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isc drive devices 5 and nore
particularly, but without limitation,”¥@&%a disc dri VWWQ““SW
Information that is witten to a disc at a frequency t es for eac
track on, tihe disc. Background of the Lgvention 10 Harﬁm@”ﬁwmmmmﬂs are
used i n modern conputer systens to enable users to st eve vast
amounts of data in a fast and efficient manner. In a typicd™drsc drive,
one or nore magnetic discs are rotated at a_constant high speed and
accessed by a %WtBEMFTXMWMEQ%AJI%MIAlﬁ RI¥Bd/ write -
heads that fly adjacent the surfaces of the di.scs on air bearings 15
est abl i shedFlield af thednvemtiuins set up by the rotation of the discs. Each head
includes a wite_elenent that selectively magneti zes data_ fields defined
on tracks on the Thepressabimvention rglaies gepermally do ﬁﬁgoid\)ﬁcquélccﬁ%rc&ﬁl on, and

ar _eadsel € mop@g%rtféﬂaﬁ&t Euttwg?&?llﬁbéﬁgh 82«% 81‘1%% H‘tngf e dat a f el ds

during~a read oper rea $2C circuit,
responsi ve iffofthRioheBatSis vaittento Qvdistest azﬂe(ﬁtﬂ:ngj? ans vaFied fb@ edar Badlesiveen t he

di scs and a host conputer in which the disc drive is nounted. A closed
Foop digitathesHsqo systemis used to control the position of the heads
relative to the tracks through the application of current to a coil of
avoice coil notor. The tracks are defined fromservo information witten
to servo fi ghderédndsf hbenwifibaces of the discs during manufacturing using
a highly precise servo track witer. The servo information is stored in a
seri ed0of servo Haed disc drives aleamdd mymedgesconipundri syktearseo reaablelukears & i gned on
each of the surfaqces.of t he di scsag&?ta as to defi servo wedges which

outwardly eXCERYPS FHATENEst ARyt &t 2 {3t andietficdent manpeL hokes of a
wheel ). The dat apf h¢)s{sa @i RHRS 8L IoYe HabARRCHsREINSE ted at a

constant high speed and accessed by a rotary actuator assembly having a plurality

of read/write heads that fly adjacent the surfaces of the discs on air bearings

15 established by air currents set up by the rotation of the discs. Each head includes
a write element that selectively. magnetizes datd fields defined on tracks on the
corresponding disc surface during a write operation, and a read element that
detects the selective magnetization of the data fields during a read operation. A
read/write channel and an interface circuit, responsive to the heads, are provided

20 to transfer the data between the discs and a host computer in which the disc drive
is mounted.

A closed loop digital servo system is used to control the position of the
heads relative to the tracks through the application of current to a coil of a voice
coil motor. The tracks are defined from servo information written to servo fields

25 on the surfaces of the discs during manufacturing using a highly précise Servo
track writer. The servo information is stored in a series of servo fields, the
ieading edges of which are radially aligned on each of the surfaces of the discs so
as to define servo wedgeé which outwardly extend from the inner radii of the

discs (like spokes of a wheel). The data fields are subsequently arranged between



WD 99/ 09546 PCTI US9S/ 11739 -2 adjacent servo fields during a disc drive
formatting operation. Typical disc drives provide from about 30;to, 90
servo vegges@iseach disc surface. The servo information pypidslyss ncl udes
automatic gain control (AGC), synchronization, track address, radi al
position (index) and position information 5 stored in associated fields,
with the AGC and synchroni zation information providing timng and anplitude
i nputs, the track address informatior?-indicating the radial position of
the heads, the index information indicating the angular position of the
heads wi t h radjsemstserve fi¢glds durdngsa disd drive fpusdttingopdratiar. ndypioal disondi cat i ng
the position of the.heads with respect to the center associated tracks on
10 the di scsd.rwf’fla’éo,“&ﬁf’ﬁ‘ga\gﬂB'r ?éﬂo @f%vﬁﬁ‘ieggeso‘ﬁb?a&ﬁi ,S“’Féﬁe'servo
information is | Qek : | . Sefr; t o control
the position of Pﬁ{g &ﬁ%ﬁ%ﬁé?ﬁgﬁ%ﬁ?ﬁ%lffl&l P g%tﬁlg%rgﬁ%cﬁ l%{?%?\%(?é?\@o@’dat a

bet ween t he sgathronizatials tiankl address, madial positont (@dex)lrel positipneinéormationhi ch t he

data are witten.to the ggtf fields is selected to 15 be as_high as
pract i cabl e SfAyediyassociateddields; wathithe AGL and sychronizaginn infermmation j cs of the

di sc drive. . 0 ™ LStV ' response,
maxi mum | i kg}é?ﬁ%%%ﬁn%&ﬁ%?&?@%&ﬂ%ﬁsz tﬁ%#g@ ?é(;lﬁg%zﬁc ni aﬂgéwldgé%&l | | owed

di sc dri ves thd radied ppsicior iof tigchvads tthe inder inforhaichnifidicenny detangalar f r equenci es
of up to 200 megahertz (MHZ). Typically, however, the servo information is’
witten at ®OpHoBgbshedhnadymith regnget torthe disenand the popities information Thi s
reduction i he. fr | r ' rmat i on LS. Wi nis due to
a variety o n%gaﬁgx Jg‘?g?{lgﬁ% °FE‘F\24§%’%%‘W§§ r%!ﬁ%g&tp é&en&% rr%s%]oec la\rlt\ge({ %r:éc Val" of dat a:
i s accnpl i shedisgy. | This, ldirihg hodl digedrd@d dpeeatione tr RERNEEortioaksence) of
flux transition pulses fromthe nmedia; conpensation for the effects of
factors suclpergdigdiseampled tongnable\the 8¢Tvp 5y semde epateolabe pasitipe at thepe

e ad) acentryodpRateh B AR AR Br ol Shpe R A% FERRARE e 0 <y ot om

requires detgstdonipugerpul se | ocation and anplitude of the servo information
which are typically difficult to accurately detect in the presence of
noi se and i nt er f diherfeaguennyr atovideh theidatapdre] wiittamtatthe datarfieldsds selectedieo hi gher

fr i . . . .. -
CQUEC! €S Sagqugthoas practicable in order to maximize the data transfer characteristics of

the disc drive. The use of magneto-resistive (MR) heads and partial response,
maximum likelihood (PRML) read channel detection techniques have allowed
disc drives of the present generation to write and read data at frequencies of up to
200 megahertz (MHZ). Typically, however, the servo information is written at a
20 substantially lower frequency, such as 20 MHZ. This reduction in the frequency
at which servo information is written is due to a variety of considerations,
including the fact that the retrieval of data is accomplished primarily through
detecting the presence (or absence) of flux transition pulses from the media;
compensation for the effects of factors such as noise and intersymbol interference
25 can hence be sufficiently employed to decode the data, even when the readback
pulses are adjacently disposed. By contrast, proper operation of the servo system
requires determining pulse location and amplitude of the servo information which
are typically difficult to accurately detect in the presence of noise and
interference characteristic of information written at the higher frequencies used to

30 store and retrieve the user data.



30 store and retrieve the user data. WO 99/09546 PCTI US98/ 11739 -3 Most
prior art disc drives have servo information that is witten at the sane

frequencyyd eyoosach of the tracks on the discs. As nentionescpBesRs7iohi s
results in the servo informati on being arranged as a plurality of wedges

that are wder at the outer radii as conpared to the inner radii of the
discs (i.e., servo 5 fields witten at the outer radii are physically

| arger than servo fields at the inner3-radii of the discs). Although such
an approach is relatively easy to inplenment and control, the optinum
frequency for theVipsicRiiarart disc driseskaveservef information thay is whistesat ths systemi s

The disca. - rombdFaREpAClor e of @Ak Phusuing. 15 PebBlsurostery™s ©
det er m ned QygfiRGn theiSérGo WibiHatfdhBedts Srhidet @8 afflulalify HEREddes Wdt a8s. for

exanpl e, PW0, which is a neasure of pulse wdth wth respect to
anpl i tude) awder atcthewytes radii gy compased © the inndreadie df the discst(oe.,lsenlo a

frequengy t ecardi ng . characteristics, o he nedia be non- | i near

whi ch aﬁvergﬁ‘il@f FhitR 3Cue s 5 hre i sicalty e BRSSO TiSR 2t ASIORET 00 | ow
a frequency r t:] ' ' 0 noise
ati o Thue, P HerBheeh AUHBIRT MM apfSith'st MadPeas tomBbent |, 17 1

is usual | y andlcentrel] thooptimuthefreapiengyafoe theredbestl of ehid servainformativn Byhe
entire radii_of the discs and to accommpdate ot her factors, such as

al t er nat i ng tHe|FETEASYIRR)IS BOLRACEIgribheanstant ru rather varies i relatiensto the Sone
prior art digg; ﬂfh%ﬁecﬁ &ave been di scl osed having servo information

arranged inap a fy'of radially defined zones on the discs, each zone

conpri®) ng a sel aGérealbanne optirhibFiubicydor Gorvsecovenf & dtantihcd Bthen dat a
fields ("sectors") of substantially eaual circunferential |ength. Exanples

of such pri dulsearidthychagacienisiss ofithe headsusbdsi for examplex WG whigh isedl St at es
oL 10 G VRS R B TSR o
1993 to TsuyBshiedRt At too(High giffahéy the T&OYHRH chardSéridticsdf the media-
become non-linear which adversely increases noise in the servo readback signal;
15 at too low a frequency the pulses are too narrow, resulting in a low signal to
noise ratio. Thus, the constant frequency at which servo information is written is
usually selected to ensure adequate readback performance over the entire radii of
the discs and to accommodate other factors, such as alternating current (AC)
coupling characteristics of the heads.
20 Some prior art disc drives have been disclosed having servo information
arranged in a plurality of radially defined zones on the discs, each zone
comprising a selected band of tracks to which user data are stored in data fields
(“sectors”) of substantially equal circumferential length. Examples of such prior
art disc drives are provided in, for example, United States Patent No. 4,016,603
25 issued April 5, 1977 to Ottesen (hereinafter “Ottesen ‘603") and United States
Patent No. 5,193,034 issued March 9, 1993 to Tsuyoshi et al. (hereinafter
“Tsuyoshi ‘034"). 0
Ottesen ‘603, a relatively early disc drive patent, arranges the servo

information into a different number of constant-frequency servo wedges in each

30 of the zones, with the servo wedges in one zone radially offset from the servo



