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ii e NETHOD AND SYSTEM FOR ACCURATE SELF- SERVOAR TI NG
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| NVENTI ON Cross Reference to Related Application

This application is related to U S. Patent Application Serial No.

08/ 349,028, filed on December 2, 1994, fromwhich continuation in part
U'S.. Patent Application Serial No. 08/405,261 also stens; U.S. Patent
Application Serial No. 08/348,773,. filed on Decenber 1, 1994, from which
one divisional application stens; and U S. Patent Application Serial No.
08/ 028,044, filed on March 8, 1993, ftom which three divisional

appl i cations stenh one haV|n%§gssued on Janua%% 16, 1996 as U. S Pat ent

No. 5, 485, 322 STEMe FORPESWRATE, RELESSERVOURITINGor por at ed

by reference. Field o n rel ates
generally to data st oraggq %&#@Mgﬁé?% %t}érb;cdggggﬁ?[)achi eved by
positioning a transducer relative to a storage nmedi um posi-tioning being
controlled by a servo systemin response to positional information. Mre

particularly it relates to asacxegesnd of skrdrnveneporr atus and nethod for
witing positional information to the nedium “Increased | evel s of
storage capacity in storage devices such as hard disk drives (optical or
magnetic, for exanple) and
Cross Reference to Related Appllcat1on

This application is related to U.S. Patent Application
Serial No. 08/349,028, filed on December 2, 1994, from which
continuation in part U.S. Patent Application Serial No. -
08/405,261 also stems; U.S. Patent Application Serial No.
08/348,773, filed on December 1, 1994, from which one divisional :
application stems; and U.S. Patent Application Serial No.
08/028,044, filed on March 8, 1993, from which three divisional
applications stem, one having issued on January 16, 1996 as U.S.
Patent No. 5,485,322; all commonly assigned herewith and

expressly incorporated by reference.

"Field of the Inventign

The invention relates generally to data storage devices
wherein data access is achieved by positioning a transducer
relgéive to a storagé medium, positioning being controlled by a
ser§6 system in respbnse to positional information. More
particularly it relates to an improved disk drive apparatus and
method for writing positional information to the medium.

Increased levels of storage capacity in storage devices such

as hard disk drives (optical or'magnetic, for example) and



? renovabl e storage nmedia (renovabl e disk or renovable tape drives, for
exanple) are a direct result of the higher track densities possible with
voi ce-coil and other types of servo positioners as well as the ability to
read and wite narrower tracks by using, for exanple, nmagnetoresistive
(hFQ head technol ogy. Head positioning is accurately controlled using
pbsitional information stored on the disk itself, as in dedicated and
enbedded servo architectures. Conventional servo-patterns, e.g. in
an "enbedded servo" disk drive, typically conprise short bursts of a
constant frequency signal, very precigsely offset to either side of a data
track's center line. The bursts precede data regions of the track and are
used to alremovaebdieadtwidalgyer aggeat (remdvablea atilsk oentremova&biyi tigpe ndit vk,
center is required during both reading - and witing for accurate data
storage arfPT &Xamp)Al). agengedinert reamlpof fthe dighpretrackidenritins data
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round, e.d., as a resulf of spin I p and/or

expansi on.fois d:ﬁiﬂiﬂ@ ogﬁagaé\:aaeesstgvargm)dexeaaalnbehndlsgydr | viésad and
i ncreased track densities, the accurate placement of servo data nust also

i ncrease [pogddritondmgt disy accuratesgr conticnld ek @sipgvpasibhanal imfoxmation
costly dedicated
stored on the disk itself, as in dedicated and embedded servo
architectures.

Conventional servo-patterns, e.g. in an "embeqéed servo"
disk drive, typically comprise shoxrt bursts of a constant
frequency signal, very precisely offset to either side of a data
traek's center line. The bursts precede data regions of the
track and are used to align a head with respect to the track
center. Staying on track center is required during both reading.
and writing for accurate data storage and retrieval. Since there
can be, fo?xexample,.sixty or more data regions per track, that
.same number of servo. data areas are preferably distributed around

" a track to provide meens for a head to follow the track's center
line as the disk rotates, even when the track is out of.round,
e.g., as a result of spindle wobble, disk slip and(or thermal

_ expaﬁsion. As.technology advances to provide smaller disk drives
and increased track densities, the accurate placement of servo
data must also increase proportionately.

Servo-data are conventionally written by costly dedicated
servowriting equipment external to the disk drive equipped with

large granite blocks for stably supporting the drive and quieting



fservowiting equi pment external to the disk drive equipped with |arge

granite blocks for stably supporting the drive and quieting

3 external vibrational effects. An auxiliary clock head is inserted onto

the surface of the recording disk to wite a reference timng pattern, and

an external head/armassenbly is used to precisely position the

t-r ansducer. The positioner includes a very accurate |ead screw and a | aser

di spl acenent neasurenent device for positional feedback. Servotracks are

witten on the nedia of a head disk gﬁsenbly (HDA) with a specialized

servowiter instrument. Laser positiohing feedback 1is used in such

i nstrunents to read the actual physical position of a recording head used

‘to-wite edternedygibreitdonal effpchssadimwcl GTys SLP6kwWPPREr §Ssuch as

t hose described is that the% require. a clean‘{ponhﬁn ironnem% as t he di sk
f e
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difficult such Serv Iters fo I nvade the 1 nternal environment of a

HDA for SgyaPWd tpreedi2e39UsestikeoiiDifiet bramedwesr. armhecyposadiogey smal | and
depend on their covers and castings to- be in place for proper operation.

Sone HDAsindlrddsnaf aery, ascaratkee leadesorelv tand endasesf displasementr edi t
card. In view of these chall enges, a disk drive able gg gggform

sel f - ser veagunenent sigvd cee forc PRAASLSRL fredRaglto fETVALRAF this

ol - aor P e Pre BB BB PG O Po BB GLTD ST, JibR) with a
specialized servowriter instrument. Laser positioning feedback
is used in such instruments to read thé'actual phygical poSition
of a recording head used to write the servotracks. - -

A disadvantage of servo writers such as those described is
that tﬁey require a clean room environmént, as the disk and heads

. will be exposed to the environment to allow the access of the

! externaljhead and actuator. Additionally, it is becoming more
and moreidifficult for such servowriters to invade the internal
environﬁengﬁof a HDA for servowriting because the HDAs themselves
';re'exceedingly small and depend'dn their covers and castings to

‘be in place for prope?~operation. some HDAs, for instance, are
the size and thickness of a plastic credit card.

In view of these challenges, a disk drive ablg to perform
selﬁ;servo writing would be tremendously advantageous. However,
this approach presenﬁs a new set of challenges. Specifically,
self-servowriting systems are more prone to mechanical
disturbances. Moreover, because of the interdependency of

propagation tracks in self-servowriting, track shape errors

introduced by mechanical disturbances and other factors may be



ti st urbances. Moreover, because of the interdependency of propagati on
tracks in self-servowiting, track shape errors I ntroduced by mechani cal
di sturbances and other factors may be
4 amplified fromone track to the next when witing the propagation
tracks. Thus a self-servowiting systemnust be able to wite
servopatterns with a high degree of accuracy to neet the stringent
requi renents of high density disk drives. Servopatterns consist of
bursts of transitions located at intgrvals around the disk surface. In
sel f-propagation, the radial position signal that is used to servo-contro
the actuator is derived from neasurenents of the readback anplitude of
pat t er ns ampdti filkede finom vae durtkgta phevierts wheapwefiting therpoopagation
process. Tha&ﬁis, he bursi edges of  a witten track _co i se a set of

g a h&s
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position urst writing ppea I stortrons away from a desired

circul ar seraelgenitaRequitbfen®sVeE CRIGK Ueritsadisk dbevagluator to fol | ow
the resulting non-circular trajectory-.in a next burst witing step;, so

that the newSesxvopatieenar consistitof damtstesnofr érhpsithgng viacated at
cl osed- 1 oop response of the servo Ioog) the errors present in the

precedinén§F€WP1&Saﬁ@PPda§th?%ﬁE Hi - st@psetfnpEqBRImFIOn, dehth step in
momor v~ FABIBIIPoBT R BABPAL FaRE 1f B FSoB FRESREETEF ThE SEAFTbop.
is derived from measurements of the readback amplitude of
patterns that wefe written during a previous step qf the
servowrite process. That is, the burst edges of a written track
comprise a set of points_definiqg a track shape that the -servo
controiler will attempt to follow yhen writing the next.track.
Thus, errors in the transducer position during burst wfiting
appear as distortiqns away from a desired circular track shape.
The.serﬁb controller causes the actuator to follow the resulting
non-circulgb trajectory in a next burst writing step, so that the
new bursts are written at locations reflecting (via the
* closed-loop response éf the servo loop) the errors present in the
preceding step, as well as in the present step. Conseqﬁently,
each step in the process carries a "memory" of all preceding
traqk shapg exrors. This "memory" depends on the particular
closed-loop response'of the servo loop. '
Effects that result in track shape errors include, for
example, random mechanical motioﬁ and modulation in the width of

the written track that results .from variations in the properties

of the recording medium or in the flying height of the



Effects that result in track shape errors include, for exanple, random
mechani cal notion and nodulation in the width of the witten track that
results fromvariations in the properties of the recording mediumor in
the flying height of the ' 5
transducer. Uncontrolled growh of such errors can lead -to excessive
t¥ack non-circularity. In sonme cases, error conpounding my even lead to
exponential growmh of errors, exceeding all error nmargi ns and causing the
sel f-propagati on process to fail. C@;sequently, sel f-servowiting systens
must. provide a neans for accurately writing servopatterns while
controlling the propagati on of track shape errors. One self-servo
writing refarriycery sdingsadrodledi godweh afesudhgerneriocan, 4eads58o t o

Aiver eteaé. whi ch teaches ggtiniz tion_of track sgacing. Head

posi ti oni T ?%s’a‘&%i“e‘ife‘g‘ NPT TFYLRSMF Ry TThAP8e. CRFPSr, ®Bh8%of the movi ng
read/ wit ' It Qne tpmanll P Lt | nge of
cad ur |t Eokiliaiohy OS] VAP doadl codelbdiing P okifth b8 bhfoEande of
ref er enceetdédeding aJil &IicY HakgdnBeaR@NEABANY tABPELEdBropadystion, X% is
selected that enpirically corresponds .to the desired average track- _
density. piteesmiqfdidad Consdequeatly; sdelfesenryowritiagkspatiens masspl aced

away fromthe first -stop limt until _the anplitude of the signal fromthe
first refRFRtRe 13 MgaANS; fory @csyraselw, witing sgrvgpaktesnpl vYRid®. A second

{he: hoad TeRaid g Bk HreBdeakn RETEF K aMbRBnCERBEP  Cho anpl i1 ude of

si gnal One self-servo writing method is disclosed in United States

Patent No. 4,414,589 to Oliver et al., which teachgé optimization
of track spacing. Head positioning is acﬁieved in the folldwing
manner. First, one of the moving read/write heads is positioned '
at a fifsﬁ stop iimit in the_range of movement of the positioning
means. The head i; useq to write a first reference track. A
predetermined percentaé; of amplitude reduction, X%, is selected
that emgirically corresponds to the desired average track
density. The moving head reads the first reference track and is
displaced aﬁay from the first'stop limit until the amplitude of
‘the signal from the f}fst reference track is reduced to X% of its
briginal amplitude. A second reference track is then wiitten by
the head at the new location, read, and the head is again
dispiaced in the same direction until the amplitudé of signal
froﬁ the second refefence track is reduced to X% of its original
value. The process is continued until the disc is filled with
reference tracks. The average track density is checked to insure
that it is within a predetermined acceptable range of the desired

average track density. If the average track density is too high



fromthe second reference track is reduced to X% of its original value.
The process is continued until the disc is filled with reference tracks.
The average track density is checked to insure that it is within a
predet erm ned acceptabl e range of the desired average track density. If
the average track density is too high '

6% or too low, the disk is erased, the X% value is appropriately |owered
or increased, and the process is repeated. If the average track density is
wi thin the predeterm ned acceptabl e ange, the desired reduction rate X%
for .a given average track density hasS been determ ned and the servo witer
may then proceed to the servo witing steps. Thus while Aiver provides a
nmeans f oor posotlan nchd ki dkedds eralseligi the tX% tedlote hisy dppriopriatehe

grow h of errors during the radial propagation. U. S. Patent Nos.
4,912, 5761e¢enh RN eRFBE A2 RN thei prece’s i3 rereatede Ft kbE8s for

witing a _servo-pattern with a disk rive's o air. of transducers. Three
Cypes o REFEASS beTAsTh gtk dy W snia tha AT AR SRS, SSEgRAPE LPnat
provi de %aﬁ%éi%ﬁ%%eéﬂé&@'ré&%&%narékﬁpﬁ df@fzecé‘ iv%rnOQereE:h gakrhgx

vel ocity. anz observes that the signal level froma transddcer- 1s a

measur e OodensStyl hge Bddn Wdtdermiped atd! She podivg Wafiaes @ag thent beodesd.
For exanple, if the-flux gap sweeps only forty percent of a pattern, then

t he read tol|thgesertd welitiog stepscenfChusfwhilke Ol iivege proviides ebmeanabl e
when the transducer is aligned dead-center with the pattern. Janz uses

this phentPeReEbloning ttheh hesdsnedds L8318 tradRachy harh tor 1iRitethBer set

and growth of errors during the radial propagation.

U.S. Patent Nos. 4,912,576 to Janz and 5,448,@29 to Cribbs
et al. describe methods for writing a servo-pattern with a disk
drive's own pair bf transducers. Three types of servo-patterns
are used to generate three-phase signals that provide a
difference signal having a slope direct%y proportional.to
velocity. Janz observes that the signal level from a tfensducer
is a meqéure of its alignment with a pafiiqular pattern recorded
on the disgb For example, if the flux gap sweeps only forty
percent of a pattern, then the read voltage will be forty percent

of the voltage maximum obtainable when the transducer is aligned
dead-center with the pattern. Janz uses this phenomenoﬁ to

| position the heads by straddling two of three offset and
stagéered patterns along a centerline path intended for data
tracks. In a preferred process, Janz describes a dedicated servo
architecture wherein one side of a disk is reserved for servo and
the other side for data. The disk drive includes two transducers
on opposite surfaces that share a common actuator. To format an

erased disk for data initialization, a first phase servo is



istaggered patterns along a centerline path intended for data tracks. In a.
preferred process, Janz describes a dedicated servo architecture wherein
one side of a disk is reserved for servo and the other side for data. The
di sk drive includes two transducers on opposite surfaces that share a
common actuator. To format an erased disk for data initialization, a first
phase servo is 7 witten on the
servo side-at an outer edge. The transducers are then noved-in radially
one half of a track, as indicated by the first phase servotrack anplitude,
and a first data-track is recorded dn the data side. The transducers are
again noved radially inward one half-of a track, this tinme as indicated by
t he firstwrdaiten backhanpkiriodeidandt aasenietd pidase STheotravsducers et ded
on the servo side. This sequence is repeated until both surfaces are
entirel y then movedrfint yadfaklyroneochabh\oft madivacks easwindieated fey sk i s

reformatted with a slight adj ustnent to the steﬁ wi dth, as determ ned by
the trackigin®hase,seryAETarkKamplitudey, ansean HErtmtpta WFIFk 2 entire

conpl i menle f ddld* B’ khe ﬁgégegiégg;’g&_-ﬂ%ﬁé&}rx}s%%egﬁt ,Qirngﬁgfn Andvd ased in

preparation To recel ving user unately e’ met hod scri bed

by Janz sROW18S iawdedi 6abefallk skr Sarfand,f ehizetyabr askendichtsw Heads
wor ki ng in tandem Moreover, transducer flying height wvariations, spindle
runout, esiee skt datarsratknamplitade c@andia secaddaphpsei sexvotrack is

determ nations that rely on a sinple reading of off-track read
si gnal ampreqardesl opr the gervaeshdes Bolhequengeeds rapsated sunpkil, hpth o

therefcne;dr é%%%uggg L%%i?é?? written. If too few or too many tracks are

written, the disk is reformatted with a slight adjgétment to the
stép width, as determined by the track count. Once-the disk
drive has been formatted with an entire compliment of properly
spaced servotracks, the data-tracks are erased in preparation for ;
receiving user data. Unfortunately,!the method described by Janz
requires a dedicated disk surface for servotracks and two heads
working_ﬁn tandem. Moreover, transaucer flying height:
variationsh:spindle runout, gnd media inconsistencies can corrupt
radial position determinations that rely on a simple reading of
- off-track read signal.émplitudes. Prior art methods do not
address these issues and are therefore inadequate for high'
performance disk drives applications. _

_fCribbs et al. teaches a hard disk drive system with self-
servowriting capability comprising a rotating recording disk,
transducer in communication with the disk surface, servo-actuator
means for radially sweeping the transducer over the surface, a
variable gain read amplifier (VGA). coupled to the transducer, an

analog to digital converter (ADC) coupled to the VGA, an erase



per formance di sk drives applications. Cribbs et al. teaches a hard
disk drive systemwith self- servowiting capability conprising a rotating
recordi ng di sk, transducer in conmunication with the disk surface,
servo-actuator neans for radially sweeping the transducer over the
surface, a variable gain read anplifier (VGA) coupled to the transducer,
afi analog to digital converter (ADC) coupled to the VGA an erase

8 frequency oscillator coupled to the transducer for DC erasing of the
di sk surface, a nenory for storing digital outputs appearing at the ADC,
and a controller for signaling the sefvo-actuator to nove to such radial
positions that result in transducer read anplitudes that are a percentage
of previ opgegfecBét HibSr IR kol Pné Nl Hiddr TRF¥ODE: erasingAGRI N,
the problemof growmh of errors I's not specifically addressed by C?lbbs et
al . The rehereénsk swifscé hal nienaly Wotlt btorintydilgicalabuspngsf appeatimgg
hei ght variations is a source of track shape error that inpacts the

sel f - propébath%nA%¢oc@%% a pondimeddgar dorssignakingd the ®RrvR-efkeetext e
revol uti ons of the i sk.are used to S?ROth th serv errgr control signals

so as to MPEAUER s?ﬁﬂn??ﬁfaknﬂfsﬁﬁiPﬁér @t sk gngerGaF oF 8%t or e
each Stepaﬂ%lﬂﬁ&éé‘gt O 3:[%1%%5%5 1%/1%\}{,% k‘ije)édt % f"é&&g Wi dt h

nodul ati o ar ge enou to result i n excessi hunting" occur

W t hin anyepﬂgsaﬁepimftﬁbndmgﬂualtm@aorypart|cularly since wi dth -nodul ati on
" is a secondary effect conpared to on-track readback nodul ati on, and since
a prelimnary Again, the problem of growth of errors is not specifically

addressed by Cribbé et al. The referencé_notés that track width
modulation arising from flying height variations is.a source of
track shape error that impécts the self-propagation process. A
procedure is outlined in'whigh three extra revolutions of the
disk are used to smooth the servo error control signals so as to
reduFe "hunting” and ”d;thering" of the servo actuator before
each step of writing:propagation-bursts. It is unlikely that
traék wi&th modulation large enough to result in excessive
“hunting"hqbuld occur within any one step of burst writing,
'"particﬁlarly since width modulation is a secondary effect
‘compared to on-track readback modulation, and sincé a preliminary
step in the Cribbs -process is to reject all disk files'ﬁaving
excessive oﬁ-track modulation. It is more likely that, in
accofdance with our experiences and detailed analysis, intrinsic
track width modulation tyéically appears at the level of only a
few percent of the track width, but through error compounding
track noncircularities grow to much larger levels. It is also
apparent that a sign?l discernible in the position error signal

of a high gain servo loop is indicative of an underlying track



stepdn the Cribbs process is to reject all disk files having excessive
on-track nodulation. It is nore likely that, in accordance with our
experiences and detailed analysis, intrinsic track wi dth nodul ation
typically appears at the level of only a few percent of the track w dth,
but through error conpounding track noncircularities growto nuch | arger
lcevel s. It is also apparent that a signal discernible in the position
error signal of a high gain servo loop is indicative of an underlying
track 9 shape error far greater
than the error signal itself. This f3l1ows fromthe fact that the position
error signal is nerely the residual part of the underlying_ track shape
error thashgRe esseyofppopreatenntme the PELPEWSIIARY, 1%(%9’8*? evi gt y

suggest ed, | bbs' procedure for adj.ustin arget _anpli s, W ack
fol | owi nngﬁ%Vﬁe§r98 EhBotAct h‘éh?J‘bs'%}ﬁ é’ﬁsgﬁSP ISEEL S}é#%ﬁel%\ﬂﬁéx\?%fl%h t he
under | yin r . e o] | owierdd et ed.
Even assuieg iR RECPEEECbE PORENRC VIR EEFck SR O e e

| oops, whiggkvbS 18Bpi WBEYunaBEe SB6 Ut DIbWAr OFRae] as pfevbissky siggested,
unattractive because three extra revolutions of the disk are reqaired at
each stepCiribbsé procedsreCboxecadiusting targetapppditudeswrbke (tgack
servowite tinme and.raises the inplenentatiqn. c

\ ost . o) nl
assi gned B9810BARGNANABBRPEFP OFERTR AIaGOR1L48Ro85To8 S LRA bat 9 (NS 6P
descri be oplbn® thuChb-09s RYSLEME. MU 2¥RLCaBBehