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met hod and¥9 Mffg8Pat us for witing a servo track on a stor a§ETiGEIN/067ST
Information for systens such as data processing systens is typically stored
on storage nedia. Particular use is nmade-lof storage disks such as magnetic
di sks, opto io magnetic disks, and the liKke. One type of nagnetic disk
arrangenent is a so-call assenbl y"' which is intended normally
to be permanently fixed®H %I.Qcﬁginﬁ WP ARABERTUH FMead di sk assenbl y
i ncludes the magnetic disk nedi ung_sgggggJEMassom ated read and is
wite head or heads which wite data to the disk and read data fromthe

di sk. Another type of magnetic disk is of a type known as "renovabl e nedi a"
whi ch nornal |y chinsipstesehtaimenttion diaa.lat@%ditumai fie@hpdokegt i ve plastics
case which nsfer. data betwe ata processing,20 systens
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known nmet hod of manufacturing storage nmedia such as hard di sk drives, a
head di sk asse n 2s. head(s), the disk or.disks, the
notor and arm g}& ﬂ@%ﬁ;gbh go%mfygggmisn Sélcgaé%efiﬁga PrRFESFiRFown as a
servo-w it rysiems sbs voypicadlywsitbeeda opasteragef meddact i @araientati on
(the "servgq & RagLe S he _s ttern _becones
the master éégfence \é/\hlégh;}:ggégedlag ithleéuéﬂo; gl s% e\%. gﬁ'g §' n8PREr
oper at i bh imegRreeictdisksat andheher zlo.ﬂss an@nsed:mesoﬁnmlgaednskdﬁ.ek dat a

st or age an%fﬂﬁ%&}@ﬁt B.B gr gﬁr o9 lléﬁ a‘l%e%dt gl\gﬁ{l ra %%lgﬁr%ﬁégéacks onto

the as correct positions on I Sk durin nanufac ure in one
commonl y us;!ébt?)ﬂ@%@slsor'aa@-@ls'uabl Ppet @ﬁp‘maaleyl):ltyl ddkedr Ank ai dawei tten onto
the disk t o
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Convent i onmsne%ﬂ%e%aﬁht @eémmk 1l’t@@df| ands &dnet @Smmeteldereladchnﬁr ack onto
the di sk and-{gerkédalBe abagk WiAdh (hABd Bacd &6 fao! ki BRasgeYq {racks

can be phase ali ne wth_ s respect to eac e use of

dedi cat ed dek tFABKERRI ELEE -hed@otdesn typse s V@Mlltcl drlsﬂiolshef a

manuf act Urld}&:@rﬁﬁ@ﬁﬁ aéd“Eéﬁlb%'blreeﬁié'dl%s’ thleht ﬁ%ﬁﬁ&w fcrcag@&gteeo i tten
in a clean room becausg}t e clock track witing hea as“to be 1 nser

into the oferMREREEAEF el SKKoMESAHRTiidK aaﬁé’r'ﬁ?lcﬁlvﬁbpé@@@rlcsl ﬁaﬁﬁa&fi’lllcfb the

cl ock headsdwveetesda t@pl:%ﬁ%ﬂé& Fatd Herhagns dl&%%.ag:%%c% s‘iﬁ?ﬂge whi ch
occurs duri n}? use. US-A-5485322 discloses a nethaod S or witing

is a cldtk TYSERTHNPE B é’?é&é nedAREEE RF &4 fsknats fdoRg ORead of a

hard di sk duaykeind tbnaAgthatt.ern is generated on the storage nmediumwith

the internal recording head and a radial positioning value used in radially
positioning the internal recording head is determned. The zo servo pattern
is witten at thEnIa)chnownsméctﬂﬁdndfemdamﬂal&mmgr Fredddermeginakiiehn and

pattorn' s 4 bead thsknaredei W nash e RS ATy seBshdney oF, Ster o
is a probl dmad(shat thei diwit kwod diarks ntﬁhﬂjmq&haﬁm z2ynard doteand ey
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i skowi 11 orF QORI b (e b it o ARG sk
even very shiag¢| sphusewaidefr equdiey sepaiiteim dahaagmtd d raforeation
cunul ati vel yr RECORE Y8 ¥ YaiI%attern”) onto the disk. The servo track
pattern becomes the master reference which is used by the
30 disk drive during normal operation in order to locate the
tracks and sectors on the disk for data storage and
retrieval.

In order to be able to write the servo tracks onto the
. 35 correct positions on the disk during manufacture of the
disk, in one commonly used process, a (usually temporary)
clock track is written onto the disk to serve as a timing



30 US- A-5448429 discl oses anot her exanple of a Syst eméf Septembend0e4 ock
tracks across a disk in which a witten clock signal is read to provide a
reference VOO writing of the clock signal to a subsequeP@T/GBALITSBS
US- A- 5668679 di scl oses anot her exanpl e ot2 a nmethod of self-servowiting a
disk drive in which a clock track is Septenber 2004 WO 0116p53

PCT/ GB01/ 00787 _3_ written followed by spiral tracks across the disk. The
cl ock traCkr@f@réﬁ@esd)ﬁfﬁﬁgtﬁi‘EE§n€an’ EhésbofvBUpagegh DS and are used

to locate the armof th drive when the serv ormation is witten.
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tracks on i OPSuHTTHE 57 LAk BRe stev el tracks ’a%{labﬁsphﬁﬁﬁtéhlgned pileent

track onsthsespernges nedehnotiibe. Widhere£] Ogke daka be aeagf%{ﬁqagg gg;erat o
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timng signal t he se of the generated clock data f
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clock data vinrtztrtge m&ﬁeknwentotbacms‘s@rté@mmtcbttﬁé éﬁeﬁa'(gnégailéﬁ§equent
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position t aﬂv&dﬂgré@{_#‘%&ﬁéﬁy accurately. To zs save tine, it is

preferred t he sérvo in on in a track be witten alternately with
the clock data in that track, i.e. in any track, a portion of clock data is

witten, that cl n hecock data i,n,the
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signal detected t'hrough the s her e
i s agai n arPSAFERGH JbIBIRS SPRHGERR rﬁlicher%ﬁa%b P@%k‘@domb@g vatueit. In

convent | onals el 0Gke DES Ok ook oflrd QPSR © ERUELIZER USElelh 3SOrVO

track witer during, the acttal witing of the servo §TH a fode in
whi ch t hey %% PhR ibekabive d“%@e¥e¢1%¥%s$o’éh@ddhﬁkt heHpWevedet ect ed

frequency ankphaise.a pichhés MRansat hedis et kak! «lifaﬁ hfnt‘:?@@uce bﬂ%géd at

that last fre and p The anal o phase | ocke s also prone
to drift® a@%t%%%%%ﬁﬁgf%ge?ﬁeﬁ 3 %O?Jooﬁléd%at%% b%’h‘ﬁ?@@ue phase

| ocked | ongredpamtiie i tluelesi Snethordisiol Qudyai @idktherphaseehut al so the
frequency v? ecause, t he | ast det ected frequency

ed in this |ocked po
is in princ %@Lﬁ%tm%ﬁ%vﬁhﬁoﬁ?ggﬁe%hsdf%gf EhafbguRCHRaS et RBcREERI 00ps are
difficult teoremseréry asmybl ephamevxﬁn@hfmén@?keﬁ@ﬁk 15 graceaped froma
ZOo previou anal ogue e _l ocked | oops require
tuning to }%cgfen%ﬂ oper%ﬁ’ﬁg LTS %“E’éaf%rsﬁﬁe stability and control
i ssues 3 such devices. A further problemw th the prior art is that the
only zs connect iya8_ e h t q and.pha e
servo tracks tot?le 2 é gﬁzgngl%%i)o%%q%%g%ﬁég %Q%‘Hé%% of ¢ ﬁyﬁFSB‘k%PFack
wi t h which V{#ﬁs@%l‘-‘r‘@#ﬂéntrasks capross i edbsk i $nbyhiehns wf:.thenaaabcgue
phase | ockefhdiaop iP\ ke RBAES By {4EWEYeALACL NEXE LRBDLY; LiRKCG: N an
g the clock signal to a subsequent track.
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US-A-5668679 discloses another example of a method of
self-servowriting a disk drive in which a clock track is




so phase | ocked loop. This nmakes it difficult to achi &/8epteanbern0@hnent
and frequency coherence, especially at high frequencies. According to a
first aspelP%#6™¥e present invention, 3s there is provi dedPG/FBOHMTISDS
witing~a servo track to a storage nedi um having at | east one clock track
t her eon 6 Septenber 2004 WO 01/ 6p53 P&I+(GEB01100787 -5_ which is used to
control the phase of the servo track witten to the storage nedium the
met hod conpri,sit(ré%t e steps of rotating a_storage nedium.at a rotational
[

frequency FAAHTER ifOdRAuah&Y FRiMaE (TG ACTITFUERR ydL Bt ai BRAg a servo
pat g ern si Q:lflaﬂcdﬁ?‘.\ﬁal&ﬁ: ]farRﬁtﬁIfé ésﬂi:muwxgg Q{waélrﬁibfﬁiﬁéeﬁ&:lﬁséﬁ egyencly;
readi ng a cl,qc rac rom sai d st orage nedi um obtaip a cl ock signa
havi ng a cﬁ: f%ﬁ&é&ﬁseﬁ%ﬁ&%% N LKL fhe h‘é’-%r@%ﬂﬁ%t?’%?ﬂ

si gnal rel ey selxovd N fnagdt Sorgnial waniddwi. t he servo pattern signal is in
phase wth the clock signal; and, witing a servo track in accordance with

the servo pattern signal to the storage nedium is The notor frequency and
the pattern fredmemuyr &He-HaAdy IMN1E nahd reamite dhoelosfies eofewhiegquency.
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Bi ghdf (rje?uared:ilm;l afide gppamated rmmem:xytl e iy il ddie @aea;atoeai emoﬁdigi_ﬁent t
ounded to : 0, 0f. egqual,..f.o e ugnc e not or
frequency t“%gdcl\é@’%/ ﬁ?cﬁ‘g% estf eh c%" 'ﬁ’q'eq LFJ%‘IEC)# éair%g% Jﬁ%&gﬁ} %gg p§§§¥lﬁ? et
typi cal1y witidin detfar axatni dve Stergbr caitock hiatai hs emnbteezstofaf requency
h ' ' t h
Covent 1 on. ey SRR ML A SRSBAENAE, bd 2P e fogkned by a
phase | ocketraogE aahd BrowfEhandaickquatibyck adat & r Equeacyubsbguente i s
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obtained froma crysta ITator. e servo pattern signal
i s preferadlatalirfadaligcmdiaid epresant itzaglk. t HEhel pokssi ghathso that the

servo pfét%fé?e%m 5%&6}?87 5 er g tﬂh% %ﬁe%%%@éck 18 osmpbgyhgr 2004

WO 01/ 6p53 -6 PCT/ B The use o j ustnent overtones all of
t he probl et tEs Fodafiarife htinnpFigmal andsthefphasanafobbe phase | ocked

| oop experigncaehddy (dodt | @it &M for MM RPRIBALLLEEL track is adjusted

in accordance with said comparison. The phase adjusted
clock data for the subsequent track is then written to said

20 subsequent track. In this method and apparatus, it is
again not necessary to provide a dedicated clock read/write
head. As in other proposals of this type, the servo
information is written to the disk using the clock track
data to position the servo information very accurately. To

25 save time, it is preferred that the servo information in a
track be written alternately with the clock data in that
track, i.e. in 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

30 1is written, again appropriately phase aligned with the

previous track, followed by the next portion of clock data,
and so on.