Otesen 603, arelatively early disc drive patent, arranges the servo
information into a different nunber of constant-frequency servo wedges in
each 30 nes, with the servo wedges in one zone r g} set
fromt he@i%%%s% 99/ 09546 PCT/ US98/ 11739 -4 wedges in the nedg%(/,lp’fg%j acent
zone. Although operable, Otesen 603 has a nunber of associated probl ens,
including relative difficulty in ensuring proper wite protection for each
of the servo wedges (which are scatte¥ed over the surfaces of the discs),
the requirenment for an external index generator so that 5 absol ute angul ar
posi ti on carwddgesiit the mexts ddmoeht anet AilthedgH GhdratdenOitéRd ‘6@3Thisays a
tachoneter), a%d tEe'po,t thi al for, loss of servo _control when a sel ected
head i s novdWMPsT Qhpsseeated ProRigms dinslyding Fel3tive AHHeRI UG INRASYFNG PEPEECt ed zone

boundary. Ty brectiitns ath o BEs0VEWAR0E (AL SE0LAN AGec L 20l |y

aligns the ervo 1nformation so ovi de cont1nuously extending

servo wedgesurfacessf thd discsy Lithe aeqsirepient Fsr i éx@&nalafdéxgdreeator fethari or art
di sc drives discussed above. Parti cul a_r!eﬁ/, the servo information is
witter as Absluteangular pesitionican be dessrnaine! ard maingrired Eittesers ‘@3ch of t he

zones, the \gﬁﬂ@ﬁg i LRC i t ter I anet er. t he
discs. Wiile TS yoagﬁ%(ﬁd}'gﬁéﬁ’eé@gg’o galgng%s iOE %r(relﬁé:t% 5 Ygena%:rgeolécstg he

boundary regieahis meveteedpdeRardtks aRPESed oh cihdESide of adelee®a zbhe zone
boundary control problens associated with Otesen 603, and wites sone of

the servo beEE4aFRtion at a different frequency (on a zone basis) in order

t b tl tm t It f.th . d to. t.he.. i
cach sone - Touydorob Bty #obietott viskf HSRing b b BETmEL" "
surf ace oversbeadnfoPmatities2 s ®EFr¥Qide RbAIKRUEIY R xBRdINg CHBRBAdeR abRRs Pr i or

art. Accordingly, as data storage densities continue to increase, there
remai ns a densurfaged ofidediscar asi inghoodreprier am dishalrives dishessebgbayeeat er

| evel s of digsc.driyve, . servo.performance. and data stor . capaci tjes can be
achi eved. 2§%§Eﬁ‘ﬂ?ﬂ§t§y thy *The quﬂ%%’topdﬁ wfﬁ%“ﬁf é@é‘ﬂﬁaﬁ%@fgﬁ_ﬁ}a@p{ eixge“éﬂgect ed to
a disc driveyedagyd 9o b 6f 2 2082 fihe 8HXR Habin@liAGEARA Widthdat eShtdt @
continuously varying frequency with respect to
diameters of the discs. While Tsuyoshi ‘034 extends the servo information
15 across the boundary regions between adjacent zones in order to address the zone
boundary control problems associated with Ottesen ‘603, and writes some of the
servo information at a different frequency (on a zone basis) in order to
subsequently optimize the writing of the user data to the sectors in each zone,
Tsuyoshi ‘034 still requires substantially the same disc surface overhead for the
20 servo information as is common in the prior art.
Accordingly, as data storage densities continue to increase, there remains

a continual need for improvements in the art whereby greater levels of disc drive

servo performance and data storage capacities can be achieved.

25 ummary of the Invention
The present invention is directed to a disc drive having a disc on which
servo information is written at a continuously varying frequency with respect to
disc radius to increase the cata recording capacity of the disc.
In accordance with a preferred embodiment, a disc drive comprises a

30 rotatable disc upon which the servo information is stored, the servo information



disc radius to increase the cata recording capacity of the disc. In
accordance with a preferred enbodi nent, a disc drive conprises a 30

rot at abl g YomesdgPon whi ch the servo i nformation is st or ed, pdEsoRAT 149 _

i nformati on WD 99/ 09546 PCT/ US98/ 11739 -5 used to control the position of
an associ ated head with respect to tracks defined on the disc. The servo
information is witten at a frequency that varies for each track so as to
achi eve a substantially constant densdty servo pattern. The servo 5
information is accordingly arranged on the disc. as a plurality of servo
strips ext exed togcordrhl dhd positi@notan assocated heahwithtrespedi tarredcks definddhe di sc.
Each servo onprises a plurality of servo fields, with each servo
field assomoé‘ttgﬁ%ﬁcth a selected one of the tracks on the disc.
Preferably, each £ - r servo
|t or mati on T wr e S by ortatiohds WRieh of b A e AL o i
fixed frequenay tpathievara smbswntia]lgnarhstadndbnsnychec\ai patterme Thppesor i at e radi al
| ocations on the disc at which the servo i nformation should be witten.
The servo t ABOKMAHON Isagcernalyarrapgeddusthg dissrase Mlpralisy ef srrko sirinsui t whi ch

generates a igarn%g-lg"ifag apy FH A ¥n ?ﬁﬂp% agwﬁilep %m?ne%eqj &hé YRLY E\,/a%fl 5?1@.9 the servo

frequency, ern generator EherGeeg “ahd

i nf or mat i on sadip Edﬁﬁprxﬁ%hﬁﬂhﬁﬂﬁt}f oESHeR EiKlde | w'ith%a&ﬁéét@o feld &s6diel vatigpnal at
the appropriate times indicated by the pattern clock signal. To do so, the
pattern genéelgeied opatofthestracks vadhe disal Preferablhesack of thewertefieldsisof r cui t
whi ch terrpolrj_\%tj# su§€ends and restarts the servo wite clock circuit so
that the se it 1ock signal and the 20 pattern clock signal are in
phase gt the ini tiRtdeprb mfoﬁmoﬁu; wmeﬁfbytahfer@&&m( w'ri@lfngrs?ﬁtal'n%lcﬂ_ hese and
vari ous other features as well as advantages which characterize

present i nvEaniraies aj ﬂixedtfeecalpp%f patteri clook aignabibianigdishtes hise dppropriiterg det ai | ed

g? sc[:; ;5\: :182 é}gl l%cat%/ns tge d}sgeat & ?%Ctlhgtsgrq/odl ormal.qon shoulcF [>e wntt%%scr ' ption

The servo track writing system includes a servo write clock circuit which

generate's a servo write clock signal having a selectively variable frequency, and
15 a pattern generator which generates and outputs the servo information at the
selected frequency of the servo write clock signal at the appropriate times
indicated by the pattern clock signal. To do so, the pattern generator outputs a
reset pulse to the servo write clock circuit which temporarily suspends and
restarts the servo write clock circuit so that the servo write clock signal and the
20 pattern clock signal are in phase at the initiation of the output of the servo
information.
These and various other features as well as advantages which characterize
the present invention will be apparent from a reading of the following detailed

description and a review of the associated drawings.
25
Brief Description of Drawings
FIG. 1 provides a top plan view of a disc drive constructed in accordance
with a preferred embodiment of the present invention.
FIG. 2 is a functional block diagram of the disc drive of FIG. 1.

30 FIG. 3 provides a representation of a plurality of servo wedges on a



FIG 1 provides a top plan view of a disc drive constructed in accordance
with a preferred enbodi nent of the present invention. FIG 2 is a

function | di agram of the disc drive of FIG 1. 30 Loyi des a
repr esengjgt%ggggjgf a plurality of servo wedges on a WD 99/ gggﬁ]g%p‘ﬂy B
PCT/ US98/ 11739 -6 portion of a prior art disc, illustrating the manner in
whi ch servo information is stored in accordance with the prior art. FIG 4
illustrates a servo field disposed at6-an outer radius of the prior art

disc of FIG 3. 5 FIG 5 illustrates a servo field disposed at an inner
radi us of t tpertpon offa prior ardidisc, dlustratiag the nkdnGer i whiok iseled iaformpti@sRNt at i on
of a portion of one of the discs of the disc drive of FIG 1, illustrating

the servo i Hfo5¢HiR 3GRTdePce WHhAbe,Rrier #t.ural ity of constant density servo
strips on the di iQ; ' . nt i [ I 7
illustrates a seffgg' fg' ileﬁﬁ%gag%g‘é%\hgﬂta ‘%%%Suc! gt?a%r%ué%pueéﬁo ot?hrahee éth%{arg‘ FI G
6. FIG 8 ildisesiffRIGed.a servo field disposed at an inner radius of the disc
of FIG 6. FIG 9 provides a functional block representation of the disc
drive & FIG 151G fllesratasicseromfigldidisposedatan inperciadines iof ithyprigrsare m whi ch
is used to yi.tggies servo information to the discs of the disc drive in
accordance with the present invention. FIG 10 provides a functional block

representation ofFIG. p@rovides Dieprdtentatiombf #'poftionCofi dne W thd\@iseLoffiet r ack
witing systemof FIG 9. 20 FIG 11 provides a timng diagramillustrating

the timng @iscyliiveaiFICsilgHbistatnmbe sewie informaton prranged asfa Hulitnof r el at i ng
e MO
(;i rcuito of FIG  FIGH ¢lilddtitestasebVefivti didpdSedPdt dnlesiaiais of tdf disd §f of FI G
FIG. 6.
FIG. 8 illustrates a servo field disposed at an inner radius of the disc of
FIG. 6.
FIG. 9 provides a functional block representation of the disc drive of FIG.
15 1 in conjunction with a servo track writing system which is used to write the
servo information to the discs of the disc drive in accordance with the present
invention.
FIG. 10 provides a functional block representation of a portion of the
control circuit of the servo track writing system of FIG. 9.
20 FIG. 11 provides a timing diagram illustrating the timing of various -
signals generated by the circuit of FIG. 10 relating to the writing of the servo
field of FIG. 8.
FIG. 12 provides a timing diagram illustrating the timing of various
signals generated by the circuit of FIG. 10 relating to the writing of the servo
25 field of FIG. 7.
FIG. 13 provides a flow chart for a CONSTANT DENSITY STW
routine, generally illustrating the steps carried out to write the servo information

to the discs of the disc drive in accordance with the present invention.



