WO 01/ 67452 PCT/ GB01/ 00785 -1- METHOD AND APPARATUS FOR WRI TI NG CLOCK DATA
TO A STORAGE MEDI UM The present invention relates to a nethod and an 5
apparatuwédoriemsiti ng cl ock data to a storage nmedi um | nPOT/GBOi1/a07183 Or
systens such as data processing systens is typically stored on storage
medi a. Particular use is made of storage di sks such as magnetic disks,

opto- 10 magnetic disks, and the like. One type of magnetic disk
arrangenent is a so-called "head di sk assenbly" which is intended normally
to be permanently fixed in NEFJHOR ANPOoBRBBARAGUSyEORmM the head disk

assenbly includes thgpriRgaethbcfi BKTAEHHUN E468AER afipthe associ ated read
and 15 wite head or_ﬁ556§_(Fﬁég”5FBHUETQ_ﬁéaa——_‘ﬁ§§H§%“ﬁh|ch wite data
to the disk and read data fromthe disk. Another type of magnetic disk is
of a type knowrhasprekef®yabventednareniiel 8er aa!néyh@enéhat gnof a magnetic

di sk medi um.i.n tective .plastic e which can be us 20 to transfer
data bet wEER3% 3?&% %86é¥§%ﬁd%§y§§8ﬁ§ §9% pﬁ?s?cﬁFoFﬁﬁﬁs?@Slﬂw the di sk
itself fromone nmachine to another In a known net hod of nmanufacturing
storage nedi a roves, ead di sk assenbly consisting
of the produc?ﬂg E%§f%%the [ fﬁgpgdﬁggg,a?hgaﬁﬁtBFogﬁﬁséFﬁ1eIectronlcs
is nnunte@themSna§téypngadﬂytﬁcnrhdown atozmagsemediari t Partibelar

Servo-wri {2k Wl heded oRakle) fdigﬁgnghbﬁ b8! ALARLEOD E0gs SEpYg. [T ack

pattern") onto servo track ones” f he  nast er
referéHbemaﬂﬁﬁ§HC|§1§§§d detﬁ@edﬂékedrlQéedﬁypﬁgoﬁomﬁﬁnebperdusbn in

order to hQ@%h%eh@ﬁtt&%Cﬁss%n@a§§%ﬁonﬁega Hﬁgkdhége&ﬁiydaﬁﬂlcﬁt gage and
retrieval. Clearly, the _servo track pattern has be"accurately witten.

to the dng §Fdﬁér?°ﬁ@9ﬂly to be permanently flxed in a data
processing system; the head disk assembly includes the

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

25 as hard disk drives, a head disk assembly consisting of the
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

30 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 and sectors on the disk for data
storage and retrieval. Clearly, the servo track pattern
has to be accurately written to the disk at wvery well

35 defined positions.



35 defined positions. WO 01/ 67452 PCT/ GB01/00785 -2 In order to be able to
wite the servo pattern onto the correct positions on the disk during
manuf act weooé74she di sk, in one comonly used process, arPCDs&Bal/HOTSs
tenporary) "clock” track is witten onto the disk to serve as a tinmng 5
reference during witing of the servo-pattern. Conventionally, a separate
clock head is used to wite the clock track onto the disk and to read the
clock track from the disk so that the servo tracks, which are witten with
t he disk driveIB préaﬁctohbadabéantﬁewﬁhﬁgetbﬁ|gﬂéﬁompﬁﬁtﬁﬁnrééb@ct to the

clock tragkeapdreaeh gbheLionkOWRVEhe BBk H8PiRE RaHREhe8LPd SEOEKet rack
writing head is,an expensive_ addition to the nufacturlngaarocess and

further reskredn PﬁétCPW@°§%YVBSFQaEE§CB§Smw?t AuaLl¥ EPEBATREYM because

the cl _Ock"t:na@k"v\trhbnglbea@llbaént enbe theedied totsethe ab apeimingseal ed)
head di sk ass Mbr, eover rgc%b t he clﬁgk heads have to be
o5f “8&n8§

enbl
repl acéd Bﬁiﬁrﬁﬁngdﬁﬁépg WE&Eéﬂge EV@hP2h 6tBurs during use. There
have beencsavenaﬁonammysabsséparaeehomscknﬁeaaolappaedtbs woiter theng t he

k
iigygaf[3?58%%055?Ck89n§?fg?ggﬁlg%féﬁﬁgg ?8 gﬁg'g?é@ﬂ Ekggﬁdls assenbly
is used tbewdlitk ap thatlahecsecMOttaakkauowthhherdlwkltthatw1thlt|aI
cl ock traﬁhg ﬁgﬂear&%ed bér@ﬁubetﬁéaal esadbae ﬂa%é ailgh@dhﬁﬁehdlsk

assenbly a e next cloc K Is e Intérnal wite head,
with ﬂéadrﬁgpéﬁtth@ theevilock Erack ﬁﬁécﬁaﬁélﬁﬁ ?ﬁterﬁ@ﬂ@@&rmnFHeMW|t|ng of

the presgag ekoskdtea%&teah%l%%kwra@kt QLAei8f heaskssaha ewpbhbedeat
appropriate | ocations on the disk, interleaved 30 wi_ith the clock tracks,

the positPEAdLAPTE fE §8ﬁv83E&#9€FH§1n6rPFP58§§ BBANSUIEREF nEREHIFRS

accordancenwtt Bhel BeR§o tracks be written in a clean room because
the clock track writing head has to be inserted into the
15 open (unsealed) head disk assembly. Moreover, in practice
the clock heads have to be replaced on a daily basis
because of damage which occurs during use.

There have been several proposals for methods and
20 apparatus for writing the servo tracks to a disk without
the need for a dedicated clock head. Typically, and put
briefly, an internal write head of a head disk assembly is
used to write an initial clock track around the disk. That
initial clock track is then read by an intermal read head
25 of the head disk assembly and the next clock track is
written by the internal write head, with reading of the
previous clock track being interleaved with writing of the
present clock track. The servo patterms or tracks are
written at appropriate locations on the disk, interleaved
30 with the clock tracks, the positions of the servo patterns
or tracks being determined in accordance with timing
information obtained from the clock tracks. Such methods,
or similar methods, are disclosed in for example
US-A-5485322, US-A-5448429, and US-A-5668679.
35 .
In our WO-A-98/31015, the entire disclosure of which
is incorporated herein by reference, there is disclosed



I nformati on obtained fromthe clock tracks. Such nethods, or simlar

nmet hods, are disclosed in for exanple US-A-5485322, US-A-5448429, and

US- A-56636G91/61352 | n our WO A-98/ 31015, the entire discl osREEGBII/MBEN 1S

i ncorporated herein by reference, there is disclosed WO 01/ 67452

PCT/ GB01/ 00785 -3 another method and gpparatus for witing clock data to a
storage nedium such as a disk. The storage nedium has tracks on which
data can be stored. Clock data is witten to a present track on the

st or age nedotherThethwidt bed Spphoekudafari writadgf cborkhdatartoka C ock

data Tor Sroubischuanlyt " a5k, 00t heastir adhnuedi ymibe depergtedstrom the

cl ock data présent ‘trac enerated cl ock
data for theckabgeqwénphtdata cen b@nﬁﬁpﬁﬁdmntﬁlackeﬂéténéé Wrwthgn5|gnal

and the phgsg 9§ebenth%r%ﬁ&eeat eﬂecgeelfagat aea@ﬁmt heTﬁHb§§9l=_'€8£ track is
adjusted in accordance with said RgEarlson adj usted cl ock data

for thé sGbeekudatar igckepsd £hem thatt t&acko sgiﬁcguﬂééauéﬁf frack. In this
met hod angubééaaéﬁtuﬁra'ck on aaal @tBng@efﬁé&iaﬁlYJ.EOgéﬁé!‘aﬂédafdéﬁl cated 15

clock read/wri e he t her osals of thi h
|nfornat|5he|§ a@ﬁatEeﬁﬁe%ﬁp?ksgéapﬁiﬁﬁgn cFBékﬁtragﬁedB ﬁgFge%ggltion
me ser vothef ?éﬁ&ﬁraﬂédveﬁ)bck?dausagelrythEOs&B‘séqtléﬂE tfhckslﬁl’el;] err2 gd Itha}<

e servo_info n_a.trac wiitten alternat th t cl oc
bata i o farberal, vi2B, "B aE PR by Shofn 1 oLRR" Ehy Hhhle! OF, 2
writt e, thatgehewhtédta1bekngaphaﬁerathgnedbsmqubnthErabhcksdata in the
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appropri ate ase a previou rac
portion oadjgs@pdcpl@g$ada§@df§g @he subsequent track is then

written to said subsequent track. In this method and
apparatus, it is again not necessary to provide a dedicated

15 clock read/write head. 2As in other proposals of this type,
the servo information is written to the disk using the
clock track data to position the servo information very
accurately. To save time, it is preferred that the servo
information in a track be written alternately with the

20 clock data in that track, i.e. for any track, a portion of
clock data is written, that clock data being phase aligned
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

25 c¢lock data, and so omn.