However, there are a number of problems associated
35 with using an analogue phase locked loop in a servo track
writer. For example, analogue phase locked loops are
extremely noise sensitive and the quality of the frequency



advant ages are that the pattern frequency is well defié8epternber2084

absol ute pggfe of the servo pattern signal relative to the reference
frequency Ws#53def i ned. The method may include the step BCT&ROLEIBAG t he
pattern frequency between one of a plurality of discrete io values thereby
to adjust the phase of the servo pattern4signal relative to the clock
signal. Thus, the frequency of the pattern can be well bounded and very

close to t | ed. an copy .scheng, the frequency of the
track bei ngﬁ'\l/é' né),?%% i £°f tlﬁefléifﬁf'ﬁﬁ Epkot ABtErEFRSUEXAFELN -i sIénﬁhere
theref?re dnesanwafeetyonnthbedmekandie}tﬁﬁkcléc&lﬂrh&k E@a&QLEQFEEdI|OOD
is prefera t ase of the.se n S|gna felative
to the c|o§k¥£%§$% ﬁﬁﬁgé ?ac%gﬁ Bﬂﬁgﬁ FS@P@BdIBBE N%V VnEPu
dﬁal ;jm)?u' uhqirmsbmhm alld the anamogﬁara;;gnanr FietebhédStﬁ&oﬁ&hOEBéat' ngl
the dua a si_the.phase, o servo pattern signa
relative to e c oc g%gﬁé%guggé# %YSEP§ EF@Pnkgﬁéﬁannﬁ a2t @Rnat i vel y
bﬁ obt ai nedinfiavduratbesresppasei iy the ph&seemoekﬁdg&abpfQl&Wﬁlﬂ”p|lfhers
t he out put [ ase relat ve to eag
ot her and ?ﬁ%%@iouﬁggﬁgg ﬁ]agﬁ #ﬁgdiﬁﬁg Sc8ffr pg@e REeS: Upesf
adj usti ng tiFe EptﬁﬁeVQ)ftBGCI;awmtervdupangethesagnalalbyrr&dh.ngt bﬁgthée gal n
of at | eastyHRe anpl Lf rthe
an exangm thlsq%ﬁ%%ﬁg gﬁt?eﬂgﬁé %ﬁgrﬁﬁbhaggegdﬁﬁétﬁégt H iBFgﬁger 2004
WO 011 6 S@Qﬁfmqaﬁﬂmﬂbqekedtépsthe besacdebeeuedaﬁtequagcypanatphaset t he
nmet hod at e S g cond t pf. th

By o dégayeenhe mé\egegﬂw Och 20369 18zkeg’ of ER9E, ack to

present invention, OV
a storage %&ﬁﬁnﬁ#ﬁﬁﬂ%@cﬁtan@aﬁhaéﬁe cTbhekanaioguehphase mbckbdliouped to

control thgdhase Hréhe eeraeﬂsﬁa&ﬁd%th&.%nlhachﬂﬁaéaaéa g%uﬁg;&
ern havi ng

nmet hod conpri sing the steps_of gener g
a pattern M fire (ﬂﬂs%ndanﬁégﬂpﬁgPhaéﬁoéﬂckﬁ CROﬁpoﬂisahdtstmndgeenedlun1to

obt ai n g cleaglord aist @ﬁyynmneoctﬁek ﬁaeausaeyalgbgtha' E¥Eaﬂbﬂégl Qﬂeﬁhe

phase of the s (irvo aftern |s si gnal relatlve to t hat
the servo i | LPsked Bﬁ§§ebﬁF@HSFh§h@Iééﬁtsﬁghaptednd WW|t|ng a

servo tracEﬁngﬂnnyCE@Cﬁnwpfhnéhﬁléeﬁ&Q RALWALN $h9Bahehfst PRAEL OF age
medi um zo _As mantlgrz}l_ﬁ%ﬁ use of digital adjustnment overcones all

abov
of the profHRCHE %dgﬁFFﬁét%EOBﬁrPFBuﬂ&ﬁf&§§1§ft@nuéﬁalégae phase

| ocked | ooy ifinoedien bhie gLbek SehckThe BBHALARIACE:BR T equency
coherence and oI %f g g ﬁ%e are seEarate in this aspect of the zs
BFFe 1

i nvent i dh. 95?%%? odi fitiR 1 LghadB2leABReRERSEs LRgkAdalaerSby a
phase IockquumnﬁeﬁmhﬁngeteremEEeféﬁﬂuépérataﬂg Ereadeneyegohgeepge i s

mai nt ai ned 0 net ho se the step of
swit ching t §%é¥% ¢¥e§ﬁ§n89ngﬁ?€eéﬁ53ﬁ§ 8EaéuﬁBnBQVﬁFﬁsof di screte
val ues thereby to adjust the phase of the servo pattern signal relative to
t he cl ock signaIAfurther ‘ ‘ ;
problem with the prior art is that the only
25 connection between the two states, frequency and phase, of
the servo tracks to be written and the frequency and phase
of the clock track with which phase aligonment is to be
achieved is by means of the analogue phase locked loop, but
phase and frequency are inextricably linked in an analocgue
30 phase locked loop. This makes it difficult to achieve

phase alignment and frequency coherence, especially at high
frequencies.

According to a first aspect of the present inventionm,
35 there is provided a method of writing a servo track to a

storage medium having at least one clock track thereon



6 Septenber 2004 WO 01/ 6p53 PCT/ GB01/ 00787 _8 A di gi 6Septesmsier 280&d | oop
may be used to adjust the phase of the servo pattern signal relative to the
cl ock si gr@dordhesdi gital phase | ocked | oop may include a dB@I/GBORYART us
prescal ar, and the nethod may conprise the step of operating the

dual - nodul us prescal ar to adjust the phage of the servo pattern signal
relative to the clock signal. The servo pattern signal may be obtai ned by

the steps io.of passing,the referenc [ tQxt a & he out puts
of whi ch af”gﬂ@gp&rsa e mg% a@@%%lgfi%etgggéheﬁﬁg and

summi ng saig iphase RS R Pabeuediand the method ceyprbspngsthehe step
of adjusting the phase of said servo pattern signal by adjusting the gain

of at | easwtiepsomE:of the anplifiers. According to a third aspect of the

present invention, there is_provided a.nethod,o agsekMantyack to a
storage medi um Heafidft By ?‘eso\g?g%#g @?gégﬁt ?gcﬁ %ﬁgﬁéggﬁﬂ% \%hi ?ﬁ ?s?used to
ccontrol ¢ hgiphase Hfokhei €8 Verbnagkretetreavet drelmeatysage medi um the

met hod conprising the steps of: generating a servo pattern s%gnal havi ng a
pattern frequencptabmingref 8etHeeP3LEREP 59gﬂ§§spﬁglpﬁear BREFERBe zs

signal tot anplifigrs the.qu f ' eparated or shifted in
phase rel atﬁ?@%c@écﬁrg‘f‘haglgn%ggé%ﬂﬁgws%:égu%&? dts, the summed out put

bei ng used to gepesidiRgt RecsoEKOLpaAtkeETom gadld steadigegmedduockotrack from
said storage nediumto sa obtain a clock signal having a clock frequency;

adj usti ng tdtabmse olockesignad paviach SicdRek MEEAYEREY o the cl ock

signal so that the,servo te 6 ]lee[rt%%r Ggrd

PC% GBA+? 00787 s?‘giﬁFEF?gPﬁhShésgsﬁ t°h§eﬁ1e C ggﬁ)o%g\r%ﬁé%adj usting the
gain of at [epstipaetel thiecamelk fsigmnxl aad)that tthey sersey \patbeask in
accordance wth the servo pattern signal to the stqrage pedium 5 As

ment i oned abbywaindisadnwphisise Wit FiF ’EG'Dcfg't-’ai Dyel ow, this all ows
extrenely small phase_adj_ ust t ACAH £V Ag1 B | 1O ration
of the rrét hod ata%%’nﬁi J&hssfe equetfl%alecgé.{ﬁ?o e gal néao 11%1619%\%%1?\?%8 is
preferably digtbahl ¥ignal to the storage medium.
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The motor frequency and the pattern freguency are both
obtained from the same reference freguency. This greatly
facilitates the achievement of frequency coherence between
the clock track on the storage medium and the servo track,

20 especially at high frequencies. The pattern frequency is in
the preferred embodiment bounded to be very ¢lose to or
equal to the reference freguency. The motor frequency
tracks the reference frequency as accurately as possible,
typically within a fraction of a percent. The waintenance

25 of freguency coherence and of phase coherence are separated
in this aspect of the invention. In the preferred
embodiment, phase coherence is maintained by a phase locked
loop and the reference frequency, and frequency coherence
is maintained by the motor speed. The reference frequency

30 is preferably obtained from a crystal oscillator.

The phase of the servo pattern sigmnal is preferably
digitally adjusted relative to the clock signal so that the

servo pattern signal is in phase with the clock signal.



control | abl e. The phase by which the outputs of' the arfhBeptemben2804s
separated or shifted relative to each other is preferably 90 According to a
fourth asp¥@t018f43¥he present invention, there is provi ded aPpHEBOLEOTED
witing a servo track to a 20 storage nedi um having at Least one cl ock
track thereon which is used to control tHe phase of the servo track witten
to the storage nedium the apparatus conprising: a source of a reference

si gnal havimie aidgefer edLgi £ 4B08EENEmMESE ot dEmes 21l toBr tR8gpHoblemause
rotation of the storage nediumat a rotational frequency which is obtained

fromthe r&saQeatdd cglibhciheapasticubaytuse of @l 2phegueophaseanged to
receive the reference frequenc d: fo. t VO t Lgna

havi ng a pgﬁcg?% ﬁ%%e%%@eﬁb?éﬁzﬁgdl#rfoﬁ?tﬁgi?gféef%hcef‘?éeéégﬁgguigg use in
Witing a sRivdhidk £PeSehat StReaget Peeh Ufteqiiéncy s SeelenbeEride@s WO

01/ 67453 PCT/ GB01/ 00787 -10 a phase aQéuster for adjusting the phase of the
servo pait el sitymabzolpbe phpAasef wkBe ServocRatigral ssgnalnsalpEdirea

clock track, o said storag i Ld-p juster is preferably a
di gi tal ph:}s q?}g? us?g?.réﬁ"ﬁ% gFgﬁﬁsﬂ%@%gﬁ%ﬁ} u@%gfn%gy be arranged to
adj ust the phase of the servo pattern signal relative to the clock signa

by switching the pattern frequency_between one of a plurality of discrete
val ues. io0 Sai d Prasectbpdsnay AaglpdeatBegrtaPr pRaswltehkeg EBBp. The

digital ph | | Lpcl dyal | at .. . Sai
dusl - modul B S8 mr SRBpER bbRhaPAole  UE SO REERI BET GF, BiaelBt,
gener at @§. ¥£1Jée @Hﬂéﬁéb??hushaﬁuﬁe)/tﬂét phaski w€l yheopprireephteesnp! i fiers,

a phase separator or_shifter for separating or shifting the outputs of the
anpl i fiers sigphhseetabavevsot sheashoskneionalsuFhae  f BRes EFeAHENEY @%ohase

e e Zeng bR 8o AR BRI OBLLALERT ohB! (ARLRI LAY T g T OF &

| east one o I"frers-ther 0 adjust the phaSe of said servo

pattern sighetendd& &hast ihragqegnek eopyesthemsnythenfiregeenzydedl t2e
nmodul us prescal ar. AccordLn% to,a fifth aspe¢t of the_ present invention,
there i s provaasdbeppdr ¥edstesr i netngdesesBLipgdt Pickhfo PAOMNEgE TRER um

havi ng | east l.ock trac hereon _ao i ' e ontrol the
phase oigthgn nggg?gggé &%Fttgﬁkt%eﬁﬁeogtgﬁggggﬁggPéﬁl@F%%kgpparatus
conpri si ng: 6 Septenber 2004

A digital phase locked loop is preferably used to
adjust the phase of the sefvo pattern signal relative to
the clock signal. The digital-phase locked loop may

20 include a dual-modulus prescalar, and the method may
comprise the step of operating the dual-modulus prescalar
to adjust the phase of the servo pattern signal relative to

the clock signal.