FIG 13 provides a flow chart for a CONSTANT DENSI TY STW routine,
generally illustrating the steps carried out to wite the servo information
to the diwwgsysissd he disc drive in accordance with the presgaiussy/garid on.. WO
99/ 09546 PCT/ US98/ 11739 -7 Detailed Description Turning nowto the )
drawi ngs and nore particularly to FIG 1, shown thereinis a top plan view
of a disc drive constructed in accordance with a preferred enbodi nent of
the present invention and generally denoted at 100. 5 The disc drive 100

i ncl udes a base deck 102 to which various disc drive conponents are

mount ed. A egiledJdgscripionh has been onmitted fromFIG 1 to facilitate the

present di scussi cooperates .w t.h the base dec 0 forman internal,
seal ed envi ronneﬁ(?lr?lgg_ x e‘%‘F‘%gramlP%sea‘i"o’é‘F’feAP%Fﬁf‘ﬁaﬁ]'%%?Tﬁ%-r _?lgql?“lms_ provi ded
to rotate aggdrainks @ftobhasvidWof aldit drdesdoabirudiédih sR6RMAncovvith 22 di sc cl anp

10 108 securing the discs 106 to the spindle notor 104. To transfer data to
and from t hprefered emb6diment ofitheqiresebt invpntion ansigeperllyadengtedat 188senbly 110

responge to cur r SRELBRYGR efaEtr basedti 107 WicH e e Ehgan o
113) of a vaqj ' / TRéhi &dRbh B il | ncl udes
a plurali ty%gﬁlﬁg{r;%ég i@ﬁn&%&%tgé%@gﬁ, gg’ﬁ%f\%#ﬁ%%logﬁﬁre assenblies 118
ext end. Headscilidf® the pregzenvdisedsian, choptmitesewitls thefbasédedd Edroefoarmsmnbl i es 118
and are supported over the discs 106 h I.r bearings established by air
currents sé@tem?l’b%‘?a]Fﬁé“Y’é?‘&P?‘Brfobg‘etdd%" F‘éCCEOOlOé.S%K‘dI?%P’@FPra@géﬂbI y 122 is

provided to . rel ' . ' . t he
ot most | PAREEA! © kg ASPER o iRes 100Ut REodkeRE i \Heed ARIAAE arth
deact i nat ed.108 skdigingCthe disck 106 sethel spindlhopradiddes el ectrical communi cati on

pat hs between the actuator assenbly 110 and a disc drive printed circuit
board (not shown)Torsemsferdlatato and freradhe diges H96,tacontrgilably posifienade jn a

conventi onal ner., . Al ' il Y VO
i nf or mati on 3f a(;é'r iaﬁegﬁ‘ﬁ)( g)fgﬁsgﬂ’%ggieg k@éﬁ%@%ﬁ%ﬁ@ﬁs Cgﬂglg%vge'ﬁ}gck writing
operati on dukdefifbly €2 iR pispartse 46 Quabnts APplicl S il 4epokién oPWwhidhdist hi s

process, as shown in FIG 1 a clock head 126 is
shown at 113) of a voice coil motor (VCM) 114. The actuator assembly 110

15 includes a plurality of arms 116 from which corresponding flexure assemblies
118 extend. Heads 120 are provided at distal ends of the flexure assemblies 118
and are supported over the discs 106 by air bearings established by air currents
set up by the rotation of the discs 106. A latch assembly 122 is provided to
secure the heads over landing zones (not designated) at the innermost diameters

20 of the discs 106 when the disc drive 100 is deactivated. A flex circuit assembly
124 provides electrical communication paths between the actuator assembly 110
and a disc drive printed circuit board (not shown) mounted to the underside of the
disc drive 100 in a conventional manner.

As explained in greater detail below, servo information is written to the

25 discs 106 during a servo track writing operation during the manufacture of the
disc drive 100. During this process, as shown in FIG. 1 a clock head 126 is
inserted through an opening 128 in the side of the base deck 102 to write a clock
track at the outermost radius of one of the discs 106. The clock head 126 is not a
part of the disc drive 100; rather, the clock head 126 is removed once the servo

30 track writing operation is completed, after which the opening 128 is sealed using



i nserted through an opening 128 in the side of the base deck 102 to wite a
clock track at the outernost radius of one of the discs 106. The cl ock
head 1264 part of the disc drive 100; rather, thg d 126
S rermvec?gonce 6?he servo 30 track witing operation is co (‘%gdp’%gfter
whi ch the opening 128 is seal ed using WO 99/ 09546 PCTI U898/ 11739 -8 a
conventional adhesive seal (not shown) applied to the exterior surface of
the base deck 102. Referring now to81 G 2, shown therein is a functional
bl ock diagramof the disc drive 100 of FIG 1, generally illustrating the
mai n funct i arcahverntionaii adhesive sead (o shawn) applich & theextarionsudacet ¢feheli sc dri ve
100. It wll be u ci stood that the <circuitry of FIG 1 substantially

resi des on PF@%E g&nsntioned disc drive printed circuit board. As shown
in FIG 2, the digg 0 uter 130
in which the di sc r| vg%ﬁgjﬁﬁgt}sﬁgug@&@??ﬁ%ﬂgﬁ%@ﬁ%ﬁﬁﬁ%ﬁ%@o A disc
drive contr die gisodrss 000 dSPIGr h\detierally diudtatiag tlmmmcfuncxiomhermmrat i on of
the disc drive 100 and facilitates data transfer between the host conputer

130 and t hase ocontrobthempsrationof te diseidrivg b@%ltl%w Qﬁquei%epwa&% control
rocessor t |

8evi ces suc%§ ﬂg%fgf I%VIldS%gSt ﬁ&%s‘}égs@{ hlc%fé}?/glf mﬁc&dgﬁ%‘% 1 and a

fl ash nmenor girg§iv bedd. 15 136 An i nterface CI rcuit 140 includes a data

buffer (not separately shown) for the tenporary buffering of data between -
the host conput eAsisbowaris Fle2dthgcdiscidrive Hituis operahlyctrnsected fas hagt

separatel y show r‘1§@ S %édfs*c‘% 199%F)6t4%Buxgtfd!irbgcgh%fm{)fﬁlﬁgﬁm%po during
data transf&? Bpera { OhY. Ty eEd eration .
data ape pagseide fooabbrhﬂalfwséesf&nn@gt;ﬁbwaés @pnaﬁeqikwmtéleofqhaaﬁ@hndmaf whi ch
applies the necessary encodin timng and serialization operations to

enabl e a pr m;s@dmww(bamd:tapgwamdqm Hlae%fﬁlpbthf:@l thegiopt campusercladrandt s to

the head 1 t te t th d
Cher at ron. Fie. QiR HeB e Brafihind sl SpERbBiS TRy e SR PO, Ly
read el ement39hrd fr@viRaGn B%Watll@ﬁﬁ@hbﬁlgoﬁah& REMBAPdevs sachPasoy i de

readback signals to the read/wite
dynamic random access memory (DRAM) device 134 and a flash memory device

15 136.

An interface circuit 140 includes a data buffer (not separately shown) for
the temporary buffering of data between the host computer 130 and the discs 106
and a sequencer (also not separately shown) that directs the operation of the disc
drive 100 during data transfer operations. More particularly, during a write
20 operation data are passed from the host computer to a read/write channel 142
which applies the necessary encoding, timing and serialization operations to
enable a preamp/driver circuit 144 ("preamp") to apply write currents to the head
120 in order to write the data to the disc 106. During a read operation, read bias
currents are passed through a magneto-resistive (MR) read element of the head
25 120, enabling the preamp 144 to provide readback signals to the read/write
channel 142 to reconstruct and transfer the previously stored data to the host
computer 130.
Continuing with FIG. 2, a spindle circuit 146 is provided to control the
rotation of the discs 106 through back electromagnetic force (bemf) commutation

30 of the spindle motor 104 in a conventional manner. During normal operation of



channel 142 to reconstruct and transfer the previously stored data to the
host .conputer 130. Continuing with FIG 2, a spindle circuit 146 is

provi ded W@os6y3kg 0l the rotation of the discs 106 throughpefgies 11739 ,
el ectromagnetic force (bent) commutation 30 of the spindle notor 104 in a
conventional manner. During normal operation of W) 99/09546 PCT/ US98/ 11739
-9 the disc drive 100 the discs 106 are rotated at a constant hi gh speed,
such as 10,000 revolutions per m nut®. Fi nally, a servo circuit 148 is
provided to control the position of the heads .120 relative to the discs
106. Servo ith¢ dispriverl08rbe ﬁ@c%l%gexgetquatraemsmt high spedfe sueh a20 and

provided to ervo circuit. 148 by way of the preanp 144. During a seek
operation M@rquOSrego@l&og%P%rdnﬁlgéd 120 is noved froman initial track to a

destination trackginaly e &Wd &’1réiﬁ0i48 B ﬁrévrﬁ@&@b Eshtiit ithe Sositish SPthe MeAds
velocity trajectory for the head. During the seek, current is applied to

t he coi | 1]130bylanhe ta thevdisasi 106 ui Serviot ;rformasiogen the discs 306 isread dydhe hen

decel er he h 10 120, t.o rd t he dest ion track. As t head 120 is
toved dbr oshesdn i and piogied do e seiv eirot by Ry o 3 ercaBmd Mg pr ovi ded
to the servo C' r%ﬁr%g&él{‘ope%%rw et @1k deRAd1909€ 'rﬁd(re&?r%?ﬁ’ﬁﬁ”em S,

and adjustnents are e to'the applied current 1n response to t

di fference hinitiabtrack tvea destimatiadirack, acvelocityrprofilehie used woddfine phodptilmum15
During track follow%cg wherein a, selected head 120 is caused to follow a
?

sel ect ed t r a€kocitytEajedorydoE thedigad. Duyingstbs sgﬂ%.cvrrswars apRhgst toethe 6A1lf r om t he
Servo '”foffi%.tdfdﬂe J&g:‘i‘}&b L8l 6%E eléR anqu&fdéc'aﬁerﬁg'uke hd&agmai ntain
| a I Xe ecte rack.

the head 12 atron wth e se he constructi on

and opgy at i aR0abwakEthe @lestinatioh tihicB UGS ths hdAB120 B movdursesd thd @isc exanpl e, in
United States Patent No. 20 5,262,907 issued Novenber 16, 1993 to Duffy et
al . (herei nantfage, %ﬁcfrym@f@mqtlon laggact;@réhpxtomeﬁéo shessegyreirgt 14ﬁaﬂbresent

| nvention. Refer i ' Jb%ﬂ%ﬁ’%& 9e1bdify md su %R%Qﬁs a@lﬁra\ec/‘lburguh%g? n%telﬁgéne%' hEY.

representation nner 1’n e ser I's Wwitten in
accordance Vipplied B@réhtiif frespofide. tol?ﬂé aiffewéreelb)étw@nnﬁé hieasured vélogity @id art di sc

150 is represented in FIG 3, with
' the velocity profile.

15 During track following wherein a selected head 120 is caused to follow a
selected track, the servo circuit 148 uses positional information from the servo
information to modulate the current applied to the coil to maintain the head 120
in a fixed relation with the selected track. The construction and operation of
servo circuits such as 148 are discussed, for example, in United States Patent No.

20 5,262,907 issued November 16, 1993 to Duffy et al. (hereinafter “Duffy ‘907"),
assigned to the assignee of the present invention.

Referring now to FIG. 3, shown therein is a generalized representation of
the manner in which the servo information is written in accordance with the prior
art. Particularly, a portion of a prior art disc 150 is represented in FIG. 3, with

25 the disc 150 including a number of servo wedges (one of which is identified at
152), each servo wedge radially extending from the inner to the outer radius of
the disc 150 and comprising the servo information used to control the position of
an associated head (not shown) in relation to the disc surface.