In such self-clocking methods, as mentioned above, it
is necessary to read clock data from a previously written
track whilst writing, in an interleaved manner, clock data

30 to the next (present) track. Modern disk drives currently
use a magnetoresistive read element in tandem with a
conventional thin film write element in which the read and
write elements are offset by a fixed distance from each
other. An example of such an arrangement is shown in

35 Figure 1 which shows schematically a magnetoresistive read

element 1 and an associated write element 2. The centres



in such self-clocking nethods, as nentioned above, it 1is necessary to read
clock data froma previously witten track whilst witing, in an

i nterl eawedomsmner, clock data 30 to the next (present) trarkBoMudes n di sk
drives currently wuse a nmagnetoresistive read elenent in tandemwth a
conventional thin filmwite el ement inywhich the read and wite elenents
are offset by a fixed distance fromeach other. An exanple of such an

arrangene i i i.qur i.C h ically _a

nagnetoreg#%gﬁﬁiqgﬁghEﬁgfgﬁgﬁgyfﬁﬁﬁﬁﬂgﬁ 2§20%&%t§%eﬁg?%§%ekgﬁgﬁt 2. The

centres WOIEWeA7452nCHHEBA D 20 wrd tef elllktenead 1912d awel ishogimenents 1, 2

are separaéﬁg g%¥an offset x and the read and wite elenments_ 1,2 are shown
&I

| ocat ed ovélCat 3 BorF TR sk OPTWpidd&t -y, TYPAER 1By /i ¥ Maebeadde 1 to 3m
and the width of th ite el nt 2 j. 1..8m_ Were the read and wite

el ement s t ar%élgtfl ﬁg\r%)d_?’ W ta}%r&nﬁtélediwrlég?ﬁ 6’rﬂc'_ g}‘et ngt%leagﬁeglegg gh&\ﬁn in
Figure d. 1 (06 Wmek el @ Ry W1kalnd@Pands 00 biggrialati onal
speed v and al so on the distance of the track 3 romthe cent?é of the

di sk. For wixtdmihe, difrediecip afottdtel dralckspeed whofvnt He @igkiries 15400 rpm and

t he of fset bet t, d it l, ts 1,2 is 1m then f a
track at &SGEad 0L e GiEE 05 A¥al dera s PEHaSbRoEat el y 90nS, and

for atra a . r-adi 4 e Lt e-1:0- del.ay..L.s oxi mately
sons. Thi LoSarApTas dfd, v 3R a1kBl ol Lhe He s eRLe B n kBB R Ton
across tHeo the emtre e cmperisat.ed Foer etiatmpne ,t HE eheck track copying

process. Referring to Figure 2, there is shown a disk 4 20 rotating about a
centrel®. rfatgionssd wiess oaof &éhet Héskr 48d54AE wpmt endl henpffsel ks
nount ed for pivotal novenent _abqut a_pivot point P which is displaced from
t he centr @&ffveen the read and write elements 1,2 is 1lum, then for a

track at a 20mm radius, the write-to-read delay is

approximately 90ns, and for a track at a radius of 46mm,

the write-to-read delay is approximately 40ns. This delay,

15 which as shown varies according to radial position across
the disk, has to be compensated for during the clock track

copying process.

Referring to Figure 2, there is shown a disk 4

20 rotating about a centre 0. The arm 5 which carries the
read and write elements 1,2 is mounted for pivotal movement
about a pivot point P which is displaced from the centre of
rotation O of the disk 4. This arrangement allows the arm
5 to be rigidly mounted and allows the disk to be rotated

25 with a constant angular velocity. As can be appreciated
from a study of Figure 2, the pivotal mounting of the arm 5
about a pivot point P which is displaced from the centre of
rotation O of the disk 4 means that the arm 5 will not be
tangential to the disk 4 for most of the pivotal travel «

30 of the arm 5. Instead, the arm 5 and therefore the head
containing the read and write elements 1,2 will be skewed

relative to the tracks on the disk 4. Skew of the head



rotation O of the disk 4. This arrangenent allows the arm 5 to be rigidly
nmounted and allows the disk to be rotated 25 with a constant angul ar

vel oci t y.w@sream be appreciated froma study of Figure 2pCT/adopborss al
nmounting of the arm5 about a pivot point P which is displaced fromthe
centre of rotation O of the disk 4 neans that the arm5 will not be
tangential to the disk 4 for nost of fﬁ%’pivotal travel a 30 of the armb5.
I nstead, the arm,5 and therefore the head containing the read and wite
el ements £OBtAAPANgGe thRewkEdd PELabiriber 6leRentFadk3 sRLARAVEI 5R BheSkew of

the head VD.0%L62452nBCHiGROY Bd08Rs 5546a0aRRIRY bBehead gnd,wite

elenments 1,2 relative to t tracks on causes gradati on of
t he S|gnareadebdchaékomrannaockotkatkaoh bhetﬁesﬁiskaﬁdandncmakaake it

ery difficult ible to re ck a r usly 5 witten track with
Yheyre;d &F%Xeﬂ?fflgﬁg Sh&h Pﬁﬁ§89538|§° RFF Fﬁ Re FeYFSEﬁiﬁdth t he

wite el eggattdn EREckt heehetheakesal H&éﬁi@n&oztahé ﬁﬁghdlﬁﬁewatgg t he
read/ wite head between successive read and wite steps but, at t%e

frequency ikl R®hechexle teoekk wiithckbeawsitei elenenh 8rdePneo to obtain
hi gh thr ouglBuk JUEhNACTRAYEACLUN LAG: EBLTa! Be. LECHRLCBLLY B0k [easibl e nor

practlcal ere ore eS|ra o mnrm

head duri hgadt betwekh- secvewsiiyengeptoatadswribeAgeepdi Bgtt 0ad thest aspect
of the pr%sent invention, there is_provided a nmethod of witing clock data
to a stofdGEURBEYUMLtEN@hICHr 558 FRArkntRavkAgaEedWrAtEeBr 4§e0TAREi on

havi ngof | 81 oBRdiaCa08M RonAGARERS. dbRenBPhOAH:aEOURLLS| Ndnlbe; gt eps of -

witing a first c storage reg bn a irst

position betheéraflhg nbitr feasittleenordpbaundaailes; Iw iti bjeaeforat set of

further | ock t her itions on_the data storage _region
urthe eggra£&a0§% %gngmgse %g amount of sﬁe o the ad d rgng

the self-servowriting process.

15 According to a first aspect of the present invention,

there is provided a method of writing clock data to a
storage medium, the storage medium having a data storage
region having first and second boundaries, the method
comprising the steps of: writing a first clock track to

20 the data storage region at a first position between the
first and second boundaries; writing a first set of further
clock tracks to other positions on the data storage region,
said other positions for the first set of further clock
tracks lying between the first position and the first

25 boundary; and, writing a second set of further clock tracks
to other positions on the data storage region, said other
positions for the second set of further clock tracks lying

between the first position and the second boundary.