25 The servo pattern signal may altermatively be obtained
by the steps of passing the reference sigmal to two
amplifiers the outputs of which are separated or shifted in
phase relative to each other and summing said outputs, and
the method may couprise the step of adjusting the phase of

30 said servo pattern signal by adjusting the gain of at least
one of the amplifiers. As will be discussed further below,

in an example, this allows extremely small phase adjustment



WD 01/ 67a53 PCTI GBO /00787 -11 a servo pattern signal 6y8apterhber 2004
generatingwg servo pattern signal having a pattern frequency; a clock track
reader forWPdH#7#§ a clock track froma storage medi umto oPECHGBONOWBDCK
signal having a clock s frequency; and, a digital phase adjuster for
digitally adjusting the phase of a said-8ervo pattern signal relative to a
said clock signal so that a said servo pattern signal is in phase with a

sai d cl ock segalto ise Thenpbase, aéliLW:ﬂﬁ? Bpe e B a9HeehkOmsvhbaha@ sai d
pattern frequency, between one of a plurality of discrete values thereby to
adj ust t he YHas 1 Fh LA ¥enrei®8. pattern signal relative to a said clock
signal. is The apparatus may conprise a digital phase | ocked |oop for

adj usting the phase of the servo pattern signal relative to the clock

signal. The di giatomidse tockedetond aBpedindfidend PrabefBdihyanpigacal ar.
.zo The Se““iéﬁgtﬁrn si gpal _generator may conprise two anplifiers, a phase
-separ at ot dt A2 PFOF L AP R e b roE HFit g theseuvputsack thea

anplifiers d [ e r r.for.s Il ng_sai d phase
separ at ed zésebout uten'lsé,ﬂén %gvgiéllqﬁ %%m%%%fe?n$o&€%?u5¥?ﬁﬁ Eﬂg]rﬁa’r‘n of at

| east one ofhidie emiséders ¢brEedy tive ahiard dhecmwhasereb gahdrservo
pattern si%a%:. According to a sixth_aspect of thﬁagresent.invention) 30
there is provitdP dipart LBEeFrISrPedtigna She Vrthed kepopaisingatbenedi um
havi ng atlé%gﬁs(gggclock track thereon which is used to control the phase
of the servo track Witten to the storage nmedi um the apparatus conprising:
6 Septenber 2004ges@rHY HYed58 sdPv@ @A EROMH WidaR ey iRgpat et feshgnal

gener at or %ggyrisin two_anplifiers, a phase separator or shifter for
separating TG nPR%e outputs of the anplifiers in phase relative to

each ot her, a”dﬁﬂﬂc}?@rafﬁoéﬂﬁg&ﬁ&np{?zfc?()%fé’f‘é&éeﬂeéi&n‘{tE’gtS; a

clock track rea reading a clock trac
obtain a clock signal having a clock fregquency;

digitally adjusting the phase of the servo pattern
15 sgignal relative to the clock signal so that the servo
pattern signal is in phase with the clock signal; and,
writing a servo track in accordance with the sexrvo

pattern signal to the storage medium.

20 As mentioned above, the use of digital adjustment
overcomes all of the problems associated with the
particular use of an analogue phase locked loop experienced
in the prior art. The maintenance of frequency coherence
and of phase coherence are separated in this aspect of the

25 invention. 1Ir the preferred embodiment, phase coherence is
maintained by a phase locked locp and a reference

frequency, and frequency coherence is maintained by the
motor speed,

30 The method may comprise the step of switching the
pattern frequency between one of a plurality of discrete
values thereby to adjust the phase of the servo pattern

signal relative to the clock signal.



sai d storage nediumto obtain a clock signal having a €Septeinbeg206dy; and,
a gain coq&{)ﬁy £l for adjusting the gain of at Least io0o one of the
anplifiers Pe45§/ to adjust the phase of a said servo pattBEHCHOYHTBT
relative to a said clock signal so that a said servo pattern signal is in
phase with a said clock signal. is The g&rn of the anplifiers is preferably
digitally controll able. The phase by which the outputs of the phase
shifters or phase splitter are separated or shifted relative to each zo
other is preferably 90 Enbodi nents of the present invention will now be
descri bed by waf* gg-gée@ﬁplléﬂﬁ% hledted sknap tmay hee avsedpboyadiust avhegs, is

whi ch: zs Ej 1 s | ock di agram n_enbodj nent_ of apparat us
accordi ng Egggr?do oﬁ%g%%%e%%&%% B tr?()iu?IgﬁY?otfw? ERepleCh s a
bl ock di agsdmmall.a Sbecidicn tedth osh A8t ik D B S Urﬁ%gcﬁﬂéiiﬁ&%%g% _for

carryi nga_ out the present .invention; 6 Septenber 2004 WO 011
PCT/ GBOY 0898R1us3Priescailas, and dde dekhodnedy acempohsle spiei $tep of

nbodi t i i .out th t
Chvent | on; CBeFRERAEA et RO AAhER: WL SRILT AT THE R Mhase oe
gener at i ngtaed sadjves patg dhe PimsEl ofeldtel RAHESTFhé r €IMERCYibiad he

apparatus of Figure 1; Fig. 5 is a block diagramof a furthef alternative
is circuit for generating and adjusting the phase the pattern frequency in

t he apparatus o I Q. ; i O i | ock. di agr of .a yet further
alternative ci rfgalgt 8 cl):srcégner F) rlﬂr?g&%n lagrjlasfstq?%g&?tﬁ%l%?\‘i e 2 e8RS n i s
frequeney of phesdpgatdtalsreferdgiy & ihnlefay rive dwplifides lpnd here is

shown a general i sed bl ock di agram of an enbodi nent of apparatus 1 according
to and for SBEPREENGEowiFe Fre stenasahashnehif ted nin cobasevretative

provi ded f i r j i,6.hard, disk (not sho to ich
servo inf o?%atglagﬁ ithtegI %%%%%%%@Wé nﬁ%?%?é%‘ﬁ ?Iét%\lg%' vﬂ‘%‘i\ht he
hard di sk theamethblly niay useg®i ssaille sodpad Wdjeshong £10: | peale &?t a
segnents on t,ge di sk accurately and to remain on es track. The spindle

notor 2 nafabe FEFVOoP ifedy WFehdemiiystoingarhe ofain sef var tkeakt
writer 4sn WRLCRst Rgeh sk LS nounted during servo track witing, or
provi deg separ at el yeo%hhlce&'%ge}%édi sk and the servo track witer. ao The
spindle notor 2 is driven wwth a frequency fm The notor frequency fmis
obtained froma verg high reference frequency fo by dividing that reference
frequency fo byR§°P @P@% & @ hirdiasraat P Ahe pregenti Erwentsbt ur t her
bel ow, thet+freguercyfR/i8d r | Ve T very 3s. slightly by an
anount s by passi ngﬁgja/ r%l tél?;oagg tg{cfér)e&/qfuevﬁ%ﬁ?%ﬁv%#%wa %‘%tc]]ﬁ %lﬂjl%/i plies
fa/m by a Baoregeofme@ium davikhmsat fleast fala)dlock Y radibeciefasence

frequeqﬁy &giggyigeused to contrel the phase of the servo track
written to the storage medium, the method comprising the
steps of:
generating a servo pattern signal having a pattern
frequency from a reference signal by passing the reference
25 signal to two amplifiers the outputs of which are separated
or shifted in phase relative to each other and summing said
outputs, the summed output being used to generate the servo
pattern signal; '
reading a clock track from said storage medium to
30 obtain a clock signal having a clock frequency;
adjusting the phase of the servo patterm signal

relative to the clock signal so that the servo pattern
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oscillator in manner well known in itself. A clock track is witten to the
hard di sk WQ 08458 suitabl e arrangenent. For exanple, the cPELGBI1I/AEI8T Ay
be of the conventional type nentioned above in which a separate clock head
is used to wite the clock track onto t+#-disk and is then read back by the
separate clock head. Alternatively, the clock track may be witten by an io
internal redghel ie RendmsRoc AN (d1dde difhTivy sdfeseongathed
“product head") in any of the prior art arrangements nentioned above, or

ot her arr afgéRe@fs afotl easdcigne A1 \chee Ampddetiens eiandi n whi ch a dedi cat ed

.clock head is ngt..prQv de i track.witten on the hard disk is
.read back as thg’tr&’ll%sl%q % %(ﬁfa‘foegk%ﬁ%eﬁ%ra %%%e ovlshdtéla?cﬁ?ﬁﬁocl ock
head or byphkeeptoddiemadlcar Hie HtDHdR anddEiadh back clock frequency signal

f~i. The clock frequency f~I is zo passed to a phase error processor 5
~which wisl | be discussed in nore detail below. A servo pattern having a

pattern frequen i r t rQvi the s ern which is
witten 25 acr o?sé &%@%ﬁ%iﬁoﬁuﬁ(ﬁ% atosne"g'?'ejf %eﬁ%%ﬁu&?%@i ?16 Bpﬁgess. The
pattern frdetaidy Helows atiia neld dwpraitrensine SeiEr e{rﬁ@sér&ag@gem&@ from
which the notor frequency f~ is obtained. As is well known, it is necessary
for the paSteps ﬁ%(ﬁl?er?é{mf?ifﬁ% FeMOWIRES qpardtbeRcpEytBadmphaed at ao the
read back i.gn ~| ..J0 achieve this, the reference frequency fo is
passed to gJe eé]'lai nc?rcefocﬂ'{/eenrcfleer@'or phase adjuster 6 which adjusts the phase
of the ignput reference frequency fo in accordance with an output of the
phase error processor S to provide a correctly phase ss adjusted_pattern
frequency fp whilél® Fife|ef tHhe @ARPiifders i Y pRefegabhy cAigéErsly

i nformation,| it to the hard disk. In practice) it is difficult,to
adj ust theréoln%%g'&aéb r_ée'r 2004 WO 01/6p53 -15 PCT/ GB01/ 00787 phase of a
signal by advancing the signal. Accordingly, as nentioned above, the

frequency fa/minitially obtained to provide the spindle notor frequency is
reduced by a fadis Rhase y which thhe msteputs j of sthaeampbifisksghmey. s

il 5o e o PFAEF YN g el SEARECHS! BUHERRYNY phase

of the pattssyn frequency fa, to acquire the phase of the clock frequency
fci by advancing the pattern frequency (i.e. speeding up the pattern io
frequency) or by acquiring the phase of the clock frequency f~l by
retardi ng the phase,.of; t e { ~€ [

sl owi ng down t he pat%lrﬁrﬁlﬁ%%eﬁ%%%%)%]élééslg?n%i?cg#%dpggég%rgglggg%ﬁfl?bﬁ’
Figure 1. ichedisd ers ipuptiddd gapparatideferi sribing a gemevakiraet ook

di agram of an enbodi nent of the apparatus 1 in which exanples of circuits

for mod?%yiStPHaRE AL UARATEBG R NCYS IS aPRe sRbRARKs ERBREL FERERPR 20
Referring fjiygsdy tost rati f r.kr e I hi s

exanpl e thg}%ﬁgr%nc{%(??qﬁeﬁégef%?i%ﬁ%a 12% 8t %Jﬁ'aE igv?%éygg}grl\%h%h di vi des
t he . ref er el Yresm UuBmcyhdysbotage onedium TheheuspparatusheodipeiiddmeB~ i s
split and a first portion sent to a digital d -converter 2s 40 and a
second portion td PEEERIC i?cﬁ?tgeﬁ'i’?c h%lﬂﬁﬁgngaiﬁ-nﬁhé TEERTOTG Uit 41 is
passed to asdGadndprt or input of the down-converter 40. In a preferred
enbodi nent, the down-converter 40 is a digital dual -nodul us prescal ar which
di vi des2s he i npua drigeentycbytaatasngedotoncanse+iotatdonord g o t he

signal input_to the steal ipput of the dual-nodul us escal,ar ._Jn an
exanl &) n FigFase et af B rRtat IGRALe boRARAIRY MOLh § foobkaided
steal rate S-@h ¢he SbealefbbClrbgddnky;set in one exanple such that 1/1024
-of the frequency input to the down-converter 40 is as passed to the steal

i nput of the down-gexverpabtedn Fhenddwgenematorears@ngedudes ndreindut

frequency b tor_of at all tines, except en a signal .is passed to
the 6 Sep%é .@re pu\gh er:P _

a faf

FHEF - 3pBace guency and to on a servo patt

30 signal having a pattern frequency cbtained from the
reference frequency for use in writing a servo track on

said storage medium; and,



WO 01/ 67353 -16 PCT/ GBQ /00787 steal input, at which té Septéraben2(d4
frequency {YS rgf\(;tl(;]sced by a factor of ntl. Thus, the frequency of the signal
input to t HE3converter is reduced to (approxi mately) 10EI/GRIAOBT t he
i nput value. Referring back briefly to s Figure 1, the notor frequency is
thus reduced by a factor (1 - s) where, _jg.the exanple just discussed with
reference to Figure 2, a = 1/1024. whilst it is believed that a

dual - nodul us pr has.not been_used viously for thi glication,
dual - modul us pr gg@@#% %aéGF%thgﬁEeﬁﬁéélgﬁ%f@%Wq r?%t $8TIUs

(i ncl udi ng gttt gna UntBobel A&UPhS sien g i %a%e?azlt intgy s and
in nmobile (Ef:el | ul ar ﬁl ephones) ang \%\A :el wtg'%tgra;‘ ocf'lgnéraltr)t be escf:ﬁ'én In
further detfiIm ferehocki srrRekepni AgsBadk stormiggumedduma sinilar process is
used to adjust the input reference frequency fo to generate the pattern
frequency fp. A digital down-converter 60, which is also preferably a
digital slual - nodBdis ghieseahdfustkl Ast PQeiéE&b@.ﬁf 0 idie A giﬂ:ﬁ!e

dual - nodul us_ prescal ar_40 for the zo notor frequéncy fm recéives the
reference f%ﬁtﬁémy- f aTR8 dhgikpdt PhAaspoadiustelr may bef ammmmdd eguency fa
i s passed t ' Lt ol i¢ch_has_t same ,steal cycle 5 as the
corr espondia;agﬁ%:slsé %% Céég%éea‘b:f Sggt %sr?f%t BPlggFEaugﬁ@aﬁmr & R of the
steal circuitte Gladn dbgnelebyi wely cBingassed patt i en}? et Wied ©
the steal input of the pattern frequency down-converter . sum ng fuor
the nonent ek fe BHiBR1LEYt RE Pascerief vadliascy fa natches the phase of
the cl ogk frequency f~I as so read back fromthe magnetic disk, then it is
only necessary that the down-converter 60 be held, i.e. no phase adjustnent
forward or backwmits pieheei x@justehenalopl oi digitad RS abag | nstead,

the phase can be held. |n this case, the phase adjuster circuit 6 is
oper at ed on-Q8P HA® &bAdtalnppasei dorked dpordimgint dncdwidecta gals

operated t of s circuyit 61 to _the down-converter
60. The st&#Eﬁr%g‘e%%é%érstegﬁgi ?@%ﬁt‘m H‘élégppé‘-r?ﬁ&a A“%%f%ws - 17
PCT/ GBO1/ 0t Glarits sftthe bertbepagherassignalihgenetalegsircuit 41 of the

notor part, i.e. 1/1024 in the exanple described above. The frequency i nput
to the Hown-converter 60 for generating the pattern frequency fP is thereby

furth d A I in th ti f th
Ciroult that gond e fhosndber OF, BT AR ORRar 0130 dohelrdBe B 0L ) oa”

to 1023/ 102npIifierspesi phasexasopheadescobirbet idhewe £9r0 AFEFEHIGIeW t hat
the phase error processor 5 detects a phase difference between the pattern
frequency O ReagubaBkScPEckher agneéidy emsmishehdisg treladdivecitos2 i s
operated s t CiLcyy N Qv I e Jn.th | RE
node, the %héaégg Oettr%’ péogientgg%? §gga§§@§‘1§é%§1ﬁgﬁgﬁ% %teo Stel?ea‘satecee i nput of
the patser mitmifuen@ndoangatnerbatréQlse that ddiastriegueny daipulos att he
downconverteraegg_.(cjl1 can (gg tenporarily adjusted by a factor of either 0 or
1/512 in t HEBERPHE AesthrpeBPRAELRRS Lheprby ey adinmsthdhemhaseqiency
fp.in the AGRA tiplied by an additional factor of

ei ther 1022/ 102%0%%% ?82@ é?sie{.ghf'rom a val ue above to a val ue bel ow the
spindle notor frequency fmx mm In other words, the phase of the pattern
frequency fP ZSﬁge‘r:\ g: él% advanced rel ative to the clock frequency f~l in
ACQUI RE node (a totTeF LXPAUCREYpRRTFERFETs MY OPTRF 4§99 eheluplrel ati ve
to the g4 o%&gwwsémgg.factor of (1 - s) in the phase adjuster 6) in
HOLD node, or (iii) retarded relative to the clock frequency f~I in ACQU RE
node (a factor of (1 - 2s) in the phase adjuster 35 6)

According to a fifth aspect of the present invention,

there is provided apparatus for writing a servo track to a
storage medium having at least ome clock track thereon
30 which is used to control the phase of the servo track

written to the storage medium, the apparatus comprising:



6 Septenber 2004 WO 01l 67453 -18 PCT/ GB01100787 It wi |6 Septamber@0dded t hat
t he sane fre%uenc fo is used as the basis for generating both the notor
frequency WhO¥a%Bhe pattern frequency fp which means that PEEGRO1/61787
frequency f,~ and the pattern frequency fp are synchronised s with each
other (notw thstanding the different valpyes used for f,~and fP). In this
exanpl e, a high value for the reference Trequency fo is used so that the

not or frequency fmand the patterp frequency fP can each be generated by
di vi si on pr oces&é%e‘?aﬁﬁe%dﬂ?%ftSe?ﬁéaFrBFn%‘aFvﬁgFﬁﬁaF?-Bgr &ti os that

are used t gaghRa QA e frequency fp, the
-not or freqﬁgncy ﬁt}i@?%ﬁ%ﬂ'omr%s%%ﬁ???kgof?ﬁﬁgggyphase

-adj ustnents to thelmtk etxackeneadey f&rcaealitngyarelecRatirank Gpby. aThe
phase shift is effectively achqiaev din the preferred epbodi nent is

descri bed SEGFEISy “ﬁé’t%i?@ PREAHL Rr oL aBk pEEERAL PREGAENRY CBEFleen one of
"three disscrede@nuitiicys] Oy natched values. The difficulties in the prior

art systens nentioned above whi ch use anal ogue phase | ocked | oops are
entirely overcoe digitahephessead]usvent fon digibally addhstdngovhef the

phase error.processqr s_and dual -nmodul us prescalar_60,acts as a digital
phase | ockEFFSoF™ By Wﬁegﬁﬁ%’?e@pgi‘:%ﬁ FOLAR} VBetOr 2t ARG der of

O BGHz, fmenerdeidndhes@redgit of é@@drlzséwof?aeeérr 1GRY1Pgs0fnt he order
of 1 OOVHz. 25 The dual nodul us prescalars nentioned above as exanpl es of

t he down- cohrese Mishvan $pidfchogkssigmble form and may for exanpl e be
constructed fromdiscrete logic circuits or as an ASIC (application

speci fit | ntegrated ao circuit), optionally in conmbination with other

di gital conponentife ihide e b8NeQf ugl ul us
prescalars wll be grai gh??%?ﬁgégs?%i’twﬁgsggg%iﬁ?}agdtiensiﬂﬁgcgrta 3g§§uch
devi ces an®atih@at direqueney coetveent ooa afdaopénaaldhywoEl distrbee

described in.further detail 3s_.heregi Sept enber 2Q04 WO 011 67:153 -19
PT GBOT) 0GRS, EHeEThe 19 cads FahoEhenphRSE  BE: 8 ARAG EREVpaPRERACS
frequency ffigaad theLawiee toequsacy Erobkogugnhglerence frequency fo is

i ndi cated schematically in Figure 3. In this &xanple, a relatively | ow
value i¥ used for the s frequency of the reference frequency fo and that
reference frequency is passed to a first fractional-n divider 4 acting as
the frequency cglﬂ}/eraf%ﬁ’gﬁa%ﬁ ﬁ?gv?‘aﬁnﬂﬁl?ﬁeanﬂ?@ﬁ?‘?‘e&ﬂ@ﬁ@yipﬁ'?‘ﬁadaﬁp oto

a second friat izaplsthigly veHer pRadet bRgLAs LRevhr gaueeeﬁ gagyanter 6 for
providing the io pattern frequency fp. The detailed operation of the

circuits shedtsictenaeithel gloakFEignals wrhe Bégibkl phdeesflocitely t hose
skilled int 0 cirguits i.ch _are in_thensel ves known from
ot her fiel c}sorb% gﬁ%a‘f‘%‘gf\ia? Bx Hﬁ#émgaﬂﬁ'ﬁa BFPES ﬁ‘?ri'n satellite broadcast

is receiyvers and in nobile (cellular) tel ephones) and will not be descri bed
in detail. Briefly, a digital mxer 65 receives a phase error signal from
the phase error Bi®c8E¥e Bahharpasignadngeoeratort sdyogopprise &wdi git al

adder 66, t 4 d guiput bein gportional..to wnity) (1 -.1/s) or (1
- 2/s) accoalr?%]'nlg@/ J(faéoé%\he%héﬁg?ﬁegﬁﬁggg{% PﬁeSgé‘;ttg?:n%PFeéE?%a?‘tflggnéEds to
be advancedhifdih®rthet endpdreebat tne keapligiekasenobhllke edakitkeawency
f~l. The digital adder 66 zs provides an output and an inverted output to a

D-1egi st er BERMAERLE! 5B PEEREFeSOrheumpiage seddf PagsensepRsasedan i nput

cl ock sign irs ut put . af i r 64.1.S :pas t Q .an_anal ogue
Phase | okt TR el Bhdhif shHErBY R Bo¥ adiurk iRt R Relcohod
order to 3d.emsdiqmy dBetheegmplifiegecithedebly o HAGust tard phdsked s or
the pattern frequency fp. A second, inverted output of the D-register 67 is
passed backEa¥F t$REEP gPREFeEBIEAIBBL - The out put of the D-register 67 is
therefore the reference frequency fa but retarded or advanced in phase if
required. 35 Simlarly, the notor frequency f~ is obtained froma simlar
arrangenent in vikkccbtréhegf tacti gixthn adipdaterof the present invention,

30 there is provided apparatus for writing a servo track to a
storage medium having at least one clock track thereon
which is used to control the phase of the serve track

written to the storage medium, the apparatus comprising:



6 Septenber 2004 -20 receives a signal ' proportional td Sapterhbsey 2864an

i nput so that e.reference frequency fo is reduced by a snall anount as
t he exanpl‘gacl]el}sﬁg%sbed with reference to Figure 2. It wll bECTGHIPHET
there are frequency dividers 30,31 in the 5 circuit for' the notor
frequency fmin order to obtain the apprpjriate |evel for the notor
frequency. Further, if the anal ogue phase | ocked | oop 68 for the pattern

frequency fp is pfgd fpactbppals P Jhgg? | s HUt wer :
frequency anal ogue pﬁ%eﬁﬁo%igﬁ %‘36%%5%75?1# pre %rgﬁi%*%%l% 05{” ed to obtain
the notor fampilifisrs ~ a phasenseparatortde skbfpte Stowseparktingeos, the
sane frequeﬁrﬁ:#]fo i s used as the gasi s for_geperatjng both the notor

frequency f e Ah DR PUFRUES efichRS 2pliiierd 7 RBaPRcHBEAE|VRNEPS
| owered sli Ve h 1 hHS t e ncy fp
can be by r%ga%d%t?%%\'sa%rrl\ yf4 ntlﬁaﬁgé%iégl aﬁ%le%%%?lgggeéuégag%ggggj ust
t he phase autpuwtgattern frequency (it bei ng understood that the anal ogue

phase | ocked | oops 68,47 are 20 provided only, as frequency multipliers).
Whi | st the fract? dmPSh HF%F]Ge;F%g@F,’B fe® %?ﬁfgﬁl%sa oﬁ!%%@étéraggi Eremrcuits

in the drawW\os stdeyqdByeadghe vi defl, Qﬂﬁ > Ln_t ior
art systens in which % se%ar at eegl‘gﬁgﬁga% 'S %I?ow e &ﬁ?%gngl \%/aggcfgféads a
dedi cat ed dmsguencick awdi ng servo track witing, and also in those prior
art systenms in which, the serv eperated froma 30 previously

g gltrﬁgks areg

witten servo t rad@iRhePBELPeleBnk?T el pscingicele Wprimt A€ aRalB88E phase
| ocked {popyd dPe-pui f{Eibssh i Emtﬁﬁ ' servo
tracks are actually vvrﬁl?en te%gugégf%%?%%&ﬁgs ot e?aéll%gg é?gﬁa%gggn t he
di sk wi th vigxo thet pées es dnaberskavbve riacka 36abdi obowki signatasobe
conpared a ligned, or to |limt frequency, changes when the servo tracks
are being \r}v'(rj‘ﬁa‘i e%sajngﬁﬂgovﬁ?ﬁié?nauﬂ-%g}h%sa RP25R| VLR 8f SBRE servo

6 Sept enbers2H04 167153 -21 PCTI GBOLI 00787 tracks in sone systens,
there will be times when the phase | ocked | oop is necessarily |ocked at the
| ast detected frequency and phase. This will also apply to certain
applications of jhe present jpvention.,For exanple, s referring_.to Figure
2, the tgital p*ﬁ%eg?b%kgg {:gﬁpa%pghfé%ﬁv’e?ygg?g%%fdyb 19%3&&5{1 - nodul es
prescal ar G pi@seeerror processor 5 can be held in a | ocked node
during the actual witing of the servo pattern. This corresponds to the
digital switch 62 being switched to the "HOLD* in io Figure 2. However, in
this condition, the dual-nmpdul es prescalar 60 is_.still eratedq so that the
i nst ant aneous frtﬁ%eﬂd}aﬁs?ggﬁf'eﬁﬁﬁgﬁ Eé?iBHFE%F?yO’EfoFeeRﬁ fes %éFFrJ‘? in
1024 cycl edr t}ea €OYsPRLABbEYake gapatatbe &isknspeed ¥=ThPivENkd EBARS
that there are occasional pulses in the servo is pattern which are [onger

t han t h2o otfeReT bis aprafeuablyqBaf -t o the step size achieved by the

dual - nodul es prescalar 60 (which may for exanple be 0.5 ns). This is
effectively a source of fitter in a signal which is otherw se very stable
and whi ch can caE@So@ifeheasodt theghréseatensiestibhl #OI% now be

described by way' of example with reference to the

accompanying drawings, in which:

25
Fig. 1 is generalised block diagram of an embodiment
of apparatus according to and for carrying out the present
invention;
30 Fig. 2 is a block diagram of a specific embodiment of

apparatus according to and for carrying out the present
invention;



20 circunstances, therefore, it is desirable to obtainéSeptemter2004
frequency fP fronfthe reference frequency fo digitally in a manner other
than by a YA Bsuch as the dual - nodul es prescal ar 60 des ECTKEN146WTe)
whi ch instantaneously or tenporarily varies the frequency even in 2s the
HOLD node. An exanple of an alternative_gircuit for the phase adjuster 6
whi ch can produce a fitter-free or substantially fitter-free pattern
frequency when required (for exanple 3o during tines when the phase
adjuster 6 is | o€ked 8nis aKhEDnhdéldgraMgoﬁeavsecoadksmedmﬁng i's shown

schemat i cal {ypbdiddur §£4 t c S O 1S
input to a 4m?P * 5?% ﬁf aPéggé?P§|3§§§525?3r9§05§§ % %a%&ﬁq%§n Af bi t
barrel shifEke qusq%FnléHﬁﬁthQFvon of the ss paraIIeI-to serial converter
70 and the barrel shifter 71 effectively operates as a divide-by-four

circuit so that the output frequency fl fromthe parallel-to-serial . 6
‘Sept embef 2004 Vi394|873532- bropkTAtRgrAR09E 7aBoRdkbetaRAtIYS siycmisf t he

i nput ref ergpgegéniepuenay hAa HQYR¥EL 'Ehée 8€pk0 or a
retard co a?romt he gpase er?gr p?ocesso Ras othgﬁ%a§Q§%% |fter 71,

t he combi na ??ﬂp%ﬁth%np 3IFBPEFGtgérPEIFEEHVQr@er 70 and s barrel shifter
71 can inplenent a single d|V|de by-three or di vi de- by five cycle
respectively. n%othe wor ds 8IrCUIt sho%m gure 4 can

sel ectively advaht®- a dlﬁePaPaoF eddpghar phade FﬁtﬁﬁﬁeﬁlﬁﬁﬁﬁaFﬁeephase of

the patter nciremﬂenﬂyrfgeﬁaﬁabengdanat gdjtuot 8hhyBhw bhaklke tHOPati@ 8 gnal
read back fromthe di uster of Figure 47is locked in

h dj 6
its HO rD nbHEd %ﬁgﬁnﬁﬂ BﬁgrEPBFHaE aseﬁggaggrﬁhé ib8PFel shifter 71 can be

inhibited so that the pattern frequency f8 ultimately produced is entirely
free of fitter. t sh ul.d be d,that any_shifts L.s nted by the
barrel shifter 71*%to |ﬁﬁ|8ﬂ£ﬂ E GFéﬁaEmbégtﬁrXQEoﬁu§thr &giﬁqu S er
back to thectirvuilebfotogeherakéngl and befjueeingoateepnake Itlhet Rttern
parallel-togﬁééﬁénﬁfn ﬁrhgr 70 sucg tha% po sharR transitions or glitches
ake pléé eé e ? 88?55? Bs © y tHB %0 parall el -to-seria
converter 70. The frequency f,, which is output by the parallel-toserial
converter 70 ca e 0] ry nmount
converter, 70 cafe e SLERRCRoUR. .ot Lot o6keLRo Il o kel Aot
reference fbbqun@yagvamlnfoadeembodnmdnteofheppamanumrﬁiemcnrdanguﬁocan
be achi evedyg £6£008-08 34! Bl ! n8°h LBLefRNYRLEAE 168 © %bs‘;, deed whi ch

recei ves the I nverte ence enc as 1ts and whi ch
di vi des 20hamoteEqRieh8yPpvided gerTheusmngurOtatebntbé aemmmnetlc hard

parall el -t ogseki @ho€OBUBLAE é%acna%é%@o%mo@st%&zp% g iggem the Tirst

paral | el -toserial converter to _an excl usive- i's reduces the
i ni num st epriEEant hafheafepyoadniovmation g @ﬁ@drwh@nsm&ﬁlhamﬁﬂbmﬁput f3

fromthe exghugivgaPRyIaHELER, teneaaehegaereawwpa%% fuéatdf J‘io@té?e

provi ded after the exclusive-oR 8 articu ter out
Sept enber 288%3\WPETEBES3ORCEAEE }FBO?SSzurﬂgeuﬁfwéﬁfﬂe&Ohmn:@Ih'nd

t heref oze tergtRi M @ﬁeaaplaaqb &@E@%k 20h'1E9'Ubef phker of0 PHRddemwery
snoot h pattern %ﬁgﬁuen%y ! practical exanple, a mninmum step size of
ed® PPFQMQﬂ

0.3as can bBS§E ab§e§HBr§§FQFeHrﬂEﬁ?tH%aWﬁ#QhuqhQﬁh¢¥%ure
4 can be i nglieRebsemountad AGkEnas s\éQ'krb agalk WRARInR, tdie hsergd® |ogic

circuits 70,72 usi at nd han ass filter 4 shown in

i gure 4. | SePAFRRELYeRmhes %éfr%a Sty g@peeavtos R g a

fitter- free or substantrally fitter-free pattern frequency when requrred

o gnal S9ur ce B0 BEoPPAEd e B EeRe Ao iR SFAYSHO ALY 6 AR o 1 1

thi's descri poton, frequesicyr dacésf obyained fnomsacvasydhﬁg& &@fheemcﬁ ne

wave a. sini L,S &1 gpalysl S o] splLitter 81 whi ch

"provi des tmgr%gPsﬁggsg@pg?a?égiggﬂéhgggﬁbygggggﬁﬁgsg Fﬂ%sgﬁwb5§Qb§r§

t herefore bfercnem pfamd by, @ostimidenwior e Aiss wididebal il srubs sedefuticher

cifferent. aess. | Wneostaltihe RFR060 L9LERRRREY ! YEQHUMY Y 010 o

35 slightly by an amount g by passing f£,/m through a fregquency

converter 4 which multiplies f,/m by a factor of (1 - g).
Thus, fm = (£,/m) (1 - ¢). The reference frequency f, may be



as anplifier 82 is xb.sin(w) where x is the gain of té8eptember@08040l | ed
anplifier 82 and the output fromthe second controlled amplifier 83 is

yc. cos(mt ) WMHU/6E433 i s the gain of the second control | ed anpPCTiEROI®EI8TThese
two outputs are summed in a sunmng junction 84. The output of the sunmm ng
30 junction 84 is therefore fp = xb.sin(y) + yc.cos(w) which can be
rewwitten as fy = g.sin(a~t+~) where the anplitude g = ( (xb) 2 + (yc)')
1/~ and the phase angle ~ =tan:'" (Yc/xb) . It will be seen therefore that
the circui tobofafngdirBromcancpystalleogcpallaept Hnedqueenmr fwelaknkg-dt He sane
frequency \(l:ag.fasjoéls the reference frequency fo but with a phase that can be
varied at Feb2t ween practically any desired value sinply by varying the
gain b,c of the first and second controlled 6 Septenber 2004 WD 01167J53
-24 PCTI GBOL/ 00787 ifrer 2,83, Lt _will be recj.ated that it is
desirable to keelg ?%g@én%%"g?gd Sgw’:"lf%?ﬁ) §°+t?’§?c%?1§g‘n B2y 1t owill
further $e sppraiclataxrahgemehe.fr Equeesampleputthey dlveks WYACK) Waindld on
can be multipl, LVi reguit B l_ter ; e added to renove
any undesi r% ItEel(f a(?ér%ﬁlé%gggﬁgi gg'?eaﬁl%zg?lgﬁefihgtb&vfecﬁ .Wt}’lﬂ'rczhL?ency
dependent esepaxatéatlocghheadi de usethéophadi¢esmite erloadk daradke onto

! f [ d | |
ool 11 or o Y o3P0 CRRCLE, £ORL Peal phidk bl EndWARSERE SORK B o (e
circuit shdwhtéwatyvedys. thhecdorhutracinaryt de nomttes dgnalarsource 90 is
sent to,{wo; oo | ?Qa&m hfLe 5?3.31 a3%ociaf e@;’ LAY 91%{%2{561:% ceHE%]lgl (s

anplifiers are sent to I's respective phase shifters 93 phase
shifters 93304catied et prodyriehgads)dinf emanod sthe muiomwguts, the

QULPULS 203k frDRbifleHETRENLEcRAIBAG | O LMD urihddhddis SRR ©

shown in Figure B, appropriaie control df the gain .

amplifiers @R?@th‘ll#gak' nRBLpRRSE bﬁrﬁént:hénsl"&ialh fap drfinatasdy allacksunmi ng
junction 95,494 besVestegratriild,. | n each of the exanples shown in Figures
5 and 6, the only Iimtation on the m ninum step size that can be zs

achi eved3for the phase shift is the degree to which the gain of the

control l ed anplifherge188k88rAtikI4raat che oraitied ndv gy SE Ihddyre
steps of for exgnpée LI ogs can be gchl eved) Wiich allows the frequency used
® baRterAkt d

for the ser¥ bEOFAEEEL JERENRTa Y MR RHOH A HedidE 9% the ao

prijor' art. tDoSMNMABAY, oirNbih e heb P JdRice Med ) e B rBfide & b Qdink et hod
and appar at

us for_.a rotating,storage nedium uses, a_.single reference
frequency f?iﬂ?ghFEﬁqﬁsPﬁYt %é‘gﬁ’élp%ﬁ er nt 4§ e‘%ﬁ%ﬁ%yfﬁ?qﬁﬁécgefﬁ/ﬁo 1Sattern
signal and phesedt bdi anphabeeguensy prfoddiscyt @ ageidiedilln He diesdvnshd 6
Sept enber 2004 V\P Oé/ E75§_ -23 PCTI GB01/ 00787 During the servo track witing
process, a tholR*Er aekt P& &% rom the storage nediumto obtain a clock
signal having a clock frequency, and the phase of the servo pattern signal

pattern o gnal | PEEYRebEtRERY BaY R A h e Bredteidh Sefern ofgnal
~generat or pgeherabed Ercpodes dent henpdxfie st e phaskel depis atoitoen shifter
o7 sepae hedogt PRl budh WIs ey dhd AR LLIGH Sk ppgse el ve
The gai n of papcess. The pattern frequency f; is obtained from the same
reference frequency f, from which the motor frequency £, is
obtained. As is well known, it is necessary for the
pattern frequency £, to have the same frequency and phase as
30 the read back clock signal f.;. To achieve this, the
reference frequency £, is passed to a frequency converter or
phase adjuster 6 which adjusts the phase of the input
reference frequency f, in accordance with an output of the
phase error processor 5 to provide a correctly phase-
35 adjusted pattern frequency £, which is held through the
period during which servo information is written to the
hard disk. 1In practice, it is difficult to adjust the

o



| east one of the anplifiers is adjusted to adjust the fiSepteoibar200rvo
pattern signal relative to clock signal. Enbodi nents of the present

i nventi on NRLIPEE] described with particular reference to t RETEGEBHMENEE i s
illustrated. However, it will be appreciated that variations and

modi fications may be made to the exanpl eggdescribed within the scope of the
present invention. Reference is made to copendi ng patent application zo
nunbers (1) and (z) each entitled "METHOD AND APPARATUS FOR WRI TI NG CLOCK
DATA TO A PEREOIED eiynel byeadsaneinghible sdignalnedAryotriddnedner agf t he

herein by riqftiesls SBGvbcARl eEeaRRRETTeR/ R iLER RLCabRAERERT &GS i g
a servo trd%mOTtﬂ%.%h%ragbndéalmntbavfmgqa&nbgass reduciedc byt maclactber eon
which is uspfl 103]5 ca_orgr Olaéhﬁoegfsf’ % %j}gw gr‘\;gat,rg;ggﬁ%#tten to the

storage nedi um. met h conprisingt eps Xg a storage
medi um a$ vamﬁsp@mlngquuam hehpbBsies adjuaitesd 61 r tinea refereanee

frequency; v S 19 pat{ern.1 ency
fromsaid rfﬁ%nc%@fges%n@ufﬂ%ad% ég rh%}f écﬁlf r oé s‘%i- d tof%g
medi umto G a??ﬂ‘hl’éqﬁ@ckoshgiél thavphgsa @Ifod;hef peqltiem‘cly fr@dﬂuasxtyng f he

phase of the Sebxira!{ReNphhgaaber ehi! bIBeko slnehack ] Gvséﬁp RYafdlet ! N

t he phase of the 15 reference frequency rom em1%ﬁgnal

i s obt ai nedFi® RHEte¥PheLTRAVEDEA ér B -sSPREALNG L ﬁh&s@amtﬁmnthe cl ock

si gnal ; 1@nde dn aoBeh 0 e t r n

si gnal %o g;rggﬁorggg nmed |¥ﬁﬁhga§%lh§ ﬁﬁ% bﬂQE%CS?'Fﬁe ?gog a?%?%ﬁg%ﬁg ein
clt

the phase s §§ Foddac &he ahaas qfs t&%lﬂ%ﬂﬁ% Iﬁ-‘ﬁ%ﬂi’lcﬁél%u(v-eeto t he

clock si gnatb swerh;b@faﬁrysgwmﬁgt aswa £heNphti&rhn £ }he?gl ock
signal _ A nmet hod accord ?Bto clai,m 27 conprisin he st@p 0

SMAtChIng t+ﬁ§1ﬁﬁ?% nS?P%GGEHEQ ¥t wBe 1GHESOL -a pIurallty of discrete

val ues thereby to adjust the phase of the servo

15 Referring to Figure 2, there is shown a generalised
block diagram of an embodiment of the apparatus 1 in which
examples of circuits for modifying the reference frequency
f, are shown schematically.

20 Referring first to the generation of the motor
frequency £,, in this example the reference frequency £, is
passed to a divider 3' which divides the reference
frequency by a factor my,. The output of the divider 3' is
split and a first portion sent to a digital down-converter

25 40 and a second portion to a steal circuit 41. The cutput
of the steal circuit 41 is passed to a steal port or imput
of the down-converter 40. In a preferred embodiment, the
down-converter 40 is a digital dual-modulus prescaiar which
divides the input frequency by a factor of n or n+l

30 according to the signal input to the steal input of the
dual-modulus prescalar 40. In an example, n may be 8 or
12, with n+l correspondingly being 9 or 13. The steal rate
S of the steal circuit 41 is set in one example such that
1/1024 of the frequency input to the down-converter 40 is

35 passed to the steal input of the down-converter 40. The
down-converter 40 reduces the input frequency by a factor
of n at all times except when a signal is passed to the



pattern signal relative to the clock signal. 30 9. A r&eSeptembepdd4g to
claim2 or_claim3, \Werein a digital phase |ocked loop is used to adjust
the phase WP 4d4Bervo pattern signal relative to the cl ockPETIGRILI07876
Sept enber 2004 -27 5. A method according to claim4, wherein the digital
phase | ocked | oop includes a dual - nodul us prescal ar, and conprising the
step of operating the dual -nmodul us prestdfar 5 to adjust the phase of the
servo pattern signal reI atlve to the clock signal. 6. A nethod according to

f clai ton bt th
S ape of 1+ e (AL WA AL 1ORO AR, BHORRERLY 881 Phfificed) |
two anpl i f |]¥¥satﬁﬂé=%%¥p9fsnﬂ- Wnil‘bhsarbheeﬁnequencwoﬁhtheedlgnamhase
relative tojgaoh 4 ea&S‘gﬁUEBhGQrEé‘i:d:.Q”fé’&ﬁé ag&g@%bﬁ%ﬂgﬁgﬁ step of

adj usting the ase sald servo pattern S|g |n of
at’ least 15 24 h‘éfaﬁbﬁl inpus. vzlua. neRéy drninmrbachgbm.eéiyotbr ack to

a storage h_-,_aw a S Ckat h ed to
control the f ﬁﬁg ﬁs“é{r:ég' F}:ggﬁEﬁ&?tksenﬁ?%gtﬁggg‘?géa%g gofhggggm t he
met hod conptd si WRE LR epkt o he RFANRIES et wqmd sﬂrth;l:g&ﬁereaueng a
pattern fre:sw :féogn ag refeyepse. f nAgUanCYie 1 ék{ Qﬁlga grack from
ock frequency; 2s

said stora "’[i io obtain a clock S|€nal haV| n
digitally gﬁ} ‘t“??i%} B8 PREEE24RTt Ras sk ob%%’&lt'é$ﬁ spgwaiouelmfoe to the
cl ock signahiw Eqiblt‘b‘éaﬂﬂoﬁhedﬁB%ﬁo@nﬁlﬁE%f@é@éfﬂf@ A £E0LENCY QY }Qfg' ch

t he servo pa#;le nal obt gg w? he servo pattern signal is in
phase Th¥% s?‘ﬂna hezn 1e %F‘F%’@dhngef‘% ?*%Rlent‘d@é—@gdance _
With the serMrciintd etm sageslite bhEastQs@ILcERITER and fﬁp@a g 2004

28 8. A or r|S|n t he ste svmtchlngthe
pattern frg&@g%f V\g%ﬂggﬁ‘énﬁﬁ? a’b‘gu‘f”af V‘%?eg‘i’%%r%@’é hal descrabedby to
adj ust t he ishabertiiet h@esgi¥onhpatigrn signal relative to the clock signal.

5 9. A nethod according to claim7 or claim8, wherein a digital phase
| ocked | oop is used to adjust the phase of the servo pattern signal

rel ati vesto t he Rdfbakrihgnhhckl8ol1Bigérse: hos Qﬁﬁﬁlﬂrr@ré@e§baﬁ.§1 fsedherein
e o) O alsgesndeckad Lagge pebyIERCR FUBkmndy ke L SER el
phase of tiretEewy fmeqeencyi fpal & eligtited tdowhaalvek et gml whic1lisA
s obtai ned by e ey Laz®y 4 8L REL Bt HURRENE, hSe SRIRT BEbRCh sheT ence
frequency tIRUAEJIBPT thSdLgetelut puss-néduhie hpaescabpar 40 efdoor the
shifted;d n phase £24QhbYEy! 8, ear SRS And ST Ag. $ af):dequenc:y £, as

an input. A portion of the reference frequency £, is passed

Lo a steal circuit 61 which has the same steal cycle S as

the corresponding circuit 241 used for the motor frequency

fn. The output of the steal circuit 61 can be selectively

25 passed via a digital switch 62 to the steal input of the
pattern frequency down-converter &0.

Assuming for the moment that the phase of the pattern

frequency £, matches the phase of the clock frequency f., as

30 read back from the magnetic disk, then it is only necessary
that the down-converter 60 be held, i.e. no phase
adjustment forward or backwards relative to the clock
signal is required and, instead, the phase can be held. 1In
this case, the phase adjuster cixcuit 6 is operated on

35 "HOLD" mode. In particular, the digital switch 62 is
operated to pass the output of the steal circuit 61 to the
down-converter 60. The steal rate § of the steal circuit



phase separated outputs, and conprising the step of adj Septerpben@0pdase of
said servo pattern signal by adjusting the gain of at |east one of the

anpl i fiersWOX3/67483 A nethod of witing a servo track to a sPOT/&Pe1/0e8T um
havi ng at | east one clock track thereon which is used to control the phase
of the servo track witten to the storage nmedium the nmethod conprising the
steps of: generating a servo pattern sit &l havi ng a pattern 3o frequency
froma reference signal by passing the reference signal to two anplifiers

t he out put fi yvhd e a 0% o SEhLEt [ S84 [ h
ot her and gsuir)rr%ér,\wgﬁésg;l%éebé gg%t %ﬁggrégogél{‘-%eo%%%%tfs?l%ﬁ{éﬁéuﬁmégogﬁgut

bei ng used BREPeRAEE e 1he. sd/¥B2palk ckle sexpmple rdasicngbadchboket.r ack from
.sai d st or aggdregh bt ah+argl ' ' I 5
20 usting Che Peefef i EFVEBE??&?%‘“‘E?% +EP o0 P8 bRENMRTISS

signal so tT1hf BHE LR VETBEUERFN 55 grmltherehy phfashanh reducedchysi gnal

by adj usi i ngkddelPaine Obamk %Qé?ér@ﬂ@noisti‘& el pbireisn 8edenwriting a
servo track jn accordance with The servo 1o Eﬁttern signa] to the storage

medi um 13.CHETRAhIPAe IPRRRBEES ERRI HPEOT HRRTLEHCY hin ghi®- BV tde
anplifiers factbgidfldyL L0084 otd abd 23 /14l 4in AHEtdpuk BELOr Skaipla claim 12
or claim 13, wherein the phase by which the outputs of the anplifiers are
separat ed otSSFFHR E?‘]%‘ngi've to each other is 90 15. Apparatus for witing
a servo track to a storage 20 nedi um having at |east one clock track

t hereon_which is, used.to contgﬁl tEe ptﬁse of the servo track \gitten to
the stothge medi®ii PRI PRYr SREE EBFPPRRFRCTIOS RFCEESFOR Pefererts

signal haviagphkasefditherchceqbetwgen2bha patversi feeqhentyafigesndt eheause
ngl c

rotation of_th ra di.um_at _a retational,,fr ency, i .S obtained
fromthe rel?eéaf'cgrg%&?rggﬂgﬁc§fcegu§’é?¥ogﬁat fk-gﬁndéﬁ ﬁg 6@%’ ar¥ anged to
recei ve t heopefarahcaofthgbebhy abdctbt ocapuhode sesVOAPQUIREN @0Bdei.gnal

eV 19,% Pk e A sgeneynBlla BB BAREL! Dero Sr0ssLLogUBEK L0l uee

1s signal to the steal input of the pattern fregquency down-
converter 60 so that the frequency input to the down-
converter 60 can be temporarily adjusted by a factor of
either 0 or 1/512 in the example described herein. In this
way, the pattern frequency £, in the ACQUIRE mode can be

20 multiplied by an additional factor of either 1022/1024 or
1024/1024, i.e. from a value above to a value below the

spindle motor frequency fn X Wn.

In other words, the phase of the pattern frequency £,
25 can be:

(1) advanced relative to the clock frequency fo in
ACQUIRE mode {a factor of 1 in the phase adjuster 6)

30 {1i) held relative to the clock frequency f£. (a factor
of {1 - g) in the phase adjuster &) in HOLD mode, or

(iii) retarded relative to the clock frequency fq in
ACQUIRE mode (a factor of (1 - 2¢) in the phase adjuster
35 6).



6 Sept enber 2004 -30 a phase adj uster for adjusting t6Septerber 2004 sérvo :
pattern si be in phase with a clock signal obtained froma cloc

track on ‘ggg'r”a;s’?orage medi um by adjusting the phase of thEC T’@IB@F@W%
frequency fromwhich the servo 5 pattern signal is obtained. 16. Apparatus
according to claim15, wherein said phask8adjuster is a digital phase _
adjuster. 1o 17. Apparatus according to claim 16, wherein the digital phase

dj ust [ ust th S e servo_pattern signal
?e{gfiS; Lg ?L; d%kiﬁ gﬁpﬁﬁﬁﬁ£%£%ﬁ'ﬁﬁ {hEHEaF?@?nfgﬁgaﬁéﬁgy Be%ﬁeen one
of a pluraliged @s ohlsasrlmaalavawaQeﬂéré.Bmgpbaght the ameakgi Iflg-e ), 16

I 17 yusger ,is..a a o] oop.

To. *nppar acthd SHE TG { e Ry “brantior it Fodr 58 Eama%cked

| | udEequaticy codiL q:ata:l mmaﬁ s:m:cs;mh dised ai m
18?pv\,;12(r: 1 p aﬂ%@iﬁﬁj 1}1 f&?fmn %‘ﬁ £ rt Oft thmgaervo %attern
si gnal gener or é%mﬁ%ré? us a@%%$ ﬁg ﬁ%ngﬁgfﬁng or 2cMEPMUES!
wher ei n t hefhefweand] Gk er mmplnlsesxamplanpal hﬁ.ghsva&uphés;r thear at OL or

hifter for, n tput ase
fe: ative to eacﬁ otéh n‘{{ﬂaf g?%ré&sju%jn%%a%ﬂggpﬁggéfsggéﬁéﬁ Jfo
out puts, arfeh angath%wmnnerfnaqueaxqmsﬁg fgnt lkaciabe gfenaratsabtbone of

h lif d e | | .
6 Sept bnber a0 iy 5des dlodd? PEATsaficton LS FHY RALECHI LAY

wher ei n18 herdtiag tﬂﬁé‘qﬁ%yu%%@v@t@re%'éﬁpthGe@C’&OEuﬁrem@@Ws fprasdal ar. 5

23. t f t t i 5m J v | east
o apPal i et Sk gupgey o) Al R0 £E ARy I DR I |
track writtkavered nel kakl hjeseetinaim al hephpgar atiﬂgsﬁmﬁp-ttlssﬂ:@gthﬁo a servo
pattern signal t&&ﬂeffé@ﬁeﬁ@%/erertea&?‘tﬂé"% :?é’éé’flﬂé’@icf(x?”ac gnal Tﬂévﬁaﬂgsé‘

pattern frequency, froma re nce frequency a r eader
reading a c& tis&iieehively achieved in”the preferred embodiment

15 described above by switching the generated pattern
frequency between one of three discrete but closely matched
values. The difficulties in the prior art systems
mentioned above which use analogue phase locked loops are
entirely overcome with the present invention as the

20 combination of the phase error processor 5 and dual-modulus
prescalar 60 acts as a digital phase locked loop. By way of
example, typically f, may be of the order of 0.8GHz, f, may

be of the order of 100Hz and £, and £, may be of the order
of 100MHz.

25
The dual modulus prescalars mentioned above as

examples of the down-converters can be of any suitable form
and may for example be constructed from discrete logic
circuits or as an ASIC (application specific integrated

30 circuit), optionally in combination with other digital -
components of the apparatus. Implementation of the dual
modulus prescalars will be straightforward to those skilled
in the art of such devices and therefore their comstruction

and operation will not be described in further detail
35 herein.
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cl ai m 28, e galn o e anplifiers is digitally controllable.

Briefly, a digital mixer 65 receives a phase error

signal from the phase error processor 5 and passes an

20 inverted output to a digital adder 66, the inverted output
being proportiomal to unity, (1 ~ 1/8) or (1 - 2/s3)
according to whether the phase of the pattern frequency £
needs to be advanced, held or retarded relative to the
phase of the clock freguency £.;. The digital adder &6

25 provides an output and an inverted output to a D-register
€7 which also receives the reference frequency £, as an
input clock signal. A first output of the D-register 67 is
passed to an analogue phase locked loop 68 which is
operated in its constant phase-lock mode in order to

30 multiply the frequency received up to the value required
for the pattern frequency £;,. A second, inverted output of
the D-register €7 is passed back to the digital adder 66.
The output of the D-register 67 is therefore the reference
frequency £, but retarded or advanced in phase if required.

35 . .

Similarly, the motor frequency £, is obtained from a

similar arrangement in which the fractiomal-n divider 4
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1044!*H7#109&4&1fﬂ'9h395}9%k art systems in which a separate clock

head is provided which always reads a dedicated clock track
during servo track writing, and also in those prior art
systems in which the servo tracks are generated from a

30 previously written servo track, there are sometimes
instances when the analogue phase locked loop of the prior
art is held in a locked mode at the time the servo tracks
are actually written because there are neo other clock
signals on the disk with which the phase of the servo track

35 being written can be compared and aligned or to limit
frequency changes when the servo tracks are being written.

In other words, during the actual writing of the servo
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tracks in some systems, there will be times when the phase
locked loop is necessarily locked at the last detected
frequency and phase. This will also apply to certain
applications of the present invention. For example,

s referring to Figure 2, the digital phase locked loop 6
effectively provided by the dual-modulus prescalar 60 and
phase error processor 5 can be held in a locked mode during
the actual writing of the servo pattexrn. This corresponds
to the digital switch 62 being switched to the "HOLD" in

10 Figure 2. However, in this condition, the dual-modulus
prescalar 60 is still operated so that the instantaneocus
frequency is reduced periodically (for example every 1 in
1024 cycles) thereby normally toc egual the disk speed x my.
This means that there are occasional pulses in the servo

15 pattern which are longer than the others by an amount equal
to the step size achieved by the dual-modulus prescalar &0
(which may for example be 0.5 ns). This is effectively a
source of jitter in a signal which is otherwise very stable
and which can cause problems at high frequencies. In some

20 c¢ircumstances, therefore, it is desirable to cbtain the
pattern frequency f; from the reference frequency £,
digitally in a manner other than by a device {(such as the
dual-medulus prescalar 60 described above) which

instantaneously or temporarily varies the frequency even in
25 the HOLD mode.

An example of an alternative circuit for the phase
adjuster 6 which can produce a jitter-free or substantially
jitter-free pattern frequency when require& (for example

30 during times when the phase adjuster 6 is locked in a HOLD
mode during servo track writing) is shown schematically in
Figure 4. 1In this example, the reference frequency £; is
input to a 4-bit parallel-to-serial converter 70 which is
fed by a 4-bit barrel shifter 71. This combination of the

35 parallel-to-serial converter 70 and the barrel shifter 71
effectively operates as a divide-by-four circuit so that
the output frequency £, from the parallel-to-serial .
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3.1096&;()prqﬂg%¢5ln response to an advance or a retard command from

the phase error processor 5 to the barrel shifter 71, the
combination of the parallel-to-serial convertexr 70 and

5 barrel shifter 71 can implement a single divide-by-three or
divide-by-five cycle respectively. In other words, the
circuit 6 shown in Figure 4 can selectively advance and
retard the signal phase in order that the phase of the
pattern frequency £, can be adjusted to align with the clock

10 signal read back from the disk. When the phase adjuster 6
of Figure 4 is locked in its HOLD mode, advance or retard
commands to the barrel shifter 71 can be inhibited so that
the pattern frequency £, ultimately produced -is entirely
free of jitter. It should be noted that any shifts

15 implemented by the barrel shifter 71 (to implement a
divide-by-three or a divide-by-five or back to the divide-
by-four) take place between load events in the parallel-to-
serial converter 70 such that no sharp transitionms or
glitches take place in the frequency output £; by the

20 parallel-to-serial converter 70.

The frequency f; which is output by the parallel-to-
serial converter 70 can be stepped up or down in discrete
intervals by an amount which is fixed for the particular

25 components used and the value of the reference frequency £f,.
In order to reduce the minimum step size that can be
achieved, a second parallel-to-serial converter 72 can be
added which receives the inverted reference frequency f, as
its clock input and which divides that frequency by two.

30 The output £; of the second parallel-to-serial converter 72
is passed with the output £, from the first parallel-to-
serial converter 70 to an exclusive-OR gate 73. This
reduces the minimum step size that can be achieved.

3s In order to smooth the output f; from the exclusive-OR
gate 73, an analogue band pass filter 74 may be provided
after the exclusive-OR gate 73, particularly to filter out
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band pass filter 74 shown in Figure 4.
10
Further examples of altermative circuits for producing
a jitter-free or substantially jitter-free pattern

frequency when required are shown schematically in Figures
5 and 6.

15

Referring to Figure 5, a signal gource 80 provides the
reference frequency £;. For simplicity in this description,
the reference frequency £, is considered to be a sine wave
a.sin{ot). This signal is passed to a phase splitter 81

20 which provides two outputs separated in phase by 90°.
These two outputs are therefore b.sin{wt) and c.cos{mt),
where in general b and ¢ may be different. These two
outputs are passed to respective controlled digital
amplifiers 82,83. The ocutput from the first controlled

25 amplifier 82 is xb.sin(ot) where x is the gain of the first
controlled amplifier 82 and the output from the second
controlled amplifier 83 is yc.cos(ot) where y is the gain of
the second controlled amplifier 83. These two outputs are
summed in a summing junction 84. The output of the summing

30 Jjunction 84 is therefore f, = xb.sin{ot) + yc.cos{et) which
can be rewritten as £, = g.sin(wt+}) where the amplitude
g = ({xb)? + (yc)*)'? and the phase angle ¢ = tan™(yc/xb).
It will be seen therefore that the circuit of Figure 5 can
provide a pattern frequency £, baving the same frequeﬁcy O as

35 the reference frequency £, but with a phase that can be
varied at will between practically any désired value simply
by varying the gain b,c of the first and second controlled
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dependent errors that might arise in the phase splitter 81
can be compensated by appropriate contrel of the first and
second controlled amplifiers 82,83.
10 )
The circuit shown in Figure 6 is an alternative to the
‘circuit shown in Figure 5. The output sigmnal £, from a
signal scurce 90 is sent to two controlled amplifiers 91,92.
The outputs of the controlled amplifiers are sent to
1s respective phase shifters 93,94. The phase shifters 93,94
are set to give a 90° difference at their outputs, the
outputs again being summed in a summing junction 95. As in
the example shown in Figure 5, appropriate control of the
gain of the controlled amplifiers 91,92 allows the phase of

20 the signal f£p output by the summing junction 55 to be varied
at will.

In each of the examples shown in Figures 5 and 6, the
only limitation on the minimum step size that can be
25 achieved for the phase shift is the degree to which the gain
of the controlled amplifiers 82,83,91,92 can be varied.
Exceedingly small time steps of for example 40ps can be
achieved, which ailows the frequency used for the servo

pattern to be increased compared to the value used in the
30 prior art.

In summary, in the most preferred embodiment, a
clocking method and apparatus for a rotating storage medium
uses a single reference frequency from which both the

35 pattern frequency of the servo pattern signal and the

rotaticnal frequency of the storage medium are derived.
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During the servo track writing process, a clock track is
read from the storage medium to obtain a clock signal
having a clock frequency, and the phase of the servo
pattern signal is digitally adjusted relative to the clock
5 signal so that the servo pattern signal is in phase with
the clock signal. The servo pattern signal generator
preferably includes two amplifiers, a phase separator or
shifter for separating or shifting the outputs of the
amplifiers in phase relative to each other, and a summer
10 for summing said phase separated outputs. The gain of at
least one of the amplifiers is adjusted to adjust the phase
of the servo pattern signal relative to clock signal.
Embodiments of the present invention has been
described with particular reference to the examples
15 illustrated. However, it will be appreciated that
variations and modifications may be made to the examples

described within the scope of the present invention.

Reference is made to copending patent appiication
20 numbers (1) and (2) each 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

entire contents of which are incorporated herein by

reference.
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control the phase of the servo track written to the storage
medium, the method comprising the steps of:

rotating a storage medium at a rotational frequency
which is obtained from a reference frequency;

obtaining a servo pattern signal having a pattern
frequency from said reference frequency;

reading a clock track from said storage medium to
obtain a clock signal having a clock frequency;

adjusting the phase of the servo pattern signal
relative to the clock signal by adjusting the phase of the
reference frequency from which the servo pattern signal is
obtained sc that the servo pattern signal is in phase with
the clock signal; and,

writing a servo track in accordance with the servo

pattern signal to the storage medium.

2. A method according to claim 1, wherein the phase of
the servo pattern signal is digitally adjusted relative to
the clock signal so that the servo pattern signal is in

phase with the clock signal.

3. A method according to claim 2, comprising the step of
switching the pattern frequency between one of a plurality
of discrete values thereby to adjust the phase of the servo

pattern signal relative to the clock signal.

4. A method according to claim 2 or claim 3, wherein a
digital phase locked loop is used to adjust the phase of

the servo pattern signal relative to the clock signal.
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5. A method according to claim 4, wherein the digital

phase locked loop includes a dual-modulus prescalar, and

comprising the step of.operating the dual-modulus prescalar
5 to adjust the phase of the servo pattern signal relative to

the clock signal.

6. A method according to any of claims 1 to 4, wherein
the servo pattern signal is obtained by the steps of

10 passing a reference signal having the reference frequency
to two amplifiers the outputs of which are separated or
shifted in phase relative to each other and summing said
outputs, and comprising the step of adjusting the phase of
said servo pattern signal by adjusting the gain of at least

15 one of the amplifiers.

7. A method of writing a servo track to a storage medium
having at least one clock track thereon which is used to
control the phase of the servo track written to the storage
2¢ medium, the method comprising the steps of:

generating a servo pattern signal having a pattern
frequency from a reference frequency;

reading a c¢lock track from said storage medium to
obtain a clock signal having a clock frequency;

25 digitally adjusting the phase of the servo pattern
signal relative to the clock signal by adjusting the phase
of the reference frequency from which the servo pattern
signal is obtained so that.the servo pattern signal is in
phase with the clock signal; and,

30 writing a servo track in accordance with the servo

pattern signal to the storage mediumn.
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8. A method according to claim 7, comprising the step of
switching the pattern frequency between one of a plurality
of discrete values thereby to adjust the phase of the servo

pattern signal relative to the clock signal.

9, A method according to claim 7 or claim 8, wherein a
digital phase locked loop is used to adjust the phase of

the servo pattern signal relative to the clock signal.

10 10. A method according to claim 9, wherein the digital
phase locked loop includes a dual-modulus prescalar, and
comprising the step of operating the dual-modulus prescalar
to adjuét the phase of the servo pattern signal relative to
the clock signal.

135
11. A method according to any of claims 7 to 9, wherein
the servo pattern signal is obtained by the steps of
passing a reference signal having the reference frequency
to two amplifiers the outputs of which are separated or

20 shifted in phase relative to each other and summing said
phase separated outputs,'and comprising the step of
adjusting the phase of said servo pattern signal by

adjustihg the gain of at least one of the amplifiers.

25 12. A method of writing a servo track to a storage medium
having at least one clock track thereon which is used to
control the phase of the servo track written to the storage
medium, the method comprising the steps of:

generating a servo pattern signal having a pattern

30 frequency from a reference signal by passing the reference

signal to two amplifiers the outputs of which are separated

or shifted in phase relative to each other and summing said
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outputs, the summed output being used to generate the servo

pattern signal;
reading a clock track from said storage medium to
obtain a clock signal having a clock fregquency;

5 adjusting the phase of the servo pattern signal
relative to the clock signal so that the serve pattern
signal is in phase with the c¢lock signal by adjusting the
gain of at least one of the amplifiers; and,

writing a servo track in accordance with the servo

10 pattern signal to the storage medium.

13. A method according to claim 12, wherein the gain of

the amplifiers is digitally controllable.

15 14. A method accerding to claim 12 or c¢laim 13, wherein
the phase by which the outputs of the amplifiers are

separated or shifted relative to each other is 20°,

15. Apparatus for writing a servo track to a storage

20 medium having at least one clock track thereon which is
used to control the phase of the servo track written to the
storage medium, the apparatus comprising:

a source of a reference signal having a reference
frequency;

25 a drive circuit arranged to cause rotation of the
storage medium at a rotaticnal freguency which is obtained
from the reference frequency;

a servo pattern signal generator arranged to receive
the reference freguency and to ocutput a servo pattern

30 signal having a pattern frequency obtained from the
reference frequency for use in writing a servo track on

sald storage medium; and,
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16. Apparatus according to claim 15, wherein said phase

adjuster is a digital phase adjuster.

10 17. Apparatus according to c¢laim 16, wherein the digital
phase adjuster is arranged to adjust the phase of the servo
pattern signal relative to the clock signal by switching
the pattern frequency between one of a plurality of
discrete values.

15
18. Apparatus according to claim 16 or claim 17, wherein

said phase adjuster is a digital phase locked loop.

19. BApparatus according to claim 18, wherein the digital

20 phase locked lcop includes a dual-modulus prescalar.

20. Apparatus according to claim 19, wherein said dual-
modulus prescalar alsc forms part of the servo pattern
signal generator.

25

21. Apparatus according to claim 15 or claim 16, wherein
the phase adjuster comprises two amplifiers, a phase
separator or shifter for separating or shifting the outputs
of the amplifiers in phase relative to each other, a summer

30 for summing said phase separated outputs, and a gain
controller for adjusting the gain of at least one of the

amplifiers thereby to adjust the phase of said servo

pattern signal.
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prescalar.

23. Apparatus for writing a servo track to a storage
medium having at least one clock track thereon which is
used to control the phase of the servo track written to the
storage medium, the apparatus comprising:

10 a servo pattern signal generator for generating a
servo pattern signal having a pattern frequency frocm a
reference frequency;

a clock track reader for reading a clock track from a
storage medium to obtain a clock signal having a clock

15 freguency; and,

a digital phase adjuster for digitally adjusting the
phase of a said servo pattern signal relative to a said
clock signal so that a said servo pattern signal is in
phase with a said clock signal by adjusting the phase of

20 the reference freguency from which the servo pattern signal

is obtained.

24. Apparatus according to claim 23, wherein the phase
adjuster is arranged to switch a said pattern frequency

25 between one of a plurality of discrete values thereby to
adjust the phase of a said servo pattern signal relative to

a salid cleock signal.

25. Apparatus according to claim 23 or claim 24,
30 comprising a digital phase locked loop for adjusting the

phase of the servo pattern signal relative to the clock

signal.
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110%& () - Cﬁgé\gﬁﬁﬁggg said phase separated outputs, and a gain
controller for adjusting the gain of at least one of the
10 amplifiers thereby to adjust the phase of said servo

pattern signal.

28. Apparatus for writing a servo track to a storage
medium having at least one clock track thereon which is

15 used to contrel the phase of the servo track written to the
storage medium, the apparatus comprising:

a servo pattern signal generator comprising two
amplifiers, a phase separator or shifter for separating or
shifting the cutputs of the amplifiers in phase relative to

20 each other, and a summer f£for summing said phase separated
outputs;

a clock track reader for reading a clock track from
said storage medium to obtain a clock signal having a clock
frequency; and,

25 a gain controller for adjusting the gain of at least
one of the amplifiers thereby to adjust the phase of a said
servo pattern signal relative to a said clock signal so
that a said servo pattern signal is in phase with a said
clock signal.

30 _

29. Apparatus according to claim 28, wherein the gain of

the amplifiers is digitally controllable.
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