Because all of the servo information is written at the same frequency, the .

30 width of the servo wedge 152 increases with disc radius. Particularly, with



25 the disc 150 including a nunber of servo wedges (one.of which is
identified at 152), each servo wedge radially extending fromthe inner to
the- out ey, RRbsys of the disc 150 and conprising the serv Cil‘RfS@i/FﬁSJ on used
to control the position of an associated head (not shovvn? inrelation to

t he disc surface. Because all of the servo information is witten at the
sane frequency, the. 30 width of the servo wedge 152 increases wth disc
radius. Particularly, with WO 99/09546 PCT/ US98/ 11739 -10 reference to
prior art FIGS. 4 and 5, a servo field 154 (FIG 4) disposed at the

out er nost r eefergacepto priver aft EHGS.50and hraysdrhe fiskdr 164 (i#Ggd) disposed asthiest anti al | y
| onger than a servo f.ield 156 (FI G, 5) disposed at _the innernpst radius of
the disc 1%3?“53\?5\(%({]5?106%@&53159&1?}?;@&3 pvedeg lé%d&ﬁ“‘?sﬁmﬁ art, the
servo field : ' rﬂ%‘?ﬁz ' t{; (AGO) ,
synchroni zait%inégﬂ[(h%) ,a %gﬁg&ggggw&%)ﬁﬁgéftl?ygn p!(?)sgirtg?i gﬂof%&fi el ds,
the format &5 uskchaafghwariobs seave fovedats dra dvowaria thibi &rc,uhes eervorfieldsf £54,  907. By
contrast, the present invention contenplates the witing of the servo

i or mat | onl 34 %5 DAV th GOPPEE BHEPALLERE coBrekliGh: yndpEERiAn (D) y
const ant bl il IRER! Ry ik LOLALY (BbSPHSEN e chinsl a1kt e pfpReCt 10

di sc radius. Particul rovides eneralized representation of
one of the shesed] kfivioand discudselcin Phifify €000 having a plurality of constant
density servo strips (one_of which is, designated at 162), each servo strip
conpri sing the sBY $6NItONERIGSER pVentioncgnigiplatessths yring ot Bgiserveas. For

reference, i a%%ntapg Av‘sq{')éxﬁg\t;%&?eﬁgisgg ?Cgé%ﬁ&%sa st%stjaﬁuﬁf;}{ %’oﬁlﬁa&g@lﬂs on each _

of the disc surtaces. , the Servo has a

subst a0t i al densitpiah® wAiforhig tsizedistivorfesdewith repeét6 dikGhdins. Fartiduddrlyd servo
field 164 (FIG 7) disposed at the outernost radius of the disc 106 al ong
the servo sFIG P peyides asgeperalirgd representadon ebore efi the disss 406 of ths disee| d 166

(FIG 8) di S . e radi us .of the 20 disc 6., Accordingly,
the fr equep@lg&eafébmﬁévé%é]?I[‘?ied}é@&\rﬁg%?’ﬂ%'ﬁrgéﬁlg'nsegfoo?%las| © (ffr%“gh%l&fser nost servo
field 164 igessinaetiaint62), ledciDEeeds Siriptdoaiprisify the eervenatormagsh hMizeartyt e t he
servo information stored in the innernost servo field 166. The manner in

whi ch this the sprvefcircals| #8adtasrplerenisedeash of theodistsel Ofi prefesatdyl has 78

15 servo strips on each of the disc surfaces.

As shown in FIGS. 6-8, the servo strip 162 has a substantially uniform
width with respect to disc radius, so that a servo field 164 (FIG. 7) disposed at
the outermost radius of the disc 106 along the servo strip 162 is substantially the
same size as a servo field 166 (FIG. 8) disposed at the innermost radius of the

20 disc 106. Accordingly, the frequency at which the servo information stored in
the outermost servo field 164 is substantially greater than the frequency used to
write the servo information stored in the innermost servo field 166. The manner
in which this is preferably accomplished will now be discussed.

Referring to FIG. 9, shown therein is a functional block representation of

25 the disc drive 100 in conjunction with a servo track writing (STW) system 170
utilized to generate the constant density servo strips shown in FIG. 6. As with
conventional STW practices, the aforementioned disc drive printed circuit board
is not attached to the disc drive 100 during the STW process in order to facilitate
access to various components of the disc drive 100 by the STW system 170.

30 With the exceptions noted below, the STW system 170 generally



Referring to FIG 9, shown therein is a functional block representation of
25 the disc drive 100 in conjunction with a servo track witing (STW
system 1% odifosd¢ zed to generate the constant density servpcpigeghgrehown in
FIG 6. As with conventional STWpractices, the aforenentioned disc drive
printed circuit board is not attached to the disc drive 100 during the STW
process in order to facilitate access to various conponents of the disc
drive 100 by the STWsystem 170. 30 %lth the exceptions noted bel ow, the
STWsystem 170 generally WO 99/09546 PCT/US98/11739 -11 resenbles simlar
STW syst ens Tesemties pipiiler SAW systens oftheipriorast anducontaimsyoarénis sompandrits ar t o

t hose skill L0 the art. . Accordi ngly, a general overview of _the

System 170 Vim0 Syl SRR Her gy chesti s he g6t $ WAl
features of syl FOMAYEELBE bieilel| afhs WHiSKE URSRA el Speliticia® ¥nirBs 6 G 9,
the STWsystem 170 conprises a base 172, such as a granite block having a
cal i brated ghe $AVesysmdA0yatlbedistsssednechani cal  reference for the STW

system170. The djsc driyv [ ted r tive to the se 172 using a
conventq1 onal rmurA‘? ﬁ'ﬁ"‘f'} Wte'fjlrjcg%ar[ﬁ%gg e ﬁé@F%@BﬂFeéoa p@&ﬂgﬁafq‘i‘aﬂsl y at
174) . A cl oseg- h{in@ Rl | ' 10 the disc
ST e 106 SuHtanROPIOBRBALipE] o&ggﬁﬁma%éG‘Blggrls{e@%ggfgt%hﬁ@gﬂs 120 (FI G
1) during t hrefefeniédé foothe STW Fsgstemel %X, eThedist deive @00 t9 moumed s¥iativimolthe

preferably includes a pusher pin (represented schematically at 178) which
ext ends upwdieh Y72 RHRS A GRNEEOPAlBOWHEIE (i BTscHiTangemaR, (represerledi n t he base

deck 102 in - ge X . ar . of .t he actuator
assenbl y 1169%%%'205% ’a ??ﬁg ’ 1%%%32%&0%3?0%&%%%%0éﬁ%l t(ng.aorsgdP%ltlweﬁlbsi tion
of theltheadshé@idc drive 190tahe tizThise 17 ¢ E6ntrd) thepeditiBasethedrh@L1 20 (KIGOt

separately designat edé detects the position of the pusher pin 178 in order
to provide ddseneitigopTWoptocess. 1l rgfesenceethe positioning sysigas 1 ioprefeshblyi ve t o

t he di 1 | . | Lioni system s as,.l76_._has bee

comer oi al 1y s iblAes SinfBebcteRgs WnSial a3 ER it Bred il ai
I'nc. of SanttroBgh Baberesyedidgodpentg (HoSsHdwiuenectase Abdle102 iEélaedf) ogi es for
controlling the advancenent and position of the actuator arns 116 are

known in t héngige thoaetuatgs armed Ko o dy of thetcpeaton asserdblyeldi0 @hG1 1x4hé on
15 pusher pin 178 advancing the radial position of the heads 120 during the STW

process. A laser based detector (not separately designated) detects the position of
the pusher pin 178 in order to provide closed-loop control the placement of the -
heads 120 relative to the discs 106. A suitable positioning system such as 176
has been commercially disclosed as Model No. 137K15, manufactured by

20 Teletrak Inc. of Santa Barbara, California, U.S.A. However, other
methodologies for controlling the advancement and position of the actuator arms
116 are known in the art. One such methodology involves the direct application
of current to the coil 113 (FIG. 1) by the STW system 170, thereby utilizing the
VCM 114 of the disc drive 100 to position the heads 120. In such a case a laser

25 based system observes the radial positioning of the actuator arms 116 through an
opening in the base deck 102 of the disc drive 100.

The STW system 170 further comprises a control circuit 180 which is

operably coupled to the positioning system 176 and the disc drive 100. The
control circuit 180 directs the operation of the positioning system 176 and

30 transfers the servo information to the heads 120 in order to write the servo strips



of current to the coil 113 (FIG 1) by the STWsystem 170, thereby
utilizing the VCM 114 of the disc drive 100 to position the heads 120. In
such a c¢ ser 25 based system observes the radial p@siticagi of the
act uat orazft)r?@%%G t hrough an opening in the base deck 103%15@51:9{%&99 )

di sc.drive 100. The STWsystem 170 further conprises a control circuit 180
which is operably coupled to the positioning system 176 and the disc drive
100. The <control circuit 180 directE-the operation of the positioning
system 176 and 30 transfers the servo information to the heads 120 in order
to wite théuskaydoZof FiG. YoeichaF4ke HETs 1060 STHel d@firol cirZuif $8@h as 162 of
FIG 6) on eachof tuge dt:jécs 106.%%h%ﬁco_ntrol circuit 180 .emul ates a

subst ant i al SHYRIGSSSUGFapHA POEiRn plothe feRcjiopality 198 the disc driys pripted Gitewit ci r cui t
board in or t; I r ' ' f '

acconpl i sh tg%[erd lﬁlroiﬁ?cirrr% Co toﬁg&se (rah‘ré g??ﬁf%srcgrd@aﬁoﬁﬁ&ﬁy(ﬁlg Itﬁgfc'éndﬁ ﬁgtdr?eot ation of
t he spi ndl ewnitingrof 1elsesva infotnirion| imchiding o rofacios ef v dpiidié rRtdroN04t o t he
heads %20. As_ di scusgeed bel ow,  the contral circuit 180 further

comunPcat edndherragsier of khencarp mdaramsiey ta e heagls 140 Asidisgassed helow,
af or emment | OfipdoflrBFkirdifafbe Rt AS RN Rk withG ciddk ndda REIHAPTea COMPUL €1

