaBE|aIIy

equal to (Tﬁﬂféérengg[SéE&éQﬁ the rgkgiéhég El%ln gnginaﬁa kRel N€ phase

adj ust ment used f data witten to the pres track n, T[err](n)

is the 15 pﬁ%%%rﬂF??eF%ﬂEE @%Fﬁe%ﬁ PRewFéEERBnE® ENRi RGESPBRaFTARE.  the
gener at ed chﬁaktldatphgseeaafﬁéréﬁ@m beewebfAckhdatareeadce thim@pgt he present
track n. and, Tge%r% éne%g S_the asg " gigfeéeng bet ween the reference
tining 3i gnar9%Ay ¢h g%ﬁ8?5?8 cFoRR 48R3 gERePSt ¥G1FFSM £ReSBl8ck data
read 20 fropreweopsetvisak.track n-1. Sai d previous track nay be
the track which i mredi ately precedes the present track. 25 The

storage nedi um may be a di sk, The di sk may be a magnetic disk.
30 The di skife$ Bartsdgplaglvorzefsrseds epbpdimenty thethe (i sk.

Conveni ent | yompAeibbHl Bgepef(e) eneReSpthaak BEY the geneQaEéan@doEmpﬂhEBe back
ent (eI%Ctrgnnggvgrggggg)tgfaSprgsent tracklngls agjusted by an amount

T(n) substantially equal to (T{(n-1) - 2T...c(n) +

Terror (N-1)), where T(n-1) is the phase adjustment used for

clock data written to the previous track n-1, T....(n) is

the phase difference between the reference timing signal

15 and the generated clock data to be written to the present

track n, and T,,..{n-1) is the phase difference between the

reference timing signal and the generated clock data to be

written to the previous track n-1.

20 Said previous track may be the track which immediately
precedes the present track.

The storage medium may be a disk.
25 The disk may be a magnetic disk.

The disk may have a motor for rotating the disk.
Conveniently, the timing reference signal may be obtained

from the back emf (electromotive force) of said rotating
30 motor.,

Alternatively or additionally, the timing reference
signal may be obtained from a probe which detects movement
past the probe of an index or indices on a rotating part of

35 a disk drive which includes a disk as a.storage mediun. '
during rotation of the disk. The index may be an optically



35 Alternatively or additionally, the timng reference si gnal may
be obt ai\pePshidis @ probe which detects novenent past POEGBOB®IDf an

i ndex or I1ndices on a rotating part of 5 a disk
drive which includes a disk as a storage nedi um during rotation of the
di sk. The index may be an optically da&tectable mark on the disk and the
probe may be an opti cal sensor. Alternatively or additionally,
the probe MRy, De:3pi0Nnark GANEAE! dhBRuEHLYrRr phendiely 4R ot Subiaqent

t herepast o Fea ures on a rotating part of a disk drive. Such features
may be scre@ensfrthe hub associated with the rotating part 10 of the disk
drive. A suitable non-contact inductive probe Is a Hall effect probe.
The tim ng reference signal ,actual l.y..used be.a tatisti,cal_average
inthe tine dorrain‘EtSFnégﬁlvﬁ}Xl Pfcya(#h% onﬁg'?%l}(’t ietrrﬁen&rro o e % i

Thi s segveschataedudadukeive probleemhdfchy atdtatdtensnaventans ttiherepasf epfnce
signal whic m cuyr .aver .t : r

track copyi E&a&g%’s% LAZEO-EQ%:L% C(,p(;%%g-‘l @.t%%éﬁ,%nlgyi'spﬂaﬁ)#? e@f)ér(sesent
i nvention, may beesereyspodyitéed habpasaami gted with fe | xRtk vbia Parh

storage medigmcBavidigx ek .On Aol HAlA Rie iRk idtuct ivaPpAsE s

conpri sing: | Wit n% nmeans for witing clock data to a present 25
track on a dtoraf@lde@fffct Probe. eading means for reading said witten
clock data from sai d present track; generating means for

ti | ock dat g .f [ f
Phe clock dat a 504 aaiamd pei e Hiial | Arly N6 Sd SRATERETE! JT 1O

adj usti ng ness ifodricEinpardnage Ho gHeg etime _@ﬁmz’!m_@%n%rla%‘éﬁa l_i-‘ékfk?éat a for
tﬂe SUb?eqﬁf‘éHcﬁ raGk i 1k ferencd & £504CL. i PhiW SéBRas eddradiust thg the
ase of the . .
P problem of variations in the timing reference signal which
15 may occur. The average may be taken over several clock

track copying cycles.

According to a second aspect of the present invention,
there is provided apparatus for writing clock data to a
20 storage medium having tracks on which data are stored, the
apparatus comprising:
writing means for writing clock data to a present
track on a storage medium;
reading means for reading said written clock data from
25 said present track;
generating means for generating clock data for a
subsequent track on the storage medium from the clock data
read from said present track;
comparing and adjusting means for comparing the phase
30 of the generated clock data for the subsequent track with a
reference timing signal and adjusting the phase of the
generated clock data for the subsequent track in accordance
with said comparison; and,
means for writing said phase adjusted clock data for

- . 35 the subsequent track to said subsequentgtrack.



generated clock data for the subsequent track in accordance 35 with said

conpari , means for witing said phase adj k data
Weodscquent «ra Yool Bshiots

for ck to said subsequent track

6 The conparison and adj usting nmeans may i ncl ude neans for
adj usting the phase of the generated clogk data to be witten to the
subsequent track by an anount which takes 5 into account the phase

adj ustment used for clock data witten to the present track, the phase
di fference betweBre copparigperandeadiHFRYNE| GRANSaRAYt hBCuAEr HE8&Sc| ock

data gengsat £85 is0thd henel prksdaba tradgbhepntba pPlLesRNHatkagl, be and

th h di ff bet th f tim 10, si | d.th
geﬁefa?gg c+5b§£%£§§°g§nﬁfggﬁﬁt?F%%F?ngcgnc%géggaawggkgggakggnﬁgtg?evious

track. account nthe pphéseuvddihgtpenteused €Enbodiioekt dathe wedmpan $on

d adj wsti ' i LAg.t f th
Gonerar Sd of GRREaLob EAHER? PRATBnaGe, ALEUS RO BELRIRREchs DL (Y o
anount T(n)refesenaei bimjngqaagnad ppdnthp generatpdr FLofk fatperq 1)),

where T(n-1)riecéAecBhang preddhdstiBek,used toae phael datrFemdrddeen to the
present track g rence

n, Tlerrl(n) is the phase difference between the ref
20 timng sPSEEFeﬁthLhEe% RERSEel LB1-58K S3FPE g B8R &ggdgﬁﬂﬁﬁateinﬁ}%ﬁ ck
data read fdagat be beesetttenack saidngrévdous(mrdck. is the phase
differzﬁce bet ween the reference timng signal and the generated cl ock
data génerated fromthe clock data read fromthe previous track n-1. 25
The apparatus na§ni Acbadtisudasliyoprededrad wbedimentef dhen GOMRAH RPN

si gnal . and adjule iagp%%@s Y irRAhRE niadisS e ot AIBAR UM Whe 30
The di sk may be a magnefic di sk. ,
phase of the generated clock data to be written to a
present track n by an amount T{(n) substantially equal to
15 (T({n-1) = 2Terror(N) + Terpor(n-1)), where T(n-1) is the phase
adjustment used for clock data written to the previous
track n-1, T..(n) is the phase difference between the
reference timing signal and the generated clock data to be
written to the present track n, and Te..(n-1) is the phase
20 difference between the reference timing signal and the
generated clock data to be written to the previous track

n-1.

The apparatus may include means for generating a
25 reference timing signal.

The apparatus may include a disk storage medium.

The disk may be a magnetic disk.

30
The disk may have a motor for rotating the disk.
Conveniently, the timing reference signal may be obtained
from the back emf (electromotive force) of said rotating
motoxr.
35 A . . e . )

. ;) hal . o
. Alternatively or additionally, the timing reference

signal may be obtained from a probe which detects movement

- - .. : _-' “ e



The di sk may be coupled to a notor for rotating the di sk. Conveniently,
the tim wpssaersence signal may be 35 obtai ned fromthe bZET/EHHS/00012

(el ectronotive force) of said rotating notor.

7 Alternatively or additionally, the timng reference si gnal
may be obtained froma probe which detects novenent past the probe of an
I ndex or indices on a rotating part of a disk drive during rotation of

the di sk. Tb@stndﬁé pepbeeot am QmHeealdry idelieeisaldre arwdtmﬁejlepech‘tskoﬁnd
t he probe may

sensaqr.. r nat [ veI or.,addi onal I
Hal | ef f ect 2pFoBE gflgﬁhgf"rr’igﬁ &SRR r‘i)oEe T E pr%be Trrrge Aé
movement thenepasticeflliedeteesal ea meotkatdmghrardisld and at‘-h:ﬁ sHKerPGF veay Such

features m%ebgns%hg‘ﬁ’%a§5§%ﬁ's%}£d ‘M].téﬂéﬁ%ttﬁ lr}ptd?it 'é&i@iénﬁl%hea di sk

drive. timn erence signal actual]y_used
stati st Bcal Havdr g§deck PreDe p& QGREH M-£PASH inAwstive sxemb% i PR¥ig

reference sig@gRaks mbVemene! \t@&ztégaarsﬁﬁus:@ b PIab| £rof atviridy &@@San
the timng refer g .Si_gnal occ r. The avera % ken
over severalP g‘k 1V&-ac %“ ‘E‘Sﬁf?l € screws % haht

pr esent invetrrntel mt\mtlﬂngw@aztmecﬁ)uiesodmjecﬂmwmay of exanple with reference

to the acconpanyi ng drawi ngs, in which: Fi g. 1is a
schematic representation of a prior art schene for cEyl ng cI ock track
data adiOoss the &§ihef &oaiglo Feferfinge signal actuaglly vse@onayihe 2

progressi ve &ff ft%@tl@‘alarax@&?a%?élﬂ&? the PHRSEIGEYANCEET A pb@rélgey bEack
copyi ng schene of Figure 1, 30 Fig. 3 shows the ogr gﬁSlve
ef fect of a@qqhﬂﬁqm%ﬂgﬂﬁeference signals. ThIs serves to re uc

problem of variations in the timing reference signal which
may occur. The average may be taken over several clock
15 track copying cycles.

Embodiments of the present invention will now be
described by way of example with reference to the
accompanying drawings, in which:

20
Fig. 1 is a schematic representation of a prior art
scheme for copying clock track data across the surface of a
disk;
25 Fig. 2 shows the progressive effect of an excessive

phase advance in the clock track copying scheme of Figure
1;

Fig. 3 shows the progressive effect of .an insufficient
30 phase advance in the clock track copying scheme of Figure
1;

Fig. 4 shows the ideal clock track pattern across
adjacent tracks on a disk;
N 35 _ e



phase advance in the clock track copying schene of Figure 1, 35 ,
Fig. 4 s i deal clock track pattern across ad] pepBhodidodfks on a
di sk; agﬂﬁ@%ﬁ§8

/31015 PCT/ (GB98/ 00012
- 8- Fig. 5 shows the steps taken by an exanple of a system of
and net hod according to the present invention which uses a timng
ref erence; 5 Fig. 6 schematically shows howjitter in the tining
reference may be elim nated or substantially reduced, Fig. 7 is

a schematic drawFhg-f &r seRpPakhengteReé Gaken byoRnpPHpEPleePdr én@yYSUEM ces;

and, 10 of andFh8th8dl 8cdosehBRBkLC cHeapradedt ankahe idinskndidny &isad
appar at us accotdLng to _the presenf invention. In Figure 1, in

step 1, a mBghéPiBIcFEERTEREGErn (the 15 "wite data track") for one
track n of a magnetic disk is witten to that track n. The clock track

pattern _which is_. witten,i.s r I r % . in
step 1 5 of FFd@r'eGLSC e%tlcaaqu%E‘%g%ogﬁ?%ﬁ sg(%l%e]%u\sg?l \%rhljet ?:é'rﬁm track n
i s then readeferengacaynbet ef itindted axt ebassndtiald yvacragadedwritten to
the disk is a series of pulses 2 of information on the disk known as

the "linear head signal"”. These pulses 2 are decqded for xagPI e into
peak detected bi F&H flofls pad@ehe et ic grasidigh foF a?"tﬂfn‘-:l:i%tﬁ e

Those skill eF iglud¥ ddferencenilddiajyy ecimi,e that other decodi ng schemes
for decloodi ng the pulses 2 of the clock data for track n can be used.
Fig. 8 is a schematic drawing of a hard disk drive and
apparatus according to the present invention.

In Figure 1, in step 1, a magnetic clock pattern (the
15 wwrite data track”) for one track n of a magnetic disk is
written to that track n. The clock track pattern which is
written is for example a square wave 1 as shown in step 1
of Figure 1.

20 The clock track just written to track n is then read
back in step 2. The pattern which is actually written to
the disk is a series of pulses 2 of information on the disk
known as the “linear head signal”. These pulses 2 are
decoded for example into peak detected bits 3 for track n

25 as shown in step 3 of Figure 1. Those skilled in the art
will appreciate that other decoding schemes for decoding
the pulses 2 of the clock data for track n can be used.

In this prior art scheme; the clock data (the “phase

30 locked loop clock”) 4 for the next track n+l shown in step
4 of Figure 1 is obtained from the peak detected bits 3 for
track n shown in step 3 of Figure 1. As can be clearly
seen from a comparison of the clock data patterns in steps
1 and 4, the clock data 4 for track n+l is delayed by a

35 . time T relative to the clock data 1 for track n. Thus,
when actually writing the clock data pattern to track n+l,
it is necessary to advance the phase of the clock data

; - C
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In this prior art schene, the clock data (the "phase 30 | ocked |oop
cl ock") wofssnidiee next track n+l shown in step 4 of PLCEHGERIB/NNNZ
obtained fromthe peak detected bits 3 for track n shown in step 3 of
Figure 1. As can be clearly seen froma conparison of the clock data
patterns in steps 1 and 4, the clocl®-data 4 for track n+l is del ayed
by a 35 time Trelative to the clock data 1 for track n. Thus, when

actually Wé%ﬁ@ﬂné&'elﬁl QEEpd@tB Paltehe O sbr eﬁgcntﬁe clocw lac® Becessary

to advance t hase
PCT/ GB98/ 00babe wrlte data track) for track n+l shoyn 1n stem & d i n st ep

4 by a ti mFIgﬁ@etmaist he gh@gg @atha the clochedetiat @ daka tidaatkn for track

n+l shown in step.5 gy e 1 'i in phase with the clock data 1 for
track n Eﬂ%ﬁannngBp 1°8f FPYafe 1. 5 The delay in phase T
relative to the original clock data is induced by several effects in

{he manufact ur Ngne dePQOSHOPRIGR 3 RAGRAGA! ke IR A b NS ©

circuit, t he net cts o t he tran5|t|ons to 1 e disk 10
and readi ngdeka @ﬁaﬁ§ﬁPFGﬁSer§ﬁVFm§Lm%ﬁ@Qﬁ iR the manufaghieting head,

and the reaﬁr@@éﬂgeku@'ﬂd a4eeReRagatGWr [delays inSRR: Grilteseiahiacts can
produce a phase

vari.abl e and whic vary Wt
posi tion of tPﬁe‘“ﬁ@é‘&)élc 3%§€F5§s °tfhé"rd1t§R195LfF¥eacFéf Qdf”?fa 4P 5. (;1]15}5
Thus, as thanfeakaddnectdd hirbnsihdwnd frdrexrh? efisk withigurtthd are used

by t he STV RabRAR Mk, AIREHL YUY chanddORAP AENHA! S 106 CLpCk

track write necessary in praciice to adj ust
t he phase oSomgeof0 thﬂsiet effschs @ran rmd‘mel Hphasardeine whigh 1is

I f the phas¢ 3quanee atrid‘r%ldrﬁ nfelP JARP8 AN posit SHDSEHUEHE | e £@pi ed
tracks become nore 3 nDreJ%l sé a dvanced relative to track n, the
t

resul tant cP&ERSSa Rt $3% ks is shown in Figure
2. |1fishe phase advance time Tis too small, the clock patterns

subsequently copi.ed to th res Ogegogg nor e
and nore phase d "ﬁfefd sy aﬁ \Fpat% %rac‘%gé]gr%%@é éﬂg“&l§f3fn ?te thrs being
shown in F|gugmr§ 1 e disadhedy the servo track writer phase locked

loop to generate the clock track write data for track n+l,

it is necessary in practice to adjust the phase of the

20 write data for track n+l by a variable time T.

If the phase advance time T is too large and
subsequently copied tracks become more and more phase
advanced relative to track n, the resultant clock patterns

25 across successive tracks is shown in Figure 2. If the
phase advance time T is too small, the clock patterns
subsequently copied to the respective sequential tracks
become more and more phase delayed relative to track n, the
effect of this being shown in Figure 3. Indeed, the

30 variabilities in the copying process, with the associated
effect on the amount of phase difference T relatiye to
.track n or the other immediately preceding track can cause
a mixture of the above phase advance and delay mechanisms
occurring. The clock track data written to successive

35 tracks can effectively” “zig zag” across the disk tracks
relative to track n. ' )



30 wvariabilities in the copying process, with the associ ated ef fect

on the phase difference T relative to t r aGlepioRysobéle Ot her
B E:

i medi a cedi ng track can cause a m xture of the above phase
advance and del ay nmechani sns occurring. The clock track data witten
to successive 35 tracks can effectiyggby "zig zag" across the disk
tracks relative to track n. 98/ 31015
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- 10- |
track write prockBsa &RFVPhEERCKf WEFhECaBEPESSS, BhsERTERCES &Te ROGMey

g_ndﬁsi rgbl ecafis8ai¥ntBousandrighly un@kgtkablacks aneyr efviusachdaCloFss the
IS an eve

I | at . | . Th
deal 5 oFOBRRpEFREKfs ShEr BRTULReRceErrER: PABKEITE SHBWE R TR | 4
in which thertoasscanoascimbhétveeanddpacent tweaykdamge. Theerifdeatll y
allgnedsor ghigReflatBelhe LEALECELLRAREINES trackiCliBSSHA S 1 the
K. 10 n-order to phas

di s . . overcone the variability in the
duri ng copyéngnowhigd &heckraasathengednbstvesssiafd doeadksracks jare

accordance WelbfetRe,PLe3gREA BY-ERYIiQMhedd th MHY requitki® e dricdised to
nodify the wite dafa phase adv ncg1 , time T during the copying process.
The ref er en@ETRAFC P CaFUFE2CKe Ofs ER sy for exanple a back enf

(el ectronotive force) detection circuit provided on the notor which

rotateg e o ooitl Bachl b ke hAdldifalioy AN & gl ProDe of
sensor “nmay detect sone feature or features on the rotating part of the
di sk drive; dwdlaf ssyriacoeff dheudodniaie Peiveen Syt vh §rrcks.,

rotating parity Qe dh@ i viirt'hV%h%'(ﬂ}:eas%n‘q invdie: {HsK dttsi%i‘ngt he not or
spi ndl e, dlgk_planp, SCrews on Ipe qégk hub,(g%c.\%gch qgn be

det ect ed optied&naRasy h&rsed to,mak tynthe mEitR @R FRFNIVEREE Hal |
ef fect sensadin@ T durididhahen@omandagirodskest | VEhgrodiemncd ehanchietant
f eat ur 25. whjch, rotate wth t ' . J

Fi gure 5, arJf3 63e>é‘1tseerdn A=y ek?ee\r@eonll(; ee}%\“ﬁ(? nkadeaacl]b elns‘f OE)? %ﬁ%%%ﬁ? hgéf??nﬂng
ref erence sutgtentidre circuidi growided ekt ket mefepecvirbeh cFeeat €S of e he

sensor 30 ngady onedh @by i vdie & Mad ©fohdBIPhase dRekesal oppobE 0k

sensor may detect some feature or features on the rotating

part of the disk drive; such feature or features may be a
20 reflector on the rotating part of the disk drive such as

the disk itself, the motor spindle, disk clamp, screws on

the disk hub, etc. which can be detected optically by the

probe. Alternative sensors include a Hall effect sensor or

other non-contact inductive probe which can detect features
25 which rotate with the disk.

As shown in step 1 Figure 5, an external reference
index 10 is obtained from the timing reference such as the
disk motor back emf detection circuit of the sensor

30 mentioned above. The timing of the phase locked loop clock::
11 derived from track n-1 is measufed relative to the
reference index 10 in step 2 of Figure 5. The difference
Terror (N-1) thus measured is arbitrarily set to zero in this
example. As shown in step 3 of Figure 5, the clock data 12

35 . for,the next track n is Wwif¥itten with ‘a phase advance of
T(n-1) to ﬁroduce the clock track 13 actually written to

the track n as shown in step 4 of Figure 5.



11 derived fromtrack n-1 is neasured relative to the ref erence i ndex

10 in stwWpP9g3wisSFi gure 5. The difference T[err] (n-1)PCHGBISRMIUred i s
arbitrarily set to zero in this exanple. As shown in step 3 of Figure
5, the clock data 12 35 forthe next track nis witten with a phase
advance of T(n-1) to produce the ctprk track 13 actually witten to
the track n as shown in step 4 of Figure 5. WO 98/ 31015

PCT/ GB98/ 00012 - 1

descri bed bri efI‘an de%crJé?eecrie?ngleef%)yF‘réﬁ?er?Lfgﬁgr\}%e do Fl?‘ﬁ cﬁocéédata for

track n is YREFIFHrIdtacioRet5ackan| 28 read FPnREPVABAdtERgRarcadleer

track n and fesoflegeadt 9ignal 13pobietpadr Af aﬁ@aaed@aeat gdtbi s 15 for
track n as shown i eak det ect egebi ts

L
bettorn 14 Barern g g, BaSR Jolbated RErs, 5, Fot . PRAN Br SonstorpeLen
patterns stdp Dfof hBighasesl ockhdsl pepkcdeckcuéﬁl biitel patbeba agedofor
the next ”ﬁ&d@*& 1é9§58d édeéPﬁ‘éC%QagE ¥Mat 85 Ege cil.ocRr §‘E'i!fer

I nventi on e externa reference i ndex 1 sure e
timing of the phatle| pBRrEE Lesked| derp clockautbimateldetpvbg Heem £oack n.

The error Tige rﬂxéﬁat}. €28cken+1. Agamnthha manaéebgdanEEI @iBANtHRro error
Tlerr](n) resents.a s Hgl shift | Esghase of .the Iock tr ck

and requi re%r%%‘i“? cLPKGRARR: t nE%FeEPB RDFGr 1pAgEi L 515 wisd
actualiy wtbdteeasarer dae tomangi gft Inhepbhaee lockadvanee aldckel ay

pr obl ems ”E‘”#QQ)EH i‘goégrlvgd from tracﬂ gn e)f.ggpl %ggg' tl'he RE‘ S%%%lerbre] (n)

i nvention nce required’'to"corre t N&E*ETT
can be 20 seancubabedn@ec@eapng tI'blEBh@OfnoIZIem ryThor Ruw-a:(n)

Tlerr] _T[eféﬁresgIEgré]ﬁﬁhli ghﬁ?&]ﬁ%ﬁ%he Fhase oflthe clock tra&ﬁguat'on

1 can be rewitten using the known Z- ransf orm echni que as us
digital con®R8l rFﬁBéF95a§°rreCt1n9 when the peyr clecy) typgh for 3
(z) + Igerrknéz) iz[ eethall®) writterwirchrdeeoresavoid the phase

advance and delay problems mentioned above.

In an example of the present invention, the phase
advance required to correct the error T... (n) can be
20 calculated according to the following formula:

- 2T (n) + Toppor (n-1) (1)

erxor

Equation 1 can be rewritten using the known Z-
transform technique as used in digital control theory as:

T(z) = T(z).2" - 2T, ;0 (2) + Tersor(2).27% (2)
- 25 which becomes:
_ (z71-2) |
T(z) = m e:roz(z) (3)

More generally, equation 3 can be rewritten as:

\ | 3 %

- . : . _ : o - e

-



T(z) =Jerr]. Tlerr](z) (3) More general ly,

equatio e rewitten as: WO 98/ 31015

oo caod g 8Ee _1p.  FeT/cRosO0

T(Z) =@ z) .Terror (2z) (4) The generalised equation 4
can have the Z transform G(z) optim,sed to the specific user
application to filter out unwanted noi se or disturbances in the
correction al gorithm and achi eve an adequate systemresponse to ensure
a reliable and accurate correctTéR) aF§ded t By, (2) The thus nfddified
phase advance T(n) is used to generate the wite clock data 17 for the

next track n+l sho In step 7. of Figure 5. The ock signal 18 read
back 10 from ?L?laec CHEL aiWn ssegloﬁg‘faﬁ: qurépéFS"gatﬁ %ﬁvgeu rtg‘%.cé tﬁﬁ%sgc?%k
pattern 18 Gl tardcknisell it ddmodgrkdic ipr awsale spyleadation trtetﬁ'nﬂmirlro]i ts
pattern 19 Hie : | : ' The phase

| ocked | oopgt{:tloorﬂé{zj pat t({]e;?g?l% %pmdéeeﬂfl\s/%agpﬁ?g%nﬂ hte%eé;i%c?te%?%d bits
pattern 19 dlgoagHdim iand chigvgy arp adequafif esSyBtemerasnPisadi yentutRen

fromthe a redriaMigsadd fddi¥a o, cdedase Ayecenerror Tlerr] (n+l) in
t he phase | ocked | oop clock pattern 20 derived fromtrack n+l is very

much smaller than the error T[err](n) for the previous track n shown
in step 6 of Fidihee thusihedisHieai hse tddvaxdernhat) tisnused efer ence i ndex,

cllock patfarmartd che wififf (balf S CE 25 AR SRk Sf B hH Tal
bui | d shevst Tumter i Veokrfigure nS ¢ heTke ockopat stgmalob§i ngad back

procesgy ande 54 Uesadi RS WS dildin tHe St OSks DSk LRI derdSs . Whhikem1 b8kt he
successi ve tracks across the disk all maintain the_correct, phase

al i gnnent iPAWHRTH thef T ddack N+l s ISR 1RIPERYIYL aR i BRRY i n phase
or are alioghetected Witdipatiesin et of rémoti-a€d Hhol es@nsleSwn in step 9

of Figure 5. The phase locked loop clock pattern 20
derived from the peak detected bits pattern 19 is shown in

15 step 10 of Figure 5. As can readily be seen from the
drawings in Figure 5, the phase advance error T...(n+l) in
the phase locked loop clock pattern 20 derived from track
n+l is very much smaller than the error T,.,..(n) for the
previous track n shown in step 6 of Figure 5. The use of

20 the external timing reference index, which is preferably
used to determine the phase error each time a clock pattern
is written to a successive track, thus prevents the build
up of cumulative errors in the clock pattern copying
process and serves to ensure that the clock patterns

25 written to the successive tracks across the disk all
maintain the correct phase alignment in which the clock
patterns are perfectly aligned in phase or are aligned
within desired or required tolerances.

30 Preferably, as mentioned, the phase advance

calculation and suitable adjustment based on the external
timing reference ingsg is carried ouF for the clock pattern
‘dhta for each™track. Howeve¥, in spmewcircumstances, it +n
may not be strictly necessary to carry out this calculation
35 and adjustment for every track and it may be sufficient to

i -

“- - »



30 Preferably, as nentioned, the phase advance cal cul ati on and
sui t abl e2A3F¢¥ent based on the external timng ref BEEARBISMNOARX i S
carried out for the clock pattern data for each track. Howeves, in
sonme circunstances, it may not be strictly necessary to carry out this
cal cul ation 35 and adjustnent for everd3track and it may be sufficient to
WD 98/ 31015 PCT/ GB98/ 00012
-13- atfjust the giwse adianee (O every Giher ¢Fa6K, @V@f%‘ th f&b

it w e

track, or ev ess f ntly..Precis how frequent|

necessary ?_ore%d%'us t%‘gquﬁlaessegafcﬁ/%%‘t%nﬁ% Frec %)e’ﬁd‘%‘ﬁ FReIvarbL ¥l

vari abi | i t yiti witHe Yrhaseceshamceo sadjusducke plyasdeadeattagwabl Witing

system and ddyediirsh the r@éﬁﬂp%f{éﬁiifé‘glin the phase adyindePractical
a 7% RPPe 9

application of the system nent]one above, 22t fe external
ref eremte iRRRALGRELhdhareadige Fpdseritingrsysmemsandythepbardl |y be
the case ifdidle apparsud£rivvdeyef erence index is derived fromsuch signals
as the disk drive notor back enf. An indication of phase jitter
is shown in (a) of Figure 6. In this exanple, the occurrence of index
pul ses 10" has dnlistpraatical iapplieadfonwt htite sépaeken dmeeyighibgn of

[err]. In g drefery %ﬁ’af@é@rﬁf‘t%he exOl AP P%%%Q%ﬁ%?%ﬁ@é{;ﬁlgéggrpgg nty

statistical measurenent’ chni QUEs™ are use
and hetfte some agadieier he Triermay especballyibelexhdOcasgs if khewn

from convenditnmla Btod fSitdrcd ANBAY SIS, AL PEvEE CEESRYsGaR %?3915 Lgproved

to a/[err] N\where N is, the nunber of averages used. | s 1s 1 ndicated
further i n’\éﬁ?egtélés%.élfhve( ks it éﬁ?@%ﬁfe%?- An ipdigatiorhehnPRaseni ng

wi ndow 21 vjittier win cshdvwre xt panabf Figureference tndeXeAfmplaY EEEUr With
a probabili cdistribution of the indices,10' ,in tine.is

i ndi cat ed iérélci‘%r%gge % %%% %J% c 8i P38 1 ST B PR hbA ngPt hime
probabiditywirh a stAndawd cdeeratalon edfrenceln naeprefenredngmabdament

particul ar of thd igEeddd nedngdasd ?ﬁé&‘%{%‘# ”%%Qﬁfe'érﬂgngomi n of a.

The inproved distribution méllrre of e arriva _ reference
i ndi ces 10' "YHFHAAYER WRIFPES cHERECY R nERe neerBaintyhand hensmown in (d)

of Figure Gaccuracy of thdtexteP0shi bbLer@hde SORNBEL NS, degkr abl Rnolvd USe

from conventional statistical analysis, the accuracy can be

20 improved to o/¥N where N is the number of averages used.
This is indicated further in Figure 6. 1In (b) of Figure 6,
there is shown a timing window 21 within which the external
reference index 10’ may occur with a probability p. The
distribution of the indices 10’ in time is indicated in (c)

25 of Figure 6 which is a histogram showing the probability p
of the external reference index occurring at a particular
time with a standard deviation in the time domain of o.
The improved distribution in time of the arrival of the
reference indices 10’ using the averaging ‘scheme mentioned

30 above is shown in (d) of Figure 6.

It is possible, and sometimes desirable, to use
several indices per disk revolution to produce a time
averaged reference index. For example, this can be

35- achieved where-the disk drive mgtpf back emf is ‘used since,
in typical hard disk drives, 24 or 36 transitions per -
revolution can be obtained. Thus, there are immediately



several indices per disk revolution to produce a tine aver aged
ref erenowoiogdeigs For exanple, this can be 35 achi eved %,Engﬁ&og sk
I's rrves, 24 or

drive notor back enf is used since, in typical hard

36 transitions per revol ution can be obtained. Thus, there are

i medi ately WO 98/ 31015 -14-

PCT/ GB98/ 00012 -14 - avai |l abl e
24 or 36 tr b ich can_be averaged in the tinme domain to

achi eve a o%géggég?geéglé igg 558P§é§d°gs WEéE%eFHQIbPePEPéﬁgédiﬁ@e%hfo.

5 Fi gime d@omhdnstat athjemephuvaketpeat reisladebnexieraged
reference tpapskhh?NseetHhELN e.,per revolution. Each transition
can jitter as indicatgg at %E)?n§§% ég'indicated at (c) each has a
nomnal time of arrival of T[err], T[err], T[err], T[err], T[err] and

T[err] sespectiveliygutel at sMBwb0z80MR)aRbLLLREY 182 i.n ' may
be a referencg tragsi ion onvthg sgﬁao- b E&%?%eékp%g§eSﬁgékégtggége

cl ock. Each®&tSTPBFF] CEBPREAPRScRRCHETING OopRet PEFi SeWCARtAea:. agEaght o t he
required deteanBmadpni cahhgitter hisméndomaikaduatngby hepphage koegkedtlaop
cl ock. 15t (e) [ [

! h .1h 1 nal . t s T[err] to T[err
and measuri n egﬁgngﬁgﬁén §%&%&§ ggg%ch ?%%é§g4[8%?%(n) Poq%ﬁeFrﬂgn) ]
as i nd?ea&’é&lg&t regpectiyedvemeja tijver o (somec awrbie reatyc Wratrad on

- ti i - 2 L = 1/6
e et gt e g el ) e

+ (TLerr] - TFEFFRENPPAES(FPERPE- ¥PoPr PARFK -+ EFhr PE- Ti ¥ Tn)cAn be
More gener alihytibdd sadpbyr abvietrugehg tsueheexegiizbd deterh¥hae$ i25the
Tlerr](n) =tig8rﬁh&lkﬁth1EBeE5L(g%ase locked loop clock.

15 Using each of the nominal arrival times T, to T, and
measuring the instantaneous arrival times T,{n) to T,(n) as
indicated at (d), the average T..,. (n) can be calculated on
a once-per-revolution basis as follows:

20 Terror (B} = 1/6 {(T,-T,(n)) + (T,-T,(n)) + (T,-T,(n))
+ (T,-T,(n)) + (T-Ts(n)) + (T¢-Te(n))}

More generally, for a plurality of i such external
indices:
25

i
Terror (0) = ‘]:'E (T-T (D))
Ll

The accuracy of the external reference index can be
yet further improved by statistical averaging over several
clock track copying cycles. This averaging process can be

incorporated into the correction algorithm in equation 4
30 above.

w <. * . o ‘
In Figure 8, there is shown-‘ad schematic representation
of apparatus according to and for carrying out the present

invention. A hard disk assembly 30 includes a rotatable

o

- . i . ) . [



The accuracy of the external reference index can be et further

i nprovedvV@P8/8103% i sti cal averagi ng over several cl ockKPEFEBRE/WBI | ng
cycles. This averagi ng process can be i ncorporated into the correction
algorithmin equation 4 30 above. In Figure 8, there is
shown a schematic representation oTl%pparatus according to and for
carrying out the present I nvention. A hard disk assenbly 30 includes a

rotatabl e magnaMdi@®8484015%51 which is mounted on a spindle 32 of a disk

PCT/ GB98/ 00912, 3 n issk 31
Which is nﬁ%%té% %%t%; p3 dIe gaad4wrlae Eead (8r ﬁéads 34”3% i%h%gg rite
head (or he%sansa;rms3ﬁnwmfé@ can b @ﬂvaﬁinbsskmnéhféahhbécmédtb@ck and
forth acrosgotéeing digkasingydiskedd B¥maabBeadtatrmactuator 36. 5

A conpu%er 40 controls operation of the hard disk assenbly 30. In
particurar, the conputer 40 controls rotation of the disk 31 and
movenent of the Aeadmputée 40 cbreddéiy 3eracdasa bfiethur haed dfisikhe di sk 31
and al so ha ngpal n . oc r [ ting.

An externalgs;gere C26|nd£§ %5?% ﬁ%%kélggg ggﬁgﬁﬁgg 49 gggﬁw%gsobtaln t he
external referenteni afekherdiakndionnd movemsoiecft hbeexeaddair itef er ence

| ndex mmy beeohtaj nsd hEeBL4SLnLhEubAskeent g8RCHILRA30Y athe Mistk i ve

nmotor 33; in that case, the external reference |ndex detection circuit
41 loneagﬁFEEa%hgoﬁﬁﬁRleﬁf £LeRkt REaGKsKeading apcdorifing.
Alternatively or additionally, the external reference index can be

obtai ned froma sgnsor such 23:a0.RRLI Gl SCR0L 20 oanhlieh, dat agt § grovenent

t her epast of a nark suc Che 8urtace e disk 31
or sone ot heged to obnedn sbenentesned a‘bcﬁﬁerence index. Ag meddnasked

| oop 42 ge”‘ébébés EthéiﬁeE%KeQekQ%n%@ 191'd%9!<n{§5(9'9>%| PR diffedacn of a

signal froma c|ock track read circuit whi'ch reads the clock track

fromt A8 di §ke backzemitgengrased) ykéde é&&’%.dgﬁale MOLers SF i Fitase
measur enent cgkkGuUthed4extiaenali e fphaned IndeRdeteddrddrheircuit 41

measures the back emf from the disk drive motor 33.
Alternatively or additionally, the external reference index
can be obtained from a sensor such as an optical sensor

20 which detects movement therepast of a mark such as a
reflector on the surface of the disk 31 or some other

sensor as mentioned above.

A phase locked loop 42 generates a phase locked loop
25 clock signal on the basis of a signal from a clock track
read circuit 43 which reads the clock track from the disk
31. The phase locked loop signal is passed to a phase
measurement circuit 44 where its phase is compared to the
external reference index or a number representing a delay
30 passed to the phase measurement circuit 44 by the external
iﬁdex detection circuit 41.

The result of the comparison in the phase measurement
circuit 44 is passed to the computer 40 which uses the
35, result to calcufate the phase advance T required for the »-
clock patte}n for each track on the diék 31 as described in
detail above. The result of the calculation is passed by



external reference index or a nunber representing a delay 30 passed to the

phase mMpasogAgEt circuit 44 by the external i ndex 5o Ircuit
41. The result of the conparison in the phasg%#easgﬁgﬁgnt

circuit 44 is passed to the conputer 40 which uses the 35 result to

cal cul ate the phase advance T required_{gr the clock pattern for each
track on the disk 31 as descri bed in detail above. The result of the
calculatiop_is gassed X 98/3%9

PCT/G898/086 mputer 40 to a programmable phase a@@ustmenttﬁérggﬁﬁuter 40

tg a Erograﬁngbéwipbhsesadlsetnnputctheuphase 146kéa M?bpﬂcgéfﬁ|5045np$h

t he phase e phase_l ocke e
program‘nab%‘g§ o ﬁggeEhg éh? g??éuﬁégggagd ugﬁg Pﬁ%gﬁﬁﬁgéggg the cl ock
5 S|gnalPbésﬁeaﬁﬂPﬁF@ﬁnFoC%ﬁéuh§x$5tﬂdansbﬁ the phake36f theeclockphase

adj usted ckeogkasi aab i S t C t Lac i Ci it 46
adj ustsd teﬁitﬁe g8abe ﬁr‘iégtégpéé eﬁe fedt EQSEF bR tsﬂe gi 5% ThE

An enbodi nB 98f35H855F sEﬁPan§éﬁPP$n1ﬁa§hBEeHassed H@sérF%QQkWFFﬁCk
particul arweeter eheeuto nbewhxahpheltes thel gahEeat gdjubklsaverockt Wl be

appreci ate a s and nodifications may be nade to the
exanpl e QI&Q%ECFPbggg ﬁk% ?he scope of the present invention.

17 CLAI M5 1. A method of witing clock data to
a stogjgge nedi URh embodiment of the present invention has been
described with particular reference to the example
illustrated. However, it will be appreciated that
variations and modifications may be made to the example
described within the scope of the present invention.

*



havi ng tracks on which data are stored, the nethod 5 conprising the steps

of : woss@Miswriting clock data to a present track on P¥/GBISSMLage
medi um (B) reading said witten clock data from said present
track; C) generating clock data for a subsequent track on t he
storagehﬂﬂ"jﬂ’ﬂ Mg" cl ock data read-firem sai d present track;

(D) conmpar | lof the generated clock data for the subsequent
track wth a referefice*tim ng signal apgdatfmsadj usting the phase of the
generated clock data for the subseqUént track in accordance with said
conpari son; and, (E) witing said phase adjusted clock data for the

subsequent trackat eethod PELSRGHERY (dlaBk dat?0 t2a hdRigWhatiaaiding to
claim1l, mhgreLn t he sapsegye t, track is the%a%u: inng%#&%ely fol |l owi ng
the present PRVAPR. tracksgo Kgﬁé‘f“h&?te?c&ﬁedi%rt oc|SZE™E laim 2,
wher ei n5 stapsicBhgt aheEptepas odpeat ed across the tracks on the 25
storage nedi um whth .CJ r.0 ' In a step
(B) bei ng the cl ol daisine Figth Rl P Bbaiie Bohok g Fle " 2 <
A net hod ac&6Pgra§ MeddUdiim 3, wherein steps (B) to 30 (E) are repeated

for every track qm)tRe iR iPUMBten clork datEEIfRMh afed dhPdsdir any
of clainms 1 to 4, wherein, I n the conparison step (D), the phase of the

generated CX@FEck data to be witten to the subsequent track is 35
adj ust ad by an an@)nigadsreitimkes ddk e ofs 4 heuhdwpent tachelstaent used

for Shock, dRtR Widd G LG Wi Une c1d@Ffuad feralpdh gl gnce

bet ween t he T1'ef é&renc
present track;

(D) comparing the phase of the generated clock data
for the subsequent track with a reference timing signal and
15 adjusting the phase of the generated clock data for the
subsequent track in accordance with said comparison; and,
(E) writing said phase adjusted clock data for the
subsequent track to said subsequent track.

20 2. A method according to claim 1, wherein the subsequent
track is the track immediately following the present track.

3. A method according to claim 1 or claim 2, wherein
steps (B) to (E) are repeated across the tracks on the

25 storage medium, with the clock data read from a certain
track in a step (B) being the clock data written in a step
(E} for that track.

4. A method according to claim 3, wherein steps (B) to
30 -{(E) are repeated for every track on the storage medium.
S. A method according to any of claims 1 to 4, wherein,

in the comparison step (D), the phase of the generated
clock data to be written to a present track is adjusted by
"35  an aﬁount which takes int&zéécounﬂffhe phase adjustment
used for clock data written to a previous track, the phase
difference between the reference timing signal and the
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timng signal "and the gener at nerated from ock data
read 5 froma previous track. thod according to claimb5,

wherein, in the conpari son step (D),_ 8h_e phase of the generated cl ock
dat a to be witten to the subsequent ]track n+l is adjusted by an 10

anount T(n) substan 1y equal to (T(n- 1) 2T[err](n) + Tlerr](n -

1)), where 91?‘??”5“?% ‘ialr&a/lbﬁ%s:éa (RS ekt R G gih hd PXGTRKE de¥aChwitten to
t he presentard atie rpnail's{aard:]ff(éﬁerlée therweephtise »b fdeimnce: hriMgen the
reference timn éﬂhe L t.he.g gferat cloc data, generated fromthe
cl ock data ?Je%agllélgcpr Ot (SRR 1T & Y 9% FFIERER) CP SRR phase

M

signal and the generated cl ock ted fromthe clock data read
from thegny bis track, and th mﬁm] ” y nce bet weghy 815&P§rence

di f f er ence pretwewss ttweaglef erence tining si gnal and the generated cl ock
data geperated fromthe clock data read fromthe previous track n-1.

20 7. A nethod according to claim5 or claim®6, wherein said previ ous
track is the-trdtknerhed FTRR%H MRS 5o prhabaes, vﬂ@ere:.zpr ebentherack. 8.
A net hod aC@&ﬁ;ﬁhf\ﬂséx@ ﬁWpOfD)CJ alE ghide lof WIS BhénPatd® §10ERIGaFRI UM
Is a disk. b rreéhod accor g}r_to clajm V\/nerg n the disk ijs a
magnet i ¢ di S®.Pe "’S”E)ltltben et I‘R)’E}e%%ré%r D tF A9 B 07 PRi AT 92MAKBF i n

t he di skTis) cauipéeant bablyoequal otor()‘ram+n);1 t heTdiskn) + 11. A nethod
scoor g, 18 SLAMLLS, WEHETRADE) L1 0 pl BLELSRGEERbALeleba oLl ned
19 clock data wrltten to the prevxous track n-1, Tun“(n) is

the phase difference between the reference timing signal

and the generated clock data to be written to the present

track n, and T,.,.(n-1) is the phase difference between the

15 reference timing signal and the generated clock data to be
written to the previous track n-1.

7. A method according to claim 5 or claim 6, wherein said
previous track is the track which immediately precedes the
20 present track.

8. A method according to any of claims 1 to 7, wherein
the storage medium is a disk.

25 9. A method according to claim 8, wherein the_disk is a
magnetic disk.

10. A method according to claim 8 or claim 9, wherein the
disk includes a motor for rotating the disk.

30 '
11. A method according to claim 10, wherein the timing
reference signal is obtained from the back emf
(electromotive force) of said rotating motor.

' - co- -~
35 12. A method according to any of claims 1 to 11, wherein
the timing reference signal is obtained from a probe which
detects movement past the probe of an index or indices on a
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12. A nmethod according to any 1| A 1, wherein the timng
r ef er enc¥O9BZHMPF i s obt ai ned flmuﬂﬂﬂulmmlmm,h det ect SCHGPHINL2 past
the probe of an index or indicéds 6n & " rotating part of a disk drive
whi ch includes a disk as a 5 storage nediumduring rotation of the disk.
13. A nethod according to claim 12, wherdi9r the index is an optically
detectable mark on the disk and the probe is an optical sensor. 10

14. A net hogeeand R0 o & Milsk drd@ivhileh Weredds a digkpiohe is a

non-cont act inductive probe which detects venent, t herepast of features
on a rotati fyPEAE 6‘?8‘{:1“3’? QUring 7QiAtyen of T‘g}.‘e rT&l%t hod according to any

of clainms 1 to 14, wherein the timng reference signal used is a

statistical Javer ' ' | I | S I pg n
reference 183s'i g%glqnse.tr%cp éé@a%d{% (rjrgét;ﬁ%%%ﬁcgzr gi %g%%i%l tgllrlem %&e)\&/\hg% eign
t he averfage ams optiqalden drtectalvke anaEk ook Ehaciishpyndtycprabe is 17

Appar at us f Qi Wi dl Cdddoslata to a storage nmedi um 25 having tracks on
whi ch data are stored, the apparatus conpri si ng: writing nmeans

for witing clock data to a present track on a storage nedi um
readi ng meanss f ora resghe secor@hdt eo clatk gatexrfedai@Olsai vhpresent
track; enerating ans fo n | I f.Qr
subsequent t?@ﬁ: Eﬁl?h%ss?or%%éc%%é?%§1?égﬁ#ggggcggéﬁgggﬁééﬂ dgFgggstrom
sai d pre®entmovemsnt therepastonfafenguand adj asrphgtipanparsr ofofpdirig
the phase 35;0fd he generated clock data for the subsequent track with a
reference timng signal and adjusting the phase of the 20

15. A method according to any of claims 1 to 14, wherein
the timing reference signal used is a statistical average

15 in the time domain of a plurality of such timing reference
signals.

16. A method according to claim 15, wherein the average is
taken over several clock track copying cycles.
20
17. Apparatus for writing clock data to a storage medium
having tracks on which data are stored, the apparatus
comprising:
writing means for writing clock data to a present
25 track on a storage medium;
reading means for reading said written clock data from
said present track;
generating means for generating clock data for a
subsequent track on the storage medium from the clock data
30 read from said present track;
comparing and adjusting medns for comparing the phase
of the generated clock data for the subsequent track with a
reference timing signal and adjusting the phase of the
generated clock data for the subsequent track in accordance
35 with said coﬂ%arisonp and, - .
means for writing said phase adjusted clock data for
the subsequent track to said subsequent track.
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generated clock data for the subsequent track in accordance wi th.said.

conpar i SEgy osARELS L‘"lm ”mm[rmlﬂgmwrl ting said phase adjpeteBosibReX data

for t he subsequ subsequent track. 5 18. Appar at us
according to claim 17, “wheréinsthe conpari son and adj usti ng neans

I ncl udes neans for adjusting t he phasg,of the generated clock data to be
witten to the subsequent track by an anount which takes into account

the 10 phage adLustnent used for clock data witten to the present
track, the pRase®BPPFRFBACRCPRIFEBH FReCratBr dhceWhRKRAR thesignal and the
generated ctoepadatangandratig¢dsting mbens iatdoKedamaahsadchk amyuike ipgesent
track, and | f{ference, het n.the_reference timng signal and
the 15 genéggtgggggogﬁ gg%agﬁgﬁg?g §d%§§8ﬁ, Re4c SCEedgFéthgdto rom a
previ ous trReRsent tragk pppanasweuatcwhdchgtakesl antol8cconhiateithet he
conpari gon dh 48t afjselnekyd a 0 RUSt kRO 2 hase
of the gene?gggg cﬁggﬁegggg ?geEeE&Fi??8gﬁtgﬁfhe&rEthébggqSé%febpggﬁ n+1
by an anountr*Ck) shBsPhABrafiffeyerce betwgepTthelyefereneer Fiming
[ _e{ {] (nE 1) %s%gwa@r ana§ Bhé) g%ﬁeﬁ:&&ed $1@a&saajeej u&t ﬁi@nhﬁu%%@gf ]gz][o ¢reck data
witten to the presen rrack n err,], i S ase difference
bet ween thepfgsgpgfgfgﬁée FpﬁiﬁgesPGﬁ%F g%%gﬁﬁénﬁéngﬁ & ct8& dat a
generated frefietrkecel oéhidgt saigead Bndmthleegenesanied rdokk datm tanbde
T[err]ﬁﬁ'l)wkitEgﬁ Egaégég{gggggggg hetween the reference timng signa
a

and the generated cloc génerated fromthe clock data read from
the previous track 30 n-1. 20. Apparatus according to any of clains

17 to 19, 19.compbayaftismBarsriehgdereicakiing 13, fhRY@1GE tdr ng si gnal .

35 21 Apnaiatus sceordino to.am: Of glalm 1 0 2Quans 200\ M0N0 AN oK

storage nedi

the phase of the generated clock data to be written to a

15 present track n by an amount T(n) substantially equal to
(T(n-1) - 2Terror(N) + Terror(n-1)), where T(n-1) is the phase
adjustment used for clock data written to the previous
track n-1, T..(n) is the phase difference between the
reference timing signal and the generated clock data to be

20 written to the present track n, and T.,.(n-1) is the phase
difference between the reference timing signal and the
generated clock data to be written to the previous track
n-1.

25 20. Apparatus according to any of claims 17 to 19,
comprising means for generating a reference timing signal.

21. Apparatus according to any of claims 17 to 20,
including a disk storage medium.

30
22. Apparatus according to claim 21, wherein the disk is a
magnetic disk. '

23. - Apparatus acgarding to claim 21 or claim 22, wherein
35 the disk has a motor for rotating the disk.
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22. Appar atus accoy,gh Im 21, wherein the disk is a magneti c
di sk. wogﬁ@?“ﬂppHME‘#uambmm to claim21 or clai m2BCT/GRE$MORZ 5 ¢t he
disk is coupled to a wor gt ting the disk. 24. Apparat us
according to claim 23, conprising neans for providing the timng

ref erence signal obtained fromthe barck™ enf (el ectronotive force) of
said rotating notor. 10 25. Apparatus according to any of clains 17 to

24, con®4 si ipmayEnlhe addald el ecd schavenedf pospridengrabansf for an
i ndex or i ngj t.at p dj i : igh In des a
di sk as a é%?%?‘ i%%ﬁ%%hﬁl _ﬁ% %f%%%eléfg?g%h%g ?§ﬁ¥$o?r%Wo§# ing the
timng ref @aHecewi giedectromoive Abpaeal uef agabd dragatbngl @Phe25, wherein

the index is an optically detectable mark on the disk and the probe is
an optical sensor. 20 arat us accor ing%to claim 25 or claim 26,

27, :
wherei P 4he FIRRRFINS 3R Ackoi AAVicP velptBBelf oFOdétecting
novenent thssmpasding 4 eptobbeswioich detéttsompaehment padtSkhe pdbbe¥eof25

orovi d ng. < e it rtd S S0 8PP Re ' Bel Lof o P REPR LS e 1 n the.
ti me domai rwhicha pholedesya digit sach storagermédiemcéusiggakstation
of the disk for providing the timing reference signal.
10
26. Apparatus according to claim 25, wherein the index is

an optically detectable mark on the disk and the probe is
an optical sensor.

15 27. Apparatus according to claim 25 or claim 26, wherein
the probe is a non-contact inductive probe for detecting
movement therepast of features on a rotating part of a disk
drive.

20 28. Apparatus according to any of claims 17 to 27,
comprising means for providing said timing reference signal
as a statistical average in the time domain of a plurality
of such timing reference signals.
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