30 This "dual-pass" method for writing the clock tracks
to the storage medium allows the clock tracks to be written
gquickly with the minimum of compensation being required to



said other positions for the first set of further clock tracks |ying
between the first position and the first 25 boundary; and, witing a second
set of fwohee7461 ock tracks to other positions on the daPar/sBor/eges regi on
said other positions for the second set of further clock tracks |ying
between the first position and the secgnd boundary. 30 This "dual - pass”
nmethod for witing the clock tracks to the storage nediumallows the clock
tracks to be witten quickly with the m ni nrum of conpensati on being

requi red tompEneate7462 RETEGBOL/ 0078Be whitenpikematt feiahbveneat of the
wite ele t % the storage nedium Preferably, each of the
first setgg Egk%éb @FE@% ‘5 tracks is generated from data obtai ned by
readi ng clock data froma previous clock track and wherein each of the

second set of bBéEE%&bﬁ&OcéaEhaBESth§ geperated Bfoﬂhgehér gbtakned by
readi ng cl ock_data from a previ ous clock track t hi.s enbodi nent, the

S|gnal5re&HaﬁgékIFrSﬁpﬁﬁét§§oﬁ5@@ @Btﬁeepﬁﬁﬁﬁﬁﬁapg ﬁﬁ%déngeFé?F$ely | ar ge

anpl i tudedath arameﬁepﬁ:e«)‘l@ubomaent trhBR BhackBe2eénr eadhasd tneitten
respectlve

ly wi.th g Ea el nentlang E k el enent tga% aredo fset
rel ative FS 8HEhSEENSE AN CRAECRLPE aFEaskEWET PEPSERTED: 5TPReIRERr age
nedlun1byoatakﬁmdabgleeawhmghcvabkeaaaacﬁrdmng poepdoubti ohook thackead and
wite elenents re Qr IaU ai [ Ltion being
wher e the§sk lgnS $tg§F %ﬁﬁﬁgi ggg%igéﬁg Ego%hég% ?ggfégépreferred
enbodi rmenmedtiha pimsgsthasnaemeﬂahluséy dadgel apaistudef-servowite process

starting at a position where the skew angle of the read and wite

el enents to the storage nediumis a n1n|nun1(greferabl
In a preferred embodiment, the tracks are read and

written respectively with a read element and a write
element that are offset relative to each other and which
15 are skewed relative to the storage medium by a skew angle
which varies according to position of the read and write
elements relative to the storage medium, said first
position being where the skew angle is substantially a
minimum.
20
Thus, in the preferred embodiment, the present
invention uses a dual pass self-servowrite process starting
at a position where the skew angle of the read and write
elements to the storage medium is a minimum (preferably
25 zero) and writing clock tracks first to ome boundary of the
data storage region, returning to the start position, and
then writing clock tracks to the other boundary of the data
storage region. In this way, the skew angle always aids the
clock recovery (i.e. the reading back of clock data) as the
30 read back signal is enhanced from a minimum of say half
amplitude at the start position to full amplitude at each
boundary. This ensures that the quality and level of the
clock data read back by the read element 1 are each as high
as possible at all times. The read element will normally
35 always be over known data and not random data. 1In
contrast, writing in only one direction would cause the
skew angle to work against clock recovery as the amplitude,



25 zero) and witing clock tracks first to one boundary of the data
storage region, returning to the start position, and then witing clock
tracks tovoheemsher boundary of the data storage regi on. PCTVGBhi/@078&RYy, the
skew angl e al ways aids the clock recovery (i.e. the reading back of clock
data) as the 3o read back signal is enRkanced froma m ni numof say half
anplitude at the start position to full anplitude at each boundary. This
ensures that the quality and level of the «clock data read back by the read
el ement 1aaréeaathtawahﬂghthasepdssfbbéoak aklitingeswoihé beablestenent wil |

normal |y 3541 ways bedopecrkaeyn datacang 9ot eLapdpnLdaa:lgegontrast,

writing in only one g eM/ang o0 work agai nst
cl ock recewdr $hgsrend aﬂpmenﬂd@aYWDﬁOEP6¥H$QHP@T$QB©1¢ o8BS timeat | east

t owar ds tg@egnqaghoﬁlgg%awghthgg gweil d be less than half and probably
| ess than is feasible to recover, and the read el enent may be positioned

sone of° the tinme over randonldata on the disk. 5 Typically, the *storage

mediumis a rotrgbliega1diySkicheEaebrabet hedilimstissat retat thgheisk| ock tracks
is preferably Successively closer to the first boundary. 10 Each of the

second set of further clock tracks is preferably successively closer to
t he second boumdahyofThhengtifed soY odnmfiurshetkhelstkptobchsi isng servo data

is to the st medi um i nt.erl,eaved with_t clock,.d h servo data
S Loed § BEPEE R G SR B Bt e R B RSt E St 0 and
precondi tioned storage nediumin use by an end user. 20 The nethod may

Compri S8 LNe, SEERrObakkE BedoARTbER o 2hPehex! BEoSkOL 2GR gRRL UM and
conprising the'ste

preferably succe851vely closer to the second boundary.

The method may comprise the step of writing servo data
15 to the storage medium interleaved with the clock data.
Such servo data is used to locate the read and write
elements of the fully assembled and preconditioned storage
medium in use by an end user.

20 The method may comprise the step of writing location
data to the storage medium and comprising the step of
reading the location data to locate the position where
writing of the second set of further clock tracks is to be
initiated. This enables the entire set of clock tracks

25 across the storage medium to be properly and accurately
aligned with each other to provide a contiguous clock track
across the whole of the data storage region of the storage

medium.

30 According to a second aspect of the present invention,
there is provided a method of writing clock data to tracks
on a storage medium using a read element and a write
element that are offset relative to each other and which
are skewed relative to the storage medium by a skew angle

35 which varies according to position of the read and write
elements relative to the storage medium, the storage medium
having a data storage region having first and second



reading the location data to |ocate the position where witing of the
second set of further clock tracks is to be initiated. This enables the
entire savoof/embnck tracks 25 across the storage nedi um t BCheBpr/apes |y and
accurately aligned with each other to provide a contiguous clock track
across the whole of the data storage regi on of the storage nedium 30
According to a second aspect of the present invention, there is provided a
met hod of witing clock data to tracks ,on a storage nedlun1u5|ng a read

el ement ahduadaries. etbBremethndt carprasingt thel atene e6: eath ot her and

whi ch ar@riE@ﬂﬁdfiﬁbétb!@ckodhég ééoaagfrgedtyaapytﬁaéktha@ﬂée 35 whi ch
varies according to _position of wite ﬁgenents relative to the
S

st orage nE8PHAPSt RE %PBré&eanﬁaﬁaﬁFoﬂaéFnﬁhécﬁafge FUGRNILYI B havi ng
flrst andsﬁageaﬁtwﬁnmy/§7ﬁ5alﬁam/EBQﬂQO@HSSwrlseb@ueﬁemtes(sthe met hod

t t Kk d t f | ock
rack on ERESioiobBEe HhEAF UM tatpbe: FFBTaEhant SRt RheSREW akgl e i s
substantlgbh;ratmnglammbksdagatﬁermalsabséqnent tt8¢k5fremddmgathe first
cl ock data LN t | e r f
subsequen? ESI8%d §§gag 8 %é%g%ycggg |§%£$%e?#r ngéiﬁ% Q%d?a (D)
writing sgederQEaéraﬂedkcﬂech tat sad subdegueseqtizacktvaskguthag t he
wite e efEite 3L Eebsgagan%%;g Waheh‘é' BYakOBEinlOcibeckorbi £t boundary

than said first ¢ cl ock datfa further tracks
u5|nQJWhefWKEFeb@P€§éﬁV thaghsagf §aratfGipﬁbrtFaaEks(Eéuwglgh%aessuve|y

closer tochRex khtat tBoyngdankr thackkoakidat enbofreaeheémentd éaehher
tracks being generated from data_obtained rea gnghthe is cJ]ock data of a

previ ous PEadRId( ENTRBETNGTRRES BR4NNFUCGRRELVE peeT bRtttially to
sai d posi Fiigatabovdahyt hehe clock data for each of said further

tracks being generated from data obtained by reading the
15 clock data of a previous track; (F) moving the read and
write elements substantially to said position at which the
skew angle is substantially a minimum; (G) writing clock
data to a track using the write element, said track being
closer to the second boundary than said first clock track;
20 and, (H) writing clock data to further tracks using the
write element, each of said further tracks being
successively closer to the second boundary, the clock data
for each of said further tracks being generated from data
obtained by reading the clock data of a previous track.
25
The method may comprise the step of writing servo data
to the storage medium interleaved with the clock data.

The method preferably comprises the step of writing
30 location data to the storage medium and comprising the step
of reading the location data to locate said position at
which the skew angle 1s substantially a minimum to enable
the read and write elements to be moved substantially to
said position at which the skew angle is substantially a
35 minimum.



skew angle is substantially a mninum (G witing clock data to a track
using the wite elenent, said track being closer to the second boundary
t han sai avéor/e45z| ock track; 20 and, (H) writing cl ock darar/Gsof/onsher
tracks using the wite elenent, each of said further tracks being
successively closer to the second boundsmry, the clock data for each of
said further tracks being generated fromdata obtained by reading the
clock data of a previous track. 25 The nmethod may conprise the step of
witing servo é@scerdiag e st aidgd medegin oft &hleepregenict inveatdback dat a.

The Dot NO%HRiY AP BERRGSIER Hritilly 901 lasal kanadata 1o the

storage nmedi um and conpri sin e step the F6cationSdata to
| ocat e saﬁ&oﬁégetméﬁlﬁml\MHQﬂ$HH%§a§M§WCQW@KéS#@SSubgtéﬁprégbymad#umlnunlto

enabl e thaiceataangd \aralttae s%'cﬁ'é@'ét Felg oRE hERM & % %E%Eaahaalsleléoha sai d
position at I ch th I s Substanti all m ni mum WO 01/ 67452
PCT/ GBC’L/ arigsp, 8oN§Pﬁ§138°§ktﬁPF& &§p§8tb§fWFHétEPesénFePﬁventlon
there is prlevieted amapar alnis & @1 ewlentt @gla(tl @&&h @&Tf@eﬁ:oréla%h‘r}éa?é medi um
the a aratus . .a storage,nedium c a _storage region
avi g 1 RO T B SR Aot A ST Ll o Cabhis SECFB%Be ur i 1t on;
a read ehe@amm bgdaashmmxan@haanucmhahraes abbseﬁlmglablpgshﬁloa?chmﬁthﬁr
d which Kk 0 d skew angl e iC
an I C %rgl% %@3& a%. Wf@%e %1%ﬁbni% Q% 1! E@nggéngﬁpgagglaglve to

vari es accor ng to r ea Wit
t he st¥r agedidmred G@mtmddmrr @lurenggdr Mg@@utsa thaeswrtiihe wilemensl &went to

write i seleoeh 4t 31t dadelaS kLot rtaelioggz tReckSHAr agg medium at a
position at which the skew angle is stanti a a mnimn a clock data
generatorsﬁ§Fage medium at a p051tlon at which the skew angle is

substantially a minimum; a clock data generator for
generating clock data for a subsequent track from data

15 obtained by reading the first clock data using the read
element; a controller arranged to cause said generated
clock data to be written to said subsequent track using the
write element such that said subsequent track is closer to
the first boundary than said first clock track; a

20 controller arranged to cause clock data to be written to
further tracks using the write element such that each of
said further tracks is successively closer to the first
boundary, the clock data for each of said further tracks
being generated from data obtained by reading the clock

25 data of a previous track; a controller arranged to cause
the read and write elements to be moved substantially to
said position at which the skew angle is substantially a
minimum; a controller arranged to cause clock data to be
written to a track using the write element such that said

30 track is closer to the second boundary than said first
clock track; and, a controller arranged to cause clock data
to be written to further tracks using the write element
such that each of said further tracks is successively
closer to the second boundary, the clock data for each of

35 said further tracks being generated from data obtained by
reading the clock data of a previous track.



generating clock data for a subsequent track fromdata 15 obtai ned by
reading the first clock data using the read elenent; a controller arranged
to causewabdeyenerated clock data to be witten to sai dpeDoBegusss track
using the wite elenent such that said subsequent track is closer to the
first boundary than said first clock tR8ck; a 20 controller arranged to
cause clock data to be witten to further tracks using the wite el enent

such that each i rt ! i kyel the first
boundary, the gﬁ%cﬁﬁgggg %@rqg'chﬁgﬁﬁggié ?éggﬁéii%?aéﬁgg8§§?n58generated
f rom dat acelsgi wedtbBpar eddisegvohdatkotk 2hedstarsgeampdéwinous track; a

controlIeapﬁg&qgg@gd}gi%§p§%e thHechieadrand wite elenents to be noved

substantially to said position at which the skew angle is substantially a
m ninmunm a controller arranged to cause clock data to be witten to a

track using thener hppadla@i@nprefelalbhat isalddd8 kraektiks1gkeser to the
second boundary than said first ,cIogPFtrack' and, a controkler arranged to

cause cl oPFT@RE8Y £6 FURS LOER 6™ GRtReFOt PECRELEEPRGEPhE Rrite el enent
such that seathgef meditnf anidheo ichacks the 3veaessnvébya €bober rkadt be second

boundary,lthe cl ock data.fo% ea%h %ﬂ %5 Eaid furghe tracks bei ng generated
from data 8SF§Fn5818yp°Fé§diﬁgath¥ ¢ CE aaFEer H9pFevifous track. WO
01/ 67452 BGbcEROLLGQA1®5 a wiMiTiuwm appemabls thy irrebudedawcaherol | er

arranged e (R f : e_staqr : LU i nterl eaved
M o SlenBRLEPCY b B Rl SbETua1Le ERTSAE BASLTRO R, T o
arranged whichusde| skew emadst dst substantinddyt 8 mhaimymoer age nmedi um and to

cause the location data to be read to |ocate said position at which the

skew angle is ;3URSEANYAlHHA MaHTHLE EHAPLEALDE1182d ARG BE!te

embodied as a single controller and that the or each

15 controller may be embodied in discrete logic circuits, in
one or more application-specific integrated circuits
(ASICs), and/or software running on appropriate

programmable apparatus.

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

accompanying drawings, in which:

Fig. 1 is a schematic plan view of read and write

25 elements positioned over a track on a disk;

Fig. 2 is a schematic plan view showing a portion of a

disk and an arm carrying read and write elements;

30 Fig. 3 is a schematic plan view showing read and write

elements at a skew angle to a track of a disk; and,

Fig. 4 is a schematic plan view showing a portion of

servo and clock track data on the disk.



so elenments to be noved substantially to said position at which the skew
angle is substantially a mnimum It will be appreciated that the
control | av@omemssbe enbodied as a single controller and tphar/GBarowss each 15
controller may be enbodied in discrete logic circuits, in one or nore
application-specific integrated circuiygs. (ASICs), and/or software running
on appropriate progranmabl e apparatus. 20 An enbodi nent of the present

i nvention will now be described by way of exanple with reference to the
acconpanyi ng drawings, in which: Fig. 1 is a schematic plan view of read

and wite 25 gheaemypipadi SeQfedlovking HisRKk anfardtskloEkgtracks a
schemati c ,pl an,vi ew showi ng a ﬂgrtlon of a. disk and an arn1carr%|ng r ead
and writel8 wkdstEn 80 Ehg disksugimghenuribeprhpmentwihehi #§ FBad and

wite el gaeqt g ated ei@ﬁ@n%”%&eoh% @ftEggdeEaawgigg Ff@ engégkh%t's a

schematic plan view showng a portion o Servo an trac ata on the
di sk. WD ﬁS/ﬁﬁeEZtBCWtﬁﬁelﬂ@mﬁsﬁo the Hhsk typingl asthbichsekofigtdesk, a

first clo itten th g, a ite el epent which is

t he data%%F%t YéP@n@Hﬁrgﬁeﬁhe gpetEéragtSTRFEtEr%¥%néﬁt§rPH5?ns is used to
wite datarbandhendi shodle idigkaebuak 'é%ﬁt\%ﬁubﬁg witBKaRYeRBcENduMBEE. The
first clock track is witten around the ol e disk to be contiguous with

an exact RénPegnesfcmigrasiitionsgnardi ensmahd alefure @I@Qnr@héﬁholswhlch is
LN DGR RTLRER S aT el DLer nBhe! 9302001 YELLE LRqehelERt s of the

di sk are hal trac or-one Tt R width.
The i nteer eAkemeasd etﬁem:hret dilsk u&edthenr potebackypipallyoByoh hARE| ust

witten clock. track. The data read back is used to generate the cl ock

track or one third track width. The internal read element
is used to read back a portion of the just written clock
track. The data read back is used to generate the clock
track data to be written to the next clock track with the

15 internal write element. This reading and writing is
carried out in an interleaved manner around the track.
Thus, going round the track, a short portion of the clock
track just written is read using the internal read element
and a short burst of clock data is generated by appropriate

20 electronics and then written to the next clock track by the
internal write element. A phase locked loop, which may be
a digital phase locked loop, is used to ensure that the
phase of the clock data about to be written is aligned
(within small predetermined limits) with the phase of the

25 clock data of the previous clock track. As disclosed in
our WO-A-98/31015, the phase of the generated clock data
can be adjusted by use of a reference timing signal. Phase
adjustment may be achieved in other ways. In some
circumstances, phase adjustment may not be required. At

30 predetermined positions around the clock track being
written, servo data is written, that servo data providing
the servo tracks which are used to locate the read and

write elements during normal operation of the disk in use



track data to be witten to the next clock track with the 15 internal wite

el ement .

This reading and witing is carried out in an interl eaved

around t weODr/6mk2 Thus, going round the track, a short ppeT/GBnl/af783
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typical head disk assembly, the arm 5 which carries the
read and write elements 1,2 is mounted for pivotal movement
about a pivot point P which is displaced from the centre of
rotation O of the disk 4. This means that, at a general

position over the disk 4, the read and write elements 1,2
are orientated at a skew angle 6 to the direction of the

track 3. (It will be understood that the skew angle 0 in
the example shown i1s the angle between a line joining the
centres of the read and write elements 1,2 and the
longitudinal axis of the track concerned.) The effective
offset y between the read and write elements 1,2 is defined
by v = x cosO® where x is the actual offset between the read
and write elements 1,2. As can be éeen, the effective
offset y between the read and write elements 1,2 therefore
varies with skew angle 0 as the read and write elements 1,2
are moved to different radial positions over the disk 4.

It should be appreciated that this variation in effective

offset between the read and write elements 1,2 because of

the varying skew angle 6 is in addition to the variation in

‘the read-to-write delay with radial position that occurs

itions

during
witten
at the
e disk



typi cal head di sk assenbly, the arm5 which carries the read and wite
elenments 1,2 is nounted for pivotal novenent 15 about a pivot point P which
i s displ acedvénem the centre of rotation 0 of the di sk 4pCThiBsr/oEshs t hat,
at a general position over the disk 4, the read and wite elenments 1,2

are orientated at a skew angle 8 to th&direction of the track 3. (It will
be understood that the skew angle 0 in 20 the exanple shown is the angle
bet ween abbbaespobﬁibgetﬂéffeeanteiinéarhepeeédoénpomtiOBsebénEhes 1,2 and

the | t | f the_t d.).The eff ffset
petween (RSReAd EnALMERFERE| ERBARS BS0LF LORE! SHEAR BJ=5 P 486 Bherd x

is the actyakoehteat abebweensthatrr aaguiaragdlveite, eb@”ﬁﬂééués@d s can be
seen, the effective offset y between the read and wite elenments 1,2

thereforeth@aﬁnéﬁodﬂphl§%eﬂbéﬁgle Woys imporbadtiWd @Fi theefk@¥nts 1,2 are

nmoved to differ r adi al tio t t shoul d, be
oy oot SRLRS LRFeCharrar bhh Shoust ckerdceTaRtat: Lots bEOSLEIORRE 1 ead

and Wﬁ'teo€E§”§@E§ and Heeause ehe Eh@ckaﬁ¥heﬁ skewgapghg £hbg, in addition
to the variation in the read-to-wite delay with radial position that

occurs WOTbis6m452sPENAGBOLL00REE] oi3tbecamgaabfrehé Betkefenrecasasar
speed of QOE%IOHS of the gisk 4 gt dlhfer a adl b p sig ons.gi ven t hat

t he di sk PGEated g SaSloRiPant a 68? e %GVOC a< %cﬁssed in the
i ntroduct yaai1aboves Wakesigpant ashliybaak EB@mSKﬁé/§réﬂﬂbasoclﬁﬁkeases t he
skewed read elenent 1 is positioned over |ess and |ess of the clock track

bei ng WealrBgEk CaFhbecRBENSOt RelW that| ébelisofiiffécylgnar ifwREsBAbke
decreases, Wb%ﬂe%%%%eﬁa!ngl% %wdeglgorEgﬁ@tﬂé%Eytr% ESVSE pdeggal ity
acC rac

of the signaF Trea % rom the previ ous cl oc can econe so | ow
that it iand tbi enstirer thajtosiebbhastoofienbeahexthelokckrdakaifor the next
track to be witt ?n, , , . . .
aligned (within appropriate limits) with the previous clock
track.
15
As is well known, the disk 4 has a data storage region
on which data can be stored and which is located between
two boundaries conventionally known as the inner diameter
(ID) and the outer diameter (OD). Physical end stops are
20 usually provided to define the extreme limits of movement

of the arm 5 between the ID and the OD.

In order to minimise the effect of the skew angle, and
in accordance with the present invention, the first clock
25 track mentioned above is written to a position on the disk
4 which is between the ID and the OD. That position is
preferably where the skew angle is a minimum and most
preferably zero. In a preferred embodiment, the arm 5 and
the head disk assembly generally is arranged such that the
30 skew angle is a minimum or zero at the middle diameter
(MD) , which is located half way between the ID and the OD.
After the first clock track is written, subsequent clock

tracks are written from that first clock track to one of



and to ensure that the phase of the next clock track is aligned (wthin
appropriate limts) with the previous clock track. 15 As is well known,

t he di sk Wwiohue7482 dat a st orage region on which data can beCweGBoEa78d whi ch
is | ocated between two boundaries conventionally known as the inner
dianeter (1D) and the outer dianeter Physi cal end stops are 20

usual ly provided to define the extrene |n1ts of novenent of the arm5

bet ween the ID and the OD. In order to mnimse the effect of the skew

angl e, andt§ &t deir O i thdghedan 3 maafiodan kd gak $ragkock 25

t Kk ty o égyg%% @anvhich is
b(ra?\(/:veenrre?he Irﬂl?j ﬂ%“%%ﬁp%%%%ﬁ%ésd aﬁ%@ ere t he skew

angl e i s pmEwnionghamtosin grefleratdak z(ewlnch rl.sa gr@ee:ratﬂdr éeodi nent ,
the arm5 and head di s ass nbl en aII arr.an uch that the
30 skew angf drlsaq'aelr%f BIRAT o thark ?‘Eé%} (‘:ﬁ@ K which is

| ocat eds hadﬁax%@%u&eébémelp ﬂ%éﬂ‘%cﬂ%he ATD & 1J1e dd tHe Wa@ek track is

written, subsequent clock tracks are witten fromthat first clock track
to one of MAY 3 67 45X FICH IBOAY (0R88 racks thﬁefel Deayd wiid t@D, omtt lodata for

a particul ck trac n ene ed m _dat & abf aj read| ng
back a pr%{/el gfurglé;r vé]?t%%en o ocgaksg‘traaéatb(evw |sr%1p?5eflesr gtﬁq&}lrﬂ%i

I mredi at elghepnar etidige Td ¢le ke K )ar Eafi tdrd ten t!HeOQﬂtHi;rt [GHC ke HeS ID
successively_ closer to the |D or 0D as, the case nay be. After all of the

tracks haAb&H @IFHRMAPALY SUIIRSS Iy oy Gﬁ“@srqué'—fk?a%hﬁy thehe arm 5
:asdr (Ca;Dyg Q%L noa\[/%gé\%u%g%sm vel ya%{ %f&ﬁrﬁ\e&dﬁ% c% L%%c%t IEI%IS ngt ge) !515
t he case reirye, genddeteat hfodmwaatta aldcadateal by reading back the

clock track of a previously written track. In this way, the

skew angle always aids the clock recovery (i.e. the reading

back of clock data) as the read back signal is enhanced

15 from a minimum of say half amplitude at the start position
to full amplitude at each boundary. This ensures that the
quality and level of the clock data read back by the read
element 1 are each as high as possible at all times. The
present invention therefore uses a dual pass self-

20 servowrite process starting at a position where the skew
angle is a minimum (preferably zero) and writing clock
tracks first to one boundary of the data storage regionm,
returning to the start position, and then writing clock
tracks to the other boundary of the data storage regiomn.

25 The read element will normally always be over known data
and not random data. In contrast, writing in only omne
direction would cause the skew angle to work against cloek
recovery as the amplitude, at least towards the end of
clock writing, would be less than half and probably less

30 than is feasible to recover, and the read element may be

positioned some of the time over random data on the disk.



bei ng generated from data obtai ned by reading back the clock track of a
previously witten track. In this way, the skew angle always aids the
cl ock reocovery74i.e. the reading back of clock data) as poEGBera7BRCK
signal is enhanced 15 froma mninmum of say half anplitude at the start
position to full anplitude at each bo&Adary. This ensures that the
quality and level of the clock data read back by the read elenent 1 are
each as hi gh astposdilblbe atpratdcitatress thilte 1tpriss desimabéet ton t herefore

uses a dual, pass self 20 servqQwrite .,process start,ing at a_ position where
the skew THTHTESS SV SRR SRty PR AOFORIa TN MihG EPBCHOLEr acks
first to one teURdY Hrddie dRltReHOARe 8% Dass ShNkAg Lealhe start
position, and then witing clock tracks to the other boundary of the data

storage r @fotiars ttheneaf dmdaungardiesoamd thealsgapndbpaseefriomown dat a

and not ramgo ~An.contrast,. witing.in only one, . direction would
cause the s evr%t%%qag%%tv%r tgjgé:lhnesto%’le(fgl?ournggﬁelpg gget ﬁé}%gnm i tude, at
| east towasttsrddee rerd oaf. diioiek iw iddgigableulich bedeessot haavhahf and
probably less 30 than is feasible to recover, and the read el enent may be

posi t i oneFYEHIUTUS REGLSRD Rferclogkd dhadksa 396t ROTEi dRPOWEADEAE7452
PCT/ GB01/ - i Jals i { i i I |
gﬁ?ycﬁ%ﬁ%/}%&d{%s%“%%l#cﬁ%?{deﬁb%%%d t'ézétl:t 5 t:;s%rgg.s hhabl ¢

to
m nim se IC e associated wth join In Phe cl ock
tracks bethesdn tthee fadistl pass dimpuntiesresicdefl diasictiionst acapesothehe

boundari es ,and t eco, ass from s . the start position to the other
boundat$ 6"fh°tq‘r?e Odngtt est%\‘q'aagesstroéfgﬁgﬁn.reﬁﬁoél'i s desirable in order to | eave a
contiguous pattern of clock tracks and, nore inportantly, a properly phase

aligned and | ocated set of servo data in both the radial and _
ci rcunf er enci al? dlatedtliashexammdss athan exanplle of ehaeglavd scepadéngegi on.

to the present invention will now be described.

15 The positioner (not shown) which controls movement of
the product arm 5 is initially calibrated by moving the arm
5 between the OD position (indicated by 5 in Figure 2) and
the ID position (indicated by 5" in Figure 2) and a start
gray code computed for the MD position or zero skew

20 position (indicated by 5' in Figure 2) where the servo
track writing process will begin. If desired, at each of
the OD, MD and ID positilons, the write-to-read delay can be
measured and the measurement used to modify a nominal
offset table which is stored for use in the overall control

25 loop which controls movement of the arm 5.

The arm 5 is then moved to the MD position 5' which is
the nominal zero skew position for the head disk assembly
being prepared. A contiguous clock track is written and

30 closure verified within predetermined limits, in a manner
well known in itself. When this first clock track is
written, a unique time redundant clock index mark 10 is

also written to the disk 4. The position of the clock



A detail ed exanpl e of an exanple of a nmethod according to the present

i nvention will now be described. 15 The positioner (not shown) which

control swoveearst of the product arm5 is initially caliberGBdy/myssovi ng
the arm 5 between the OD position (indicated by 5 in Figure 2) and the ID
position (indicated by 5" in Figure 2)_and a start gray code conputed for
the MD position or zero skew 20 positFB “(indicated by 51 in Figure 2)
where the ,servo_ track wiiting process will begin. If desired, at each of
the 0D, MORESE RB p&siverddded: wathy pt ehager éagkadl dgopanhpeh ABasured and

the measunggRal psednta TRdiky g%geg'hpg st £8eh b@RLE KhLChohp g ored for

use in the overall control contrors nbvenmen armsS
The arm 5sitartheg poded.to the MD position 51 which is the nomi nal zero
skew position for the head di sk assenbly being prepared. A contiguous
clock track is witten and 30 closure verified within predetermned limts,

in a manner wekhvknewkorialttisgl fis VAR Lbiscbhr $h skaek tbagkiby witten,
a unique time redundant clock index nmark 10 is also witten to the disk 4.

The posititbs seadhand vekt@pedemenys521pPETLCBDE/ DOF8Eioned ahdekell is

bur st 5 1o BBy L a0 PRASPELat (o8 aFErhothBi At 7Sk “Sebugt REBPRAEFBREPS {hen

witten i haer deent ardktew imheheeddrafdswiibRreteABNbSss, anioj@8Lpositi oned
at the correct radial position after the first set of clock tracks has
been writ PEROENCOhWTLLEEE §8pvEREPRAN§eHass ahackustachpi ér EBewriting the

cecondsebeRtntl pakel BT cnd Bbcke Serend e THOLLINE Rk (vl
initial ckbeket paekmang thdtfeweat fwalsonf raddalyyohecating the

initial clock track and that what follows is only one
specific example. In this specific example, five servo
tracks are written with guadrature amplitude bursts in the

15 servo sectors, with synchronisation being maintained by the
interleaved bursts, with the positioner moving the arm 5 in
either one half or one third steps towards the OD. The
sequence starts with a 'C' burst with A, B & D erased,
followed by 'A&C' burst, then 'A' burst on its own. This

20 sequence preconditions the servo burst patterns to allow
the first clock track to be properly located after the
first set of clock tracks towards for example the OD have
been written and prior to writing the second set of clock
tracks towards the ID, and allows the first and second sets

25 to be aligned both radially and circumferentially. The
sequence continues with a 'D' burst and C erased. The read
and write elements 1,2 are then stepped back to the initial
start position and five tracks are again written with
quadrature bursts towards the ID. The read and write

30 elements 1,2 are then stepped towards the start position
until the output of the demodulated signal (C-D/C+D) is a
minimum using a binary search on the DC component of the

error signal. (This could alternatively be achieved by for



specific exanple. In this specific exanple, five servo tracks are witten
with quadrature anplitude bursts in the 15 servo sectors, with
synchr oniw@bvi/ensbei ng mai ntai ned by the interleaved bursPEeT/GBOt/in78he
positioner noving the arm5 in either Qne hal f or one third steps towards
the OD. The sequence starts with a C'1 burst wth A, B & D erased,

urst, then "A _burst on its.oqwn. This 20 s ence

foll owed by ' A&C q
preconditééﬁ?P&ﬁec €§%F3Mi1ﬁe§%&géVﬁ%aFBu&pl5%1Stﬁ€rPFr§ﬂgngc track to

be proper kpphel a¢abedadld @hdh@orftintledseh ekoCkeskot Eagks tawardaikor
exanple the OD have been witten and prior to witing the second set of

clock trdoks thweer é&epise and, tded DY lcomponieatf pfsthandrsesondgssils 25 to be
al i gned bath rgﬁialléﬁﬁpd circ%gg%;entiall . The seg%¢ ge cgnthnues with a
"D bur st &G CEr asEu PIHRE Y EXET Hhd SwPPPA e PEREREEST, SOaPER AR st epped
back 10 t kel Wichodulatled tsiRARIll a0l ame WirEelrencks batkeagatheWdnthen Wi th
quadrature bursts towards the ID. The read and wite 30 elenents 1,2 are

then stepp@§ensngr §9 Ofe Wildtepeaid tde aekvpl dREaodeperdse -t ndhis
demodul at ed £5ieg7aal. el @'susca%@eq %s?_?ﬁlmo@f@'é@ Yal-Reqd Qh@aﬁ%osgaﬁggsogft he DC

conponent of the error signa Is could alternatively be achieved by
for WO 01/i6ig452rROTEGRRK OQ7A8S ng bromemspl e Thlisswnd lansemadliyobp ar ound
this error_ signal. The steps.,are then contjnued .in. t servo_track

[t or val S T LA BecHins iR A BE IeomIgrn B ChE CRRGK. SPGRAPS
recorded. ADIdNFHLrSLA GudS Al %d%.rr%ori'ﬁe@l_itf(ie@eﬂt”ﬁi?e@tﬁ@_ﬁsd%&@du| at ed
signal and the difference between the data intended to be witten and the
actual datcaRusecer dediathion oflffedr amcdrackspdited as wwrigteneanet ween t he
two passes _of . the _servo.track wifing _process. Thi% w_ll _narnmal ly_be

required FECR0EE e WP e witth FeRFH RS ttnhaec gﬁgéi Rﬁ SitgoR; 8°
di fferent gepdauldle dRMING dupatifdeentc hd pestitdesn Wrom the move
system, the offset can be computed. This portion of the
15 disk is now DC erased ready to commence the servo track

writing process proper.

In the next step, the process starts again with the
writing of a contiguous clock track at the MD, checking for
20 closure, and calibrating the write-to-read delay. Writing
commences towards the OD as described above, with reading
of a previous clock track to obtain a signal from which the
clock data for the next clock track to be written is
generated. The gray codes are decremented to count the
25 tracks during this process and the clock index mark 10 is

left outside the clock interleaves.

After the first set of clock tracks has been written
from the MD to the OD, the arm 5 is moved back to the
30 nominal start position less four servo tracks and the clock
resynchronised to the sector timing marks previously
written using the phase locked loop. Using the sequence of

servo data originally written as described above, the



cause a variation offset in track pitch as witten and encoded in the
bursts. By neasuring the actual position as denodul ated and conparing to

t he posi Won/ém6m t he nove system the offset can be conpOr/esol/TiTRS
portion of the 15 disk is now DC erased ready to conmence the servo track
witing process proper. In the next steg the process starts again with the
writing of a contiguous clock track at1¥ne M, checking for 20 closure,
and calibrating the wite-to-read delay. Witing, comrences towards the OD
as descri pedikbevevwhgireh (CeBdiCng) &F a pivimvuswétbckBeRhcksto obtain a

genorat ed OFREChr oy s 0t 5AkE, 18, £hEh PEELRfRA FRoE0EH, Hakedring

this procead ardtthelemetksi ndex foarksddvostrhekt bowarde the stagk
i nterl eaves. After the first set _of clock tracks has been witten fromthe

MD to t hePPBiLLRB aRMh thies PRaFEd LBSERS: 6OPRe180URABH hal SERGRFOPSSELi on | ess
four 'ser voo! EAgks aBdnbha oLk e YBERT PBhsedahg EhReRCRAPE 1hM N marks

previously witten-using“the phase oop. Using t he sequence of
servo dat Zher pgensbibpew nowestapsdeser sbedoaboaek mhauW\OchBe/ 67452

PCT/ GB01/ 00785 iLon [ DDCtD) is a mnimumwth (BSA) is
| ocat ed. ?ﬁ&vb8§?ﬁyoﬁ8i #EaFﬁgh Sgéég}ed to step the read and wite
elenents 1,2 four servo tracks towards the start position and the phase

| ocked |l oop is used to synchronise 5 to the originally witten clock track
and i ndex mar kH@@lﬂQTﬁ@Wpé@C@t@dethﬁompgwp@n@ﬁelﬁeth@ 8PRERPHLALS t he

D o S B 9L g LRI BN 0GP DAY bABRORe BuEE
self-serv@eWEkberpbow&§$el@r@&@estdwamddetbEWEEdsagaenImmtbgaln with
clock data for a track to be written being generated from
data obtained by reading back clock data from the previous
track.
15
In accordance with the present invention, by using two
passes of the read and write elements 1,2, starting from a
generally or substantially central position and writing
first to one edge, returning to the start position and then
20 writing to the other edge, the varying skew angle aids
clock recovery by maximising the read back signal amplitude
at all times. This ensures that the signal read back at
any point on the disk by the read element 1 has the largest
possible value given the constraints on the design of the
25 head disk assembly. Servo data is written at appropriate
positions in an interleaved manner with the writing of the
clock tracks. As described above, in the preferred
embodiment, the disk is conditioned by writing an index
mark and servo data around the initial clock track so that
30 the position of the initial clock track in a radial
direction as well as in a circumferential direction can be
accurately located so that, in turn, all of the clock

tracks and interleaved servo data are effectively



clock data for a track to be witten being generated from data obtai ned by
readi ng back clock data fromthe previous track. 15 In accordance with the
present iw@enei4sn, by using two passes of the read and weCtT/eBel/entents 1, 2
starting froma generally or substantially central position and witing
first to one edge, returning to the start position and then 20 witing to
the ot her edge, the varying skem/anglélards cl ock recovery by maxi m sing
the read back signal anplitude at all tines. This ensures that the signa
read back contigmpusobetipin Kéiedirekdipy end cézdumifementialhas the | argest
possi bl e %@&%%tqi%gp the constraints on the design of the 2s head disk
assenbly. "Sérvo Patd is witten at appropriate positions in an interleaved
manner with the witing of the clock tracks. As described above, in the
preferred enbodinent, the disk is conditioned by witing an index mark
and servo dat a®®r GIRPIIMEnthiaf dhecpyerentadrventipra: hag PreNpositi on of
the inidi e chagied LA, | f%ﬂé?*d@ re%b&%ﬁk%ogoaﬁpgeEkaﬁ?%én a
circunferential direction can be accurately located so that, in turn, al

of the cl ddRustratles] .andidwetvern, edrediddr be dapaecaiateflf ehtitvel y WO 01/ 67452

PCT/ GB01/ 00785, ,-19 conti both in the radial and circunfetrenti al
directiongarﬂﬁtéﬁﬁgdFﬁ@%ﬁg%ﬁﬁﬁﬁ@%698§eWPYiH@eWFaSn%HagﬁSe@ﬁamgiﬁescribed
Wi th partigeldcai veefl e/ienae tthd RRopeadRl @nel bhrusbhat edvekowsper, it will be

appreciated that variations and nodifications nay be nade to the exanple
described within the scope of the present invention. 10 Reference is nade

Lo copaPdl N9 PRLU- R GALAL (0UHBRERALRY BALELLCdppts ELETELNG METHOD
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
are owned by the owner of the present application, and the
15 entire contents of which are incorporated herein by

reference.



STORAGE MEDI UM' and (2) entitled "METHOD AND APPARATUS FOR WRI TI NG CLOCK
DATA TO A STORAGE MEDI UM' of even date, which are owned by the owner of

t he presavo oappbi cation, and the 1s entire contents of whCT/eBat/e78s

i ncorporated herein by reference. WO 01/67452 PCT/ GB01/ 00785 -20 CLAI M5
1. Anethod of witing clock data to a2¢8torage nedium the storage nmedi um
havi ng a data storage region having 5 first and second boundaries, the

met hod conprising the steps of: wit] first clock track to the data
storage region at a first position n the first and second
boundaries; 10 witing a first set of further clock tracks to other

positions .on the t t qgﬁ r.egj QR,. sal ther _pasitions_ far _the first
set of fur]t'her&‘cl“%c h%td?aoas ;‘lln %g'tov(\%en t(k%let{{%f i %tioﬁjg it imgrqlélﬁld the first
boundary; tded stemagengesisut dayiger aofidafar tsiteragieocleaticac keviimgot her 15

POSI {1 NS (e @Al Y WG, 00 nRhRl ROAP!iANRg kol the second

set of further clock tracks lying between the first “position and the
second boft@Rsy O£ A method according to claim1, wherein each of. the 20

first set of fustitamcLl0@ ASaEDAKS taeRe dednly emtdalst oralbiearaed ohy
readi ng cl oc ta from,a ,previous e%! giéet rack and wherein each™of the

k
second sett‘oft Hre PO Psdve Ferate @ SRCPRCA obt ai ned by
readi ng cloetinddatizs;rom a previous clock track. 25 3. A method according

(2,550 2, MRS e A o RLAN, ML LeRCR v 2
and positions on the data storage region, said other positions
for the first set of further clock tracks lying between the
first position and the first boundary; and,
writing a second set of further clock tracks to other
15 positions on the data storage region, said other positions
for the second set of further clock tracks lying between
the first position and the second boundary.

2. A method according to claim 1, wherein each of the

20 first set of further clock tracks is generated from data
obtained by reading clock data from a previous clock track
and wherein each of the second set of further clock tracks
is generated from data obtained by reading clock data from
a previous clock track.

25
3. A method according to claim 2, wherein the tracks are
read and written respectively with a read element and a
write element that are offset relative to each other and
which are skewed relative to the storage medium by a skew

30 angle which varies according to position of the read and
write elements relative to the storage medium, said first
position being where the skew angle is substantially a
minimum.

35 4. A method according to any of claims 1 to 3, wherein
each of the first set of further clock tracks is
successively closer to the first boundary.



whi ch are skewed relative to the storage nmedi um by a skew 30 angl e which
varies according to position of the read and wite elenents relative to
the storageonedsum said first position being where the BKBWBANYI7ES i s
substantially a mninum 35 4. A nethod according to any of clains 1 to 3,
wherein each of the first set of further clock tracks is successively
closer to the first boundary. WO 01/ 67432 PCT/ GB01/ 00785 -21 5. A nethod
according to any of clains 1 to 4, wherein each of the second set of
further clock tracks is successively closer to the second boundary. 5 6. A
met hod according to any of clains 1 to 5 conprising the step of witing
servo dat&-to Fh&e FETRERIBS tionpay edvedadishlt e &l owkedeta. 10 7. A

met hod aceeicdi RE theaReIndIRIMH L Fiie therCIBLKSkRYckEhegstep of witing
| ocation data to thgé{Sté—‘ rq@s%gr medi_ um and conprising the step of reading the
t

| ocati on FRCESSELVE 56s it 1§ &HR8Fe PRUPCARY - of t he second set of

furthers clock tracks is to be initiated. 15 8. A nethod of witing clock

data to tr.acks.,o torage Jjredi um using_a read elepent and a wite

el enent tﬁgt af eﬂ‘eg%]?) geta%%&rgtlf\%% oaélé’c%fof’ﬁfélﬁ‘mﬁné gﬁi h GPBPSRENEE

rel ative the shepstdr agd tied werlyp datkewoanpke stbirayevaetiéam20 accordi ng

to pOSitiQQt%E&EQ%eH?%ﬂt%PQH@wdﬁ%cil%EEQPS relative to the storage nedi um
g

the storage nediumhaving a data storage region having first and second
boundaries, the nmethod conmprising the steps of: (A witing first clock

data tf a7lirsh aefbd abrdng?ot ReySHe 2481 BILURLAL, acBRBLE PR
whi ch thet%£egt%ggg% b%iting location data to the storage medium and
comprising the step of reading the location data to locate
the position where writing of the second set of further
clock tracks is to be initiated.
15
8. A method of writing clock data to tracks on a storage
medium using a read element and a write element that are
offset relative to each other and which are skewed relative
to the storage medium by a skew angle which varies
20 according to position of the read and write elements
relative to the storage medium, the storage medium having a
data storage region having first and second boundaries, the
method comprising the steps of:

(A) writing first clock data to a first clock track on

25 the storage medium at a position at which the skew angle is
substantially a minimum using the write element;

(B) reading the first clock data using the read
element;

(C) generating clock data for a subsequent track from

30 data obtained by reading the first clock data;

(D) writing said generated clock data to said
subsequent track using the write element, said subsequent
track being closer to the first boundary than said first
clock track;

35 (E) writing clock data to further tracks using the
write element, each of said further tracks being
successively closer to the first boundary, the clock data



substantially a mnimumusing the wite elenent; (B) reading the first
clock data using the read elenent; (C generating clock data for a
subsequemObr/6mk2 from 30 data obtained by reading the fiPeT/GBoDeKSHat a;
(D) witing said generated clock data to said subsequent track using the
wite el enent, said subsequent trackmgging closer to the first boundary
than said first «clock track; 35 (E) wffting clock data to further tracks
using the wite elenent, each of said further tracks being successively

cl oser t0fb&eeébhsbfb%H&@aEﬁrth€§ Ekaeksdgééngwbeﬂéﬁzééa PLIn GBRL4 00785

-22 for each qf said further tracks being generated from data _obtai ned by
readi ng t PRLELGER BY: £e8A1RIp LA 649Ckr 48ka OFFf BEOVAQUEnETREkRY and wite

e'g”f“tf substam©|mbhﬁnQOtﬁézdeaasahaomraFeWEngh?hhf §KB§taﬂEi§ll§ o
supstant | 0oC a,lto acC u n
ot el Bepla BPElFELQPkaISel“a?d\A%I 587 =f6%; ABOLE RS HBERAGF YL tHaR oai d

first Glomﬂnumamk and, (H) WW|t|ng clock data to further tracks using the

lo wite elenegggrsgggﬁ % H%Egegotgaggacﬁehggnasgﬁgeﬁékggly closer to

t he second bou r “each of “sai urt racks being
gener at ed eflegengat aaldbttanankdbbyngeaapagrt he theckedand béoéundarevi ous

track. 15y he cendi-pg +t-9 gl abay conprising the step of witing
servo datagﬁg Fﬁg stgfgge%ng ?uﬁlgﬁterkeaved with the clock data. 10. A

net hod accor di A§)t yrétdng gleckchatm b0 Evnphersi hyacke waéngtBheof writing

locatign qatiaet @1bhenst Okage BediduardrtEEPPELSERY bhengtep of reading the
| ocation data to.locate

successively closer to the second boundary, the clock data

for each of said further tracks being generated from data

obtained by reading the clock data of a previous track.

15 9. A method according to claim 8, comprising the step of
writing servo data to the storage medium interleaved with
the clock data.

10. A method according to claim 8 or claim 9, comprising
20 the step of writing location data to the storage medium and

comprising the step of reading the location data to locate

said position at which the skew angle is substantially a

minimum to enable the read and write elements to be moved

‘substantially to said position at which the skew angle is
25 substantially a minimum.

11. Apparatus for writing clock data to a storage medium,
the apparatus comprising:

a storage medium which has a data storage region

30 having first and second boundaries to which clock data is
to be written;

a read element and a write element that are offset
relative to each other and which are skewed relative to the
storage medium by a skew angle which varies according to

35 position of the read and write elements relative to the
storage medium;



said position at which the skew angle is substantially a mninmumto enable
the read and wite elenents to be noved substantially to said position at
whi ch thavekeersangl e is 25 substantially a mninmum 11. POp&Bat/usss or
witing clock data to a storage medium the apparatus conprising: a
storage nedi um which has a data storag% yregion 3o having first and second
boundaries to which clock data is e witten; a read elenent and a
wite elenent that are offset relative to each other and which are skewed
relative to the csharageemedtuangydatskeauaegtnemhfﬁhevaléﬁénaC§@rding to

35 positign.of £h ead and Lte elepents rel ve to the . storage nedi um
WO 01/674§glgET%t§8&/§87§E d%gﬁ gocgn }5FEeFf3$%aﬁﬁﬁ t8nc555e the wite
el enent tetowageemedisn eboekpdathion atfwhithctbekskewcknghethe storage

medi um at t e skew angle is substantially a mnimm 5
a cl ock dS?SBgéﬁé?g?%? Pmﬁ&ﬁgﬁg?étlng clock data for a subsequent track

from dd&t a obt aRnedopl dééélﬁgnﬁﬁétbrrﬁﬁr gepekabang otpaly dabardad @l enent;

a control Eﬁbsé&ﬁéﬁgegrEEkC%%ﬁ aatd esesiﬁ&sdw'%gdlﬂat gnbOgPgspritten to
sai d subsequent track ysin e wite o elenent such™that said subsequent

track is €ﬂ8§5rdPEatH§1F9rgpeb6ﬁﬁ6aﬁ}eWﬁ§H'sald first clock track; a

controller arrang@ﬂtkalgémsarQbﬁ§§dd&baCEQsEesaMBlQéﬁ@r&@e&uélbék tracks
usi ng the E enent t hat , .eac furiher,trac
8F o

successi v8 F W5t 8n1§°f?F%g BBEHGEFﬁn t hB2E oﬂﬁlﬂﬁtﬁﬁ?owréﬁﬁh of
sai d fuort bemehtaskshbehnag gehdr atibdetinentdatrackbiai akdsby teathsg the

clock datg;oL,apBEMLRYS thhACKaid first clock track;

a controller arranged to cause clock data to be
written to further tracks using the write element such that
each of said further tracks is successively closer to the

15 first boundary, the clock data for each of said further
tracks being generated from data obtained by reading the
clock data of a previous track;

a controller arranged to cause the read and write
elements to be moved substantially to said position at

20 which the skew angle is substantially a minimum;

a controller arranged to cause clock data to be
written to a track using the write element such that said
track is closer to the second boundary than said first
clock track; and,

25 a controller arranged to cause clock data to be
written to further tracks using the write element such that
each of said further tracks is successively closer to the
second boundary, the clock data for each of said further
tracks being generated from data obtained by reading the

30 clock data of a previous track.

12. Apparatus according to claim 11, comprising a
controller arranged to cause writing of servo data to the
storage medium interleaved with the clock data.

35
13. A method according to claim 11 or claim 12, comprising
a controller arranged to cause location data to be written



a controller arranged to cause the read and wite elenents to be noved
substantially to said position at 20 which the skew angle is substantially
a mni nuwoal/eastrol |l er arranged to cause clock data to bRCTMWBOI/OE8StO a
track using the wite el ement such that said track is closer to the second
boundary than said first clock tracki24nd, 25 a controller arranged to
cause clock data to be WW|tten to further tracks u5|ng the wite el enent
such that ¢qe r acks i u s$ I

second bogﬁ E§Q Q%ﬁgg ock Bgﬁa ?greéaghﬁsg gg?d k%oﬁ rac&g %8|ng
gener at ed*EREnFAalacabearrdd Ppsibaannatt whigh éhécﬁkdutangﬁealpreV|ous

track. 1ZSuBQQQhaiHSl?Céohdhﬂ&uh0t§|éthié tRBMPELE! BRgawgpBt ol | er
arranged caugﬁ gg %g %QOf servo . data to the storage nediuminterleaved
t

with the S?SQEH vegd ﬁBPHBGnE&€B}H|H@ FB1el BPRLE40Brakl ai m 12,
conpri si nghiahcoher ekker aaylengedstibseatuseall 0gaki AAngatim.t o be witten WO
01/ 67452 PCT/ GB01/00785 -24 to the storage nedium and to cause the

| ocation data to be read to locate said position at which the skew angle
is substantially a mnimumto enable the read and wite elenments to be
noved substantially to said position at s which the skew angle is
substantially a m ni nrum