(PC) 184 is fturt provided to contr e over operati o of the STW
system 170 whithtincladesvibe aforementionediclocRdkead!$26 (asrshewhas FIGAS). 18 desired,
the control circuit 180 can be configured so as to reside in an expansion

sl ot of t heP$eoIRE20MBHICE L R4S fhxthaT RERYidedia eantiob thereverad] operatiaef or e
Chder et ood PEESTW ALk Oounfio e 00 dflerfiohiilichr ifdtracer AL 1] T1P3L P

e. .
under st ood nann Si m or e pri‘or art, the

cl ock 10headdds#ed] theicoaesl eiftuithrdough behenhased d6 ek tORGMeNd ah28p&Ricks to be
adj acent the 15 extrene, outside edge of a selected surface o? one of the

di scs 106 atlonofithgiP4l 184 ssican ba mumpindcexternadbolodthe®his (not desi gnated i n

t he draw ngs) of e discs. 1086. ce.l ocated he con circuit 184
nstructs he of B B Soe BB peSion G tomtr el SRR 1B AT Btk head
126, a cl ocke ﬁﬂic&@é{o&ﬂﬂiaﬂ_ﬁn%Qhﬂﬁfe?@inﬁlh&fag‘lf)@rféﬁnedi'iﬁh@Bﬁbf oft, fhelcfobkt 180
causes rotation of the discs 106 at a selected rotational 20 speed which is

nomi nal | y theadsiafes inseried dweunghsthe ddseadeckivpehing 1238 seray o be adjecantthiecon wil | be
writt 5 Theextrcelng)e? l%)uEsri ecelﬁgg %?Ersiel%gt%d %ur%g&uo oCn% o(%ftheallitsgsr P(%t ziltnagradial

position beyond a recording band (not designated in the drawings) of the discs

106. Once located, the control circuit 184 instructs the clock head assembly 182

to write, by way of the clock head 126, a clock track on the selected surface as

the control circuit 180 causes rotation of the discs 106 at a selected rotational

20 speed which is nominally the same rotational speed at which the servo
information will be written. The clock track comprises a sequence of alternating
pulses at a selected frequency which are subsequently read by the clock head 126
to generate a reference clock signal used to control the timing of the writing of
the servo information to the discs 106.

25 As discussed above, in accordance with a preferred embodiment the
present invention the servo information is written to the discs 106 at a varying
frequency to achieve a constant bit-density, which means that the frequency at
which the servo information is written will vary with respect to each of the tracks
on the discs 106. Thus, it will be appreciatéd that the STW system 170 cannot

30 use the fixed frequency reference clock signal read from the clock head 126 as



pul ses at a sel ected frequency which are subsequently read by the clock
head 126 to generate a reference clock signal used to control the timng
of the Whibbélghsed the servo information to the discs 106. ppulss/dhscussed
above, in accordance with a preferred enbodi nrent the present invention the
servo information is witten to the discs 106 at a varying frequency to
achi eve a constant bit-density, whi ch nmeans that the frequency at which
the servo information is witten wlt 3vary with respect to each of the
tracks on the discs 106. Thus, it wll be appreciated that the STWsystem
170 cannot SDCMOtWFétefql%‘é(cﬁquuémYef% agletragke nMioTedVsEKiL 4§ desitiabledhat, A% om t he

| ock head Ond G a8 3.7 | ock
1(‘:r gauengfll ftj)lfg%ea Xﬁ ac a%ﬂ reogryo §F‘§ %?cgélélllﬁébiég'%gﬁig 'M ?#1 atcﬁeogri or
art, each ofoftthesdod \smﬂsl(ahcd;Sas(mCdT HE. 15§ﬂave1ﬁ§dxag eﬁgéﬁhaﬂar%)ang&laﬁ ch of

the servo strips (such as 162 of have I ng edges that are
angul arly aliggedbd. 5 Accordingly, FI G 10 provides a functional block

di agram of the co 180, . whigch a i ned bel ow enerat es a
vari abI e fr equenc‘g ﬁa'ﬁ‘gﬁ'\nﬁ#eﬁo PEQVidas ﬁ'&%‘?ﬂf@gﬁ’l géllkasg ?1369(5% WRs of the
variabl e freggRqgos S A Pfauféd%kow ﬁé}a&.bs vhtiX§id ffeq ofElS Y d Ghied ence

cl ock. For purposes of clari conven I onal portions ‘of the control

circuit 180 cﬂmkenrﬁqﬂmsealncks lmidi‘ng@dgd?sl @ thé Qarishle firej0emyrseevat writeadloglor t i ons

bei ng utlllze the rotatign of the spindle nptor 104, the
posi ti oni ng "6‘F efc ’&F@t%%&“&?cyaﬁ%eﬁcf@?%% FﬂreP‘ErPQ?FéfoéFlaéﬁy’t spaversiang!

| nf or mat! on doidlorcthd enhdirc1 80 haVl'bedh SRINEN i FAGOE6 Huch? @ known

nmanner . erence to rererence c S| gna from t he

cl ock maad mssanimlnyl pditiond bdthgutiBzddstopoattolithd romation g dle sparidie Adort 0 a
phase | ocked Ioop 15 (PLL) 188 which, in response thereto, outputs a
pattern cl odi®4sthgrRasitioning of the apHaor ag@ﬁél%@@ﬁ thegrans{er i yheoseryd gnal pat h

shown) S0 HAHRRGT IERAEs 108" EFSR Gl Gt s kRGle BEREES D1V, 1 o

of the frequency Wﬁthtrb&rmE&@F[GCl@Cthe réfereic§ 6168R SignADfrémf tHe block@kesyv, t he
pattern generator 190 assembles and 20 outputs the servo information to be

witten to tasgemtdy J82of &ilGs 9 (s prayided opesignal path 186 to a phase locked loop
15 (PLL) 188 which, in response thereto, outputs a pattern clock signal to a

reference generator 190 by way of signal path 192. The PLL 188 preferably
includes divider circuitry (not separately shown) so that the frequency of the
reference clock is a selected multiple of the frequency of the pattern clock.
As discussed more fully below, the pattern generator 190 assembles and
20 outputs the servo information to be written to the servo fields (such as 164, 166
of FIGS. 7-8) on output path 194. In this regard, the pattern generator 190
operates in a manner similar to pattern generators of the prior art, in that the
pattern generator 190 provides the necessary data to write the AGC,
synchronization, Gray code,_ index and position field information stored in each
25 of the servo fields on the discs 106, at the rate of one-half track at a time (i.e.,
each servo field is written over two rotations of the discs 106). Unlike pattern
generators of the prior art, however, the pattern generator 190 is provided with
the additional capability of writing this servo information at a frequency indicated
by a servo write clock signal provided on input signal path 196, generated as

30 discussed below, and outputs a zero pulse reset (ZPR) signal on path 198 to



of FIGS. 7-8) on output path 194. In this regard, the pattern generator 190
operates in a nmanner simlar to pattern generators of the prior art, in

that thew®sddogign generator 190 provides the necessary datp%—[t,lg)sg\g;rﬂ‘;t_@ t he
AGC, synchronization, Gay code, index and position field information

stored in each 25 of the servo fields on the discs 106, at the rate of
one-half track at a tinme (i.e., each servo fieldis witten over two
rotations of the discs 106). Unlike-p&ttern generators of the prior art,
however, the pattern generator 190 is provided with the additional
capability oropsrlyttime) thenwriting of) thejsafvor fields. oAcmrdmgiy,ehmpatmyn gnnhr@tat ed by a

t k I ded th 196, t ed 30
it seussed. PR b 5 eRh o S SEtamrtitle SRt & St hTs i 108 co
VID 99/ 09546 oBieF khiSHB cirbdidy conﬁgume&eﬁaemtfbmewﬁmg&és! MheQeridle Servo

fields. Accordingly, the pattern generator 190 can be constructed froma
pr ogr anmabl énfaimatiwmonttpus| dnepath 494 isaqprevided o the preamp/dhiser &nmnldei rcui try
configyrati eful for these purposes. The servo informatiqgn output on
path 194 i s Kb qHich BeReFRICE e JRGTSaH Jeite GUrreRts o £aabls thepicad 120 19 ch
gener at es t RRitP AEERSH fWmd®n Y ihEtS 169 enable the head 120 to wite the
servo information to the disc 106. Control inputs are additionally shown to

be provided to tKengal inpnts argedditianadly shd@nliy ba peovitdedto the patgror 200 ( by

way of signal path which controls the operation of the pattern :
gener at or 156““?*8? 1%&%&@&?88'01 Pllﬁ’éesé%g(?%(byl‘ﬁ@b?%%%@ﬁw )éher controls

remai ning p ( cmq?, nner
simlar to '?ﬁg%-(ggﬁle (ﬂ% %:tont ro B;r%etéggg Q‘%ggb f(‘%‘lc—2 %ﬁ%n&%&%?wﬁr&f}?or
exanpll®, pr pwicdssog 200 durtiet esa@oly rempining porticmu@et sHosvro if mist eontidt or 104 to

rotate the djscs 106 at the sel ect ed rotational speed. The control
processor SR A3 I D MRNNST iBHAtY thy RfrtB%F‘éférQld’ﬁoqeéS%IB@(ﬂﬁtFrIG} 2for the

pOSi 1l 0. SYSLORT iR GEb o lnd Bk HRARGS ddok BnBiE AfS, (FI G ).

Menory (I\/E rovi ore prograrmm e control

processor 20}04 tergaedhiadisys 1060itahd Ssllectéd r&ﬁﬂmal—r@ee@n%afcﬁn&&l@rs&"sv& wite
clock signal on cﬁath 196, a digital to analog converter (DAC) 206 receives

a digital iRPYURIGHPRAIYSETYSS (R PIOEde joprieyeh 6ortEpltfopthe positioning system
15 176 (FIG. 9) and interfaces with the PC 184 (FIG. 9). Memory (MEM) provided

to store programming utilized by the control processor 200 is generally indicated
at 204.
To generate the servo write clock signal on path 196, a digital to analog

converter (DAC) 206 receives a digital input value on path 208 from the control

20 processor 200, with the digital input value being indicative of the desired
frequency at which the servo information is to be written. The DAC 206
converts the digital input value to an analog form which is provided on path 210
to a voltage controlled oscillator (VCO) 212. The VCO 212 outputs (on path
214) a clock signal having a frequency determined by the analog input on the

25 path 210. A relatively small timing delay is applied to the clock signal by a
tunable delay block 216, the output of which comprises the servo write clock
signal on the path 196. Thus, during operation the control processor 200
establishes the variable servo write frequency by contrdllably varying the digital
input value on path 208 in relation to the radial position of the head 120 (with

30 respect to the corresponding disc 106). The DAC 206 should be of sufficient



20 processor 200, with the digital input value being indicative of the
desired frequency at which the servo information is to be witten. The DAC
206- conwas dgiobde digital input value to an anal og form whpctrusss/provi ded
on path 210 to a voltage controlled oscillator (VCO 212. The VCO 212
outputs (on path 214) a clock signal having a frequency determ ned by the
anal og i nput on the 25 path 210. Arelatively small timng delay is applied
to the clock signal by a tunable de‘Ilé'y bl ock 216, the output of which
conprises the servo wite clock signal on the path 196. Thus, during
operati on t Kesoluionitg|fagilitatethe diesipesbrange pyen whish she different isemyoaveiEer vo write
frequency b ' | Qi |.n | ue on path 208 in
rel ation t0¥H%§'H;¢%@!s%ﬁ@p%’rse¥?:%?@%jffo?%g&k%é@?&rw{e(%%‘%shl 0 respect to the
correspondi ng di S fidher extplginPACopRBtiGheLhe cieuidlof FIGT 16) £fmiMD 99/ 09546
PCTI US98/ 11739 -15 resolution to facilitate the desired range over which
t he diff er ediagsamnas soir forth byckFlét Kl 1f previides graphical repraseniationseef thetimdagh t r ack
on the (di scsf106. TQ fairthgrt ex af%itﬁ thet\. op(ﬁﬁtion of thet.ci rcuit of FIG
10, a i m ngT VAT ARRAIL U o ABPRY S WEltEE of fhe,petyo pformstioh ca)
represent at ipapfeuirlyt, Gt '1miQGQnteElnﬁlfateﬂaafs'r@#&‘%séﬂtiﬂ@%§ﬂﬁﬁ§_othhé Siryate the
witing of the servo information. Particularly, FIG 11 is contenplated as
r epr esent i ndiethd6GUHIG. 18y wifich;, e désenssed abo, ds didposed laGtheShnevmoshradiss

di scussed ab?ve, I S di.sp]]%éteg: t the innernost radius of the servo strip
162 (FIG 6Pt e ervosripi o (FIio0k a portion of a pattern clock signal 220
whi ch is 10 obt aipgd ' G 26 (FIG 1)
and is provided thG. tlggfr%?$%%9ﬁ§ g%%?&iﬁg% CS(;\}?aS?%ﬂa%?EzqggﬁL or

ref erdfce, bbaidedrthropgtithgoperation ofthEclatk Head PRO(FEH Bgmidris previded-taxi s 222
I ndicative of elapsed tine_and a y-axis 224 indicative of signal

anpl i tude. HePaticEy aenfEdtond Y hyie RathnP2 e Fpp referemae. 1the timing\djagiamy of s

det er mi ned a ' L onal. | ch ] vigded to the
pat tern gendiGt o FEBER AedthirafioCoE 02 WAl R raplleint JpdRIACT | ¢

val ue appl i g4 isdi¢dive0hGige@baaplitale control processor 200. A zero phase
reference (ZPR) signal 228 is further shown in FIG 11, the ZPR signal 228
generated by t he ThatTeauangyet orhieh theissovosfield J 6 de pritten is determined by a

15 servo write clock signal 226, which is provided to the pattern generator 190 (via

path 196) in response to the digital input value applied to the DAC 206 by the
control processor 200. A zero phase reference (ZPR) signal 228 is further shown
in FIG. 11, the ZPR signal 228 generated by the pattern generator 190 and output
on path 198 in order to initiate the writing of the servo field 166 at the

20 appropriate time.

The ZPR signal 228 is a normally low level signal with periodic high
level reset pulses, one of which is shown at 230, with each reset pulse initiating
the writing of a portion of one of the servo strips (such as 162 in FIG. 6). More
particularly, the reset pulse 230 includes a rising edge 232, a high level portion

25 234 and a falling edge 236, so that when the ZPR signal 228 goés high, the
operation of the VCO 212 (FIG. 10) is temporarily suspended; that is, the servo
write clock 226 takes a low state subsequent to the detection of the rising edge
232. Although FIG. 11 shows the servo write clock signal 226 to already be at a
low state in its cycle when the rising edge 232 occurs, it will be understood that,

30 should the rising edge 232 occur when the servo write clock signal 226 is at a



on path 198 in order to initiate the witing of the servo field 166 at the
20 appropriate tinme. The ZPR signal 228 is a normally low | evel signal with
peri odi cwi) Blpesdsevel reset pul ses, one of which is shown @raR0s1Mkd h each
reset pulse initiating the witing of a portion of one of the servo strips
(such as 162 in FIG 6). Mrxre particularly, the reset pulse 230 includes a
ri sing edge 232, a high level portion 25 234 and a falling edge 236, so
that when the ZPR signal 228 goes hil$h, the operation of the VCO 212 (FIG
10) is tenporarily suspended; that is, the servo wite clock 226 takes a

| ow state shigBstteHt ity eycld dhei¥MCAR 212 wild complete the ipandiag ggcle 28fore Al t hough

FIG 11 sho t he..servo It.e clock signal 226 to already be at a |ow
state in itegﬁl@%ﬁrgy\%sé’ﬁnﬁg 15908y ge 232 occurs, it will be understood

that, 30 shoul d ftRenrdesiois @d0fMe DBRCAGE BE thehDdult B FI6! YO iV infliakd @sk si gnal
226 is at a WO 99/09546 PCT/ US98/ 11739 -16 high state ini1ts cycle, the

VCO 212 wi | wrisiognof eresserrefigld dd6rag timeot) whinhfio definddebypaseledted risingedpei ng its
oper at pon. ill be noted tha e.objective of e circujt of FIG 10 is
to initiat eﬁ%‘\g ‘lhﬁnpﬁﬁ?rﬂgctl%?‘ sl 2207 3%b dhepimssaet Qneﬁééet PisF A0S def i ned
by a sel ect@tnhbeithds@98%ritd cR3B shaf P55 Qaimtﬁ[cnthglc%lkir%&ﬂﬂé s{r%Q-daJ;hus, the
purpose of the reset pulse 230 is to enable the servo Ite clock signal

226 to i nitdtdime Lheo thadbrikinpgdgd 24Mef therservodwtite clatk 226morhimallgo t hat ri si ng

edge 240 of the.,servo wite clock 226 nom nall coincides with the rising -
edge 238 of ARSI S 1ising rdge; 3389 he pattqrp CB%HéFgI’LaBZZ%CE‘b%‘FY% this, the

dge 238 . ! f
rising edgegatpilh i defishe gg%@%iépﬁhg%gﬁg PsfI9so & pid\RehGdeflicgmoUNt Of

time before tinme to, suc exanp erm nunber o cl ock
patteit® cycimesunpef ame tefioreasnd gdsuchtae dobexakiple M grezidgemadd minbehef pattern
clock signal 220. The tim ng of the falling edge 236 of the reset pul se
230 is furtHerk PRUEIREYE Befors Ha s dndipated/borsing q%seéé%%ﬁ@epaétsm@lpcbn such
that the fisrigﬁalrzhﬁ.i ng 15 edge 240 occurs at to. As will be recognized,
VCOs such as represented at 212 typically do not commence operation

i nst ant aneous| y Thoiméngedtl tReéiling bdie 238! dTahe rdsedplilse230 Brattheranount of time
to initiat eseﬁa?:?eiiatg ieggﬁle ttlnei \S/'CtOI 2r’r1% t%eéorr?mgnr::gl;)gg}aggrll iltlc!hcthat the first rising

15 edge 240 occurs at t,. As will be recognized, VCOs such as represented at 212
typically do not commence operation instantaneously upon enablement, but rather
require a small amount of time to initiate operation, this time being characteristic
of the construction of the VCO. Accordingly, because this time can be
determined through evaluation of the VCO 212, and because the time between

20 rising edges 242 and 238 of the pattern clock signal 220 is known, the pattern
generator 190 can readily determine the required pulse length for the reset pulse
230 and provide the falling edge 236 at a time sufficient to obtain nominal phase
lock between the pattern clock signal 220 and the servo write clock signal 226 at
time t,.

25 Referring again to FIG. 10, it will now be recognized that a small
correction loop is provided to ensure that the servo write clock signal 226 (on
path 196) is correctly synchronized with the pattern clock signal 220 (on path
192). As shown in FIG. 10, the loop comprises a phase detector 244 and a loop
filter 246. During operation, the phase detector 244 is enabled with the falling

30 edge 236 of the ZPR signal 228 on path 198 and outputs, via path 248 to the loop



of the construction of the VCO Accordingly, because this tine can be
determ ned t hrough evaluation of the VCO 212, and because the tinme between

20 ri si ngypshams4242 and 238 of the pattern clock signal 228-i/6sdenay#, the
pattern generator 190 can readily determ ne the required pul se length for

the reset pulse 230 and provide the falling edge 236 at a tine sufficient
to obtain nom nal phase |ock between_the pattern clock signal 220 and the
servo wite clock signal 226 at tim7t9. 25 Referring again to FIG 10, it
wi |l now be recognized that a small correction Iogg is provided to ensure

that the sefiltsr ¢#6.tasignaydprdisatiyieaf tho physgerrosbetvernghe pdges23B8and|240.

synchroni ze 0 at h 92). As shown in
FIG 10, thgLh 16 {ég%p#)ﬁ%@ﬁga%?fggor?eg@%tg% EF% %H’D ﬁ“&‘]blﬂr filter 246.
Buring oper a{eﬂwwdglye;umﬁme dabe it Srder ffprovidRbin dﬂfuhh'QB@ tb 8&d therg 30
edge 236 of the ZPR signal 228 on path 198 and outputs, via path 248 to the

| oop WO 99/ deley ®f HeTdelmoblock 236 su mwmlwto@pmpqmteafos |tlgn@hasernlrarat ive of the

phase error bet 240. e i1t 246

cunul at’i vel ﬁ&%ﬁﬁ?@s% f?&ggﬁ%géﬁgggﬁ6§1rec5‘?nv§’]yrﬁ’?r§rsg“ o‘EIoI ogy) the phase
error in Orgéﬁtlﬁtﬁuﬂ?%’ljlﬂédas@ dsrw%lnﬁﬁuz@ﬁ{efbr&@@e&er ﬁ@&ve&ﬁ&e ﬁlﬁhgxdg th

del ay bl ock 216 sufficiently to conpensate for this phase erro

t he del ay o238 hed 340 af ths pm:ﬂcrrizdleck signall 220i and| the vervy vaite |clockrsigrial 226,

conti nuousl¥ aAus ed so as to mnimze the phase error between the rising
edges. 238'&R ‘of the pattern clock signal 220 and the servo wite

cl ock si gnal 226perspRgaely 816, 120URHA BRLARY ibufk Gmibd iy therein is

anot her timng diagra 10 representative various sig used to

i ni tidle theeptesentanige of vhtieusssgnads udedftorimeihieahe oitingeofiks seavstri ps of FI G
6. Mre partlcul arly, FIG 12 has heen rovided to rePresent steps taken
to initiatel® ﬂ’é’annt‘ioﬁge 8#rve §E1RS A Gy 6o Motemarggulagty F1G. cdigens

oo eat iViadoSnfeddl ¥R laie) %o RAYE 154 Wifiak F 1 serjvc?blo%{(tléé off 11 be

recogni zed," re i3 I'C e Servo will 15
be substant Fig] y, @hﬁ:ﬁtlemspbm dt filee (nttQQtaGHQYOf&he ¥diiv6 Briphp6 256 FIG g ock 166 is

witten, but otherw se the sanme general approach is used.
As will be recognized, the frequency at which the servo block 164 is written will
15 be substantially greater than the frequency at which the servo block 166 is
written, but otherwise the same general approach is used.

As shown in FIG. 12, a portion of a pattern clock signal 260 is
represented against an x-axis 262 indicative of elapsed time and a y-axis 264
indicative of signal amplitude. The pattern clock signal 260 has the same

20 frequency and is obtained in the same manner as the pattern clock signal 220 of
FIG. 11, and is likewise provided to the pattern generator 190 on path 192.

A servo write clock signal 266 is also provided in FIG. 12, thé Servo
write clock signal 266 generated in a manner similar to that of the servo write
clock signal 226 of FIG. 11, except that the servo write clock signal 266 of FIG.

25 12 is at a substantially higher frequency than that of the servo write clock signal
226. This higher frequency is obtained through the inputting of a larger digital
input value to the DAC 206 by the control processor 200. For reference, it will
be noted that the timing diagrams of FIGS. 11 and 12 are generalized - -

representations and that the actual frequency variations between the servo write

30 clock signals 226, 266 for servo fields 166, 164 at the inner and outer radii of the



As shown in FIG 12, a portion of a pattern clock signal 260 is

represented agai nst an x-axis 262 indicative of elapsed tine and a y-axis
264- i ndiwgibd/ee4e0f signal anplitude. The pattern clock si ggalyssg@i73gs the
same 20 frequency and is obtained in the sanme manner as the pattern clock
signal 220 of FIG 11, and is likew se provided to the pattern generator
190 on path 192. A servo wite clock signal 266 is also provided in FIG .
12, the servo wite clock signal 268B-generated in a manner sinilar to that
of the servo wite clock signal 226 of FIG 11, except that the servo
write cl ockdisfdRamayde differmnEthapshat shpwniafor gxamplet ima praferyedhi gher frequency

than that o | | oc ignal ..226. This higher .frequency is
obt ai ned th%@hgﬁﬂﬁﬁé%ﬁ%%ﬁeﬁlﬁg r%}gléﬁ f g}eg%?tllaq Gf gxglservionlgﬂ{m\?gpﬁésqﬁgn& he DAC
206 by the gisdiit 26| mépaBE®s AMHZI QP theHaher @RE DN &R dikd 106 lip to BSour8bed that the
timng diagrans of FIGS. 11 and 12 are generalized representations and that
t he actual MiB4aktheyouserrtadius owith tlag frequenth éineashyincroniented @0h bhlfck si gnal s
226, 266 f(é}%%esrvo fields 166, 164 at the inner and outer radii of the WO
99/ 09546 PCTftis98/ 11739 -18 disc 106 may be different than that shown; for

exanmple, in a pr Ns%iﬁ?ﬁl&?ﬁ?qunﬁ@tis filrfifer HERGARNG ML haRASPRISE rdstie Wi ting of

the servo information is from about 25 negahertz (MHZ) at the inner radius

of the di sc(ZR) ugnal @68 which BoOludss& phiralithieof wesee pulsesdions of wihidh ishe f r equency
l'inearly ingrenent ch half 5 track. wWith FIG 11, G 12 is further
provi ded w fctf?“é{l %‘eﬁg : gﬁfes@s?té‘é’&e 2%2?’%?“@‘1%%‘5\“32‘58 Wi"cgh"f{:thﬁ FHies a
plurality o t ; b . t pul se
270 is usedﬁ?lgel?ﬁi at[ ?gtegﬁ‘?dhtelﬁ\?vr%l ﬁdnlgﬁgggt%gs?g?\%@zﬁbﬂz@g?é%gp Blzﬁ)gesi red

time 10 and27sandialéadling edgei 2V9. edgordingly, duting bpératien theaidingadge@727¢f and a
during operation the rising_edge 272 of the

falling edg Accordingly,. g

ZPR si gnal gxggl?% S‘;SPB]\,#%e‘a Pi"‘%v‘ﬁ"@s‘ﬁdﬁ%“%t%a sdecied eingiedgsd/ahke278 of the -
pattern clo i t [ OR i ! of the
Voo "2tz ThmepPlock 260, i ERBOREY SHURRRBS Pty cheletfn BN CE 0Ll oo
the VCO 21212.c¥hs falling bdpes2iiovef the ZPR <ifitut R68 isgtisabuetl§ enablesittieci VACO a fir st
rising edge 280 at. 15 tine to concurrently with a correspondi nggri si ng edge

282 of the %b?t,tCéPﬂng: thegervo write clock signal 266 to initiate a first rising edge 280 at
15 time t, concurrently with a corresponding rising edge 282 of the pattern clock
signal 260.

Turning now to FIG. 13, shown therein is a flow chart for a CONSTANT
DENSITY STW ROUTINE 300, illustrating the steps used to write the servo
information to the discs 106 of the disc drive 100 in accordance with the
20 foregoing discussion. It is contemplated that suitable programming stored in the
PC 184 (FIG. 9) and the MEM 204 used by the control processor 200 (FIG. 10)
can be readily provided to carry out various functions specified by FIG. 13.
As shown by block 302 of FIG. 13, the disc drive 100 is first mounted to
the STW system 170 (FIG. 9). The control circuit 180 next instructs the spindle
25 motor 104 (FIG. 1) to rotate the discs 106 at the selected rotational speed at
which the servo information is to be written and the clock track is written to a
selected disc 106 by the clock head 126, as indicated by block 304. As discussed
above, the clock track enables the fixed frequency pattern clock signal (such as
220, 260 of FIGS. 11-12) to be provided on path 192 to the pattern generator

30 190. A conventional index marker is included in the writing of the clock track so



signal 260. Turning now to FIG 13, shown thereinis a flow chart for a
CONSTANT DENSI TY STW ROUTI NE 300, illustrating the steps used to wite the
servo | Wosngkieon to the discs 106 of the disc drive 100 parassmeasnce
with the 20 foregoing discussion. It is contenplated that suitable
programm ng stored in the PC 184 (FIG 9) and the MEM 204 used by the
control processor 200 (FIG 10) can ge readily provided to carry out
various functions specified by FIG -9 As shown by bl ock 302 of FIG 13,
the disc drive 10,g is first mounted to  the STWsystem 170 (FIG_ 9). The
control ci rasuptfaditste, ascprate detegrrination af disiangnlar position pbthexdises(106G.~ 1) t o
rotate the gl sel ected rotational speed at which the servo
informationéuls O@%@W ir{){égsﬁ and the clock track is witten to a selected
di sc 106 by the ThomitidleacolRfite dsck frequeate ek fiakt béleakd Idck 366,di scussed
above, the clock track enables the fixed frequency pattern clock signal
(such as 29woughgistesmination of the appropriatp digitabnpye ¥alyp to he BpplgEd todhe he

2
Witing of Pho 2y ct0L BRRKSRE PAGE K AR uBBl bl ' Bt 6, )
facilitate digralriape vafiescah Baipredeteriinddcananedted in BRSfolth QT a0hblkhif (il scs 106
during the STWprocess. The initial servo wite clock frequency is next

sel ect ed, bM&EM 2066 Thetheadsi§20 asttbemporitionsd byf blotie30% ptr thpmppitopridiegi t al

rnput value_ to be applied.to the ..5 206 by the control praocessor 200.

It is conte ?’3% z%cagﬁﬁtrg]f’ﬂ%e Pa‘?f&éhstﬁf ?ﬁ?c'gﬁuﬁglas iahé\frtm‘\ﬁﬂ?é%r"égr??%e

predet er m ngeksaind. SAO AR donvédRnhos | & id fThe heads
120 are then Sosi tioned by BI ocli1 30Fgwg§p??lﬁeﬁ§bgrl%g?l?tgl?glawsal\%%?aﬁln%f | ocati on
rel at i¥e t ahe kervdiisfosmaGén os gadh afsthatischet ogiven madits walllbe waittenttefordi scs

106. As wit onventignal STWoperations, it_is contenplated that all of 10
the servo itH'F g‘F‘?ﬂiﬁrBﬁg‘éﬂ?C ‘iBh P‘{Sﬁ‘ér RinS!78- athus. gngach paipeliadiasent pe
witten befQe& 106he | . s, on each
pai r of adj acentd6’ d?ltgg%q?%%gqrcaggér/g{;glg%é@%é&?&%egl@nﬁ% rﬁ@ns;ﬁ%}l@%ﬁi nder wil |l
be noni nal Ibutahd spmeal fieldswn thése tsaeky wvill ibeladgularly offsste tracks will be

angul ar | of fset, Once.the heads 120 have been_ initiall ositioned by the
opgr ati o% of Once the heac?s 12% have been 1nitially positioned by the %pe?ration of Y

15 block 308, the first half track of servo information is written to each of the discs

106 by block 310. During the operation of block 310, the locations for the
leading edges of each of the servo strips (FIG. 6) are identified relative to the
pattern clock signal 220, 260. The reset pulses 230, 270 of the ZPR signal 228,
268 are output as required to initiate the writing- of each of the servo fields at the

- 20 proper angular locations using the servo write clock signal (such as 226, 266) at
the selected frequency.

When all of the servo information at the first position has been written,
the heads 120 are advanced by the positioning system 176 to the next radial
position (in this case, the second half of the first track) by block 312, after which

25 the servo write clock frequency is incremented, block 314, and the next half track
of servo information is written to the discs 106, block 316.

The routine of FIG. 13 next passes to decision block 318, which
determines whether all of the servo information has been written; if not, the
routine continues back to block 312. Thus, the operations of blocks 312 through

30 318 are continued until all of the servo information has been written to each of



15 bl ock 308, the first half track of servo information is witten to each
of the discs 106 by block 310. During the operation of block 310, the

| ocati on e |leading edges of each of the servo strippgafsba/f373P) are
identifiél ?@P%thi ve to the pattern clock signal 220, 260. TﬁfeS reset pul ses

230, 270 of the ZPR signal 228, 268 are output as required to initiate the
witing of each of the servo fields at the 20 proper angul ar | ocations
using the servo wite clock signal -@8uch as 226, 266) at the selected
frequency. Wen all of the servo information at the first position has been
witten, thedisentl,afer whichatly amuind entdy att hieckpd20.t i oni ng system 176 to the

next radial positi in this case, the second half of the first track) by
bl ock 312, afte tW#Bﬁg%gf"ﬁ%‘fg@%“RP‘?‘?‘E“é&Yfé‘RagFroé(ﬁ'ﬂFeHWe’}tén‘f%P’énent ed,

bllock 314, ;affl ddaRicasKdisd'dreh thdt %Egor?&‘;:avéﬁﬁﬁfg forthe 194 deO0F dser Qﬁtht ten to the

di scs 106, block 316. The routine o I next passes to decision block
318, whi ch Fodekampiende ditveiOteof EIG. Gitilizimg s@rstant dersity wetviomstripsawilbeen
witten; if not, the, routine continues back to block 312. Thus, the

oper ath ons Z6ReTRlly, ggauirs phovt3Q dess serveiayertiead gioh: RBRRBOThOf theisc of t he

SO e SO BB SRisbivb ol Baflf BiiPho BV BT Rl wipP! L1739

-20 the discs 106 the routine ends at will be

r ecogni zed at batpared itonder prévrtaradisans@oe FiG. Bhe present invention is the
addi tional disc area that becones available for the storage of user data.
For exanpl e, thd\lHioagh agmalsphaseerrer Wil existihegvechrsstninfQramsion WIdistyo stri ps

Wil S geng% ?#jlaé/en'i ﬁglli’—iuraglésggﬂiz% w???{?n! fd%%rs%@félf? PXe%L{S'ﬁggox(rhzm%e foAPOUt  30% of

t he disc ace area u ore sServo It ntormatron W now be

avai |1l e fgimpleecortpitad) simufatiofTpaile Quigest that, Fo Odisedrivdiwiéh 1dRcof FIG 3.
Al t hough a smal| phase error will exist between servo information witten
t o adj acendiamater afrahous9.59 gentimgters @otd iadhas).s@Sycoatrpicdensisy v&rvper f or mance

11 10 SR g K £52 At SEn S5 D, THAPRES A Pl 80Pt 11,
density serydius §dred 4aitdelock Frrghencsd oF 20 NHEC ke RAUCESH dRpIaGdd &9, 500 tracks
per inch) and an inner radius servo wite clock frequency of 20 MHZ, the
reducti on camapisHite gemstqngdrequency servo) of recovered servo information will be
15 around 0.02% and the cumulative timing error for each servo field will be around
250 picoseconds, which are well within the servo control capabilities of existing
servo circuits (such as 148).
Moreover, it will be recognized that the AGC and synchronization
information in each of the servo fields (such as shown in FIGS. 7-8) will enable
20 the servo circuit 148 to be properly configured to receive and decode the servo
information from any servo field in the servo strip 162, provided the servo circuit
148 has provided with sufficient bandwidth and resolution to accommodate the
frequency range over which the servo information is written, which is well within
the ability of those skilled in the art to achieve. For example, read/write channel
25 adjustments to accommodate frequency variations in recorded data are presently
performed in disc drives incorporating zone based recording, such as taught by
United States Patent No. 4,799,112 issued January 17, 1989 to Bremmer et al.,
assigned to the assignee of the present invention.

Finally, whereas the discussion provided above has been directed to a

30 constant bit-density recording methodology so that each of the servo fields in the



conpared to constant frequency servo) of recovered servo information wll
be 15 around 0.02 % and the cumulative timng error for each servo field

w I} be @igudss6250 pi coseconds, which are well w thin theseryeeRetrol
capabilities of existing servo circuits (such as 148). Mreover, it wll
be recogni zed that the AGC and synchronization information in each of the
servo fields (such as shown in FIGS. 7-8) wll enable 20 the servo circuit
148 to be properly configured to reddrve and decode the servo infornation
fromany servo field in the servo strip 162, provided the servo circuit
148 has pr S6TPUriRE havesa prifernelengha idivirerdily peatemplated thap non-dingarc onmodat e

the frequ r i t servo ibpftormation.is w.iiften, which is
wel | v ¢ i nRCe R SO witd O PEQRREY ol op BBV SpBlied 62 o
exanpl e, r eptimird 6ve bpétaednal bhaaldteiséts nﬂ@eh@in?%@mmé_j@qﬁiréh@ﬁl'é%@ﬁy
variations in recorded data are presentiy performed in ‘disc drives :
i ncor por at i AYeIanplicatiee dFereeampla ghe figquenss conldgre vasied sorasttedaBeahes Pat ent
No. 4,499, i ssued Japua 17, 1989 to.Bre r et al., assigned to the
assi gnsge o?va; lﬁﬂ’eo ?ﬁ?gﬂts{}%%%f%‘ﬁe. fﬁFh%lﬁ}‘}efmee%e&mﬂlﬁi%eg%% provi ded
above has hpsigedi rected to a 30 constant bit-density recordi ng nmet hodol ogy
so that each of the servo fields in the WO 99/09546 PCTI US98/11739 -21
servo strips havccardinglyoimvieengftthe foregoiag désadssion it ovill ereadgnikzet hhit
non-linear ,increnents in servo ‘i\“ tg, clock frequency could

frraiedio afs

. ) be
al t er nat i vei§PIESEIY IRYFNtign iy diregis Gé‘r’dﬁéﬁ’%f‘iaér’:prWaﬂéét"@tﬁ@iq cs,
dependi ng hicf R OtV PRI P X | e, the
frequency %ﬁébﬁuéﬁgwg{iﬁso a;inf[?)‘:x)-mgté%rgg sﬁﬁga’s&\?\jsgﬁiﬁ ‘gf"“éﬁg‘é‘r‘@% strip to
decr edbse f rcontrohtheipositiontod ah lagsooiateelr head di 20) with fespés o tiesdisglesi r ed.

Accordingly, in view of the foregoing discussion it will be recognized that
the present i nvetlt€i$RYq Biermationdywrigten ap frequencydhqtsyasies fer eaghyragkvi ng a

rot atabl e [ : [ Q] i i red, the servo
ot or mt ort GBE4ist B4 Y BN R & R, W eRITRRE TS Xt BOER b To0)
Wi t h respediorh antiliveer do 46 oufeh didmtsrcofi thé AisoBedchlseive WFip IchRPridinga f requency
that varies for each track on the disc and is arranged as a plurality of

servo stri plurghiyf sspyafiglds g164adp@), legeh servo field defining a track on the disc.
15 Preferably, each of the servo fields is of uniform length.

It will be clear that the present invention is well adapted to attain the ends
and advantages mentioned as well as those inherent therein. While a presently
preferred embodiment has been described for purposes of this disclosure,
numerous changes may be made which will readily suggest themselves to those

20 skilled in the art and which are encompassed in the spirit of the invention

disclosed and as defined in the appended claims.



froman inner to an outer dianeter of the disc, each servo strip conprising
a plurality of servo fields (164, 166), each servo field defining a track
on the dizgseenhsuePr ef erably, each of the servo fields is ofpcyRisb§iitsd engt h.
It will be clear that the present invention is well adapted to attain the
ends and advantages nentioned as well as those inherent therein. Wile a
presently preferred enbodi nent has been described for purposes of this

di scl osure, numerous changes may bé2made which will readily suggest

t hensel ves to those 20 skilled in the art and which are enconpassed in the
spirit of {Haimsayventi on  di scl osed and as defined in the appended cl ai ns.
WO 99/ 09546 PCTIUS98/ ainms: . 1. .A.disc d for. storing and
retrieving user 1dat a&({lgsg%rnlvg? rgonﬁg SB%fertB?‘fl%PVré% tCPE‘RHB'Iné magneti c
read/wite head;a @ﬂdoﬂam?tpahﬁbh@léihﬁgnai& 16hd/GhitS REAE ahdf Or mation is stored
to facilitate 5 positional control the read/wite head with respect to
tracks defi ned agetatahde disg on whighsarve dnformationgs storedster facilitaté or mat i on

witt at a different freguenc di.sc, driv. wherein the
ser voeslnnf ormation is POFHPRY CO BX]é?fZ‘Qe§?P§1§E’EFﬁf?e§F|VVSH§ﬁE§°éFR UpGkS_ densi ty on
the disc. 3. The di s@eflhdd/én Ble didRicRHradMREAgHHE RENISHIRmaREPT Mati on i's

stored on the disc as a plurality of radially extending servo strips, each

servo strip conpri siwriftea aslaidiffeieny/frouemey.vo fi el ds, each servo field
defining a selected track 15 on the disc, wherein each servo field is
substantially the same | ength as neasured al ong each correspondi ng track.

4. A disc drives, comme b @i A emthe erd8 iMBHRIGEL ekl O mat i on

is stored to define a plurality of nomnally concentric tracks on

surf dde of at heultantially tonstdnt bitsdensity omflerdist.i on arranged as a plur aI ity of
servo fields so that each of the servo fields on the surface is
substantially the sane |ength;

3. The disc drive of claim 1, wherein the servo information is stored
on the disc as a plurality of radially extending servo strips, each servo strip
comprising a plurality of servo fields, each servo field defining a selected track

15 on the disc, wherein each servo field is substantially the same length as measured

along each corresponding track.
4. A disc drive, comprising:

20 a rotatable disc on which servo information is stored to define a plurality
of nominally concentric tracks on a surface of the disc with the
servo information arranged as a plurality of servo fields so that

each of the servo fields on the surface is substantially the same

length;
25
a controllably positionable read/write head adjacent the surface which
reads the servo fields; and
a servo circuit operatably coupled to the read/write head which controls
30 the position of the read/write head in response to the servo
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25 a controllably positionable read/wite head adj acent the surface which
reads the servo fields; and a servo circuit operatably coupled to the

read/ wri {y& fpsyewhi ch controls 30 the position of the reasdmpusdsarfead in
response to the servo TH S SHEET HAS BEEN REPLACED WD 99/ 09546

PCTI US98/ 11739 -23 information read by the read/wite head. 5. The disc
drive of claim4, wherein a portion_of the servo fields are associated

wi th each of the nom nally concent r#¥ tracks and wherein the servo 5 fields
associated wth each track are witten at a frequency that is different
froma frequency at IHArEMionEsad by jhe read(writedsadci ated with an i mediately
adj acent track are witten. 6. The disc drive of claim4, wherein the
servo circuit is 10 characterized as enbedded servo circuit so that both
user data and s6rvo TheldcrarivedT ciim 4\rwhdrein 4 portibe of tid eeo fiklds e di sc,
and wherein the servo fields are arranged as a plurality of radially

ext endi ng 8ispfigedwith packafdheineminglls soneentric tragksrasd ayhereinghe sarver di anet er
gLEE.?ngA'SS @Efé'&tap t%ﬁe}é&%ﬁ egceht ffac t:Prtra E\'\avdrit eef\ltzi/t\% requ%géya at gs Cﬁhléll'e?n? fr011115a THI'S

frequency at which the servo fields associated with an immediately adjacent track

are written.
6. The disc drive of claim 4, wherein the servo circuit is
10 characterized as embedded servo circuit so that both user data and servo

information are written to the surface of the disc, and wherein the servo fields are
arranged as a plurality of radially extending strips which extend from an inner
diameter to an outer diameter of the disc with the user data stored between
adjacent strips.

15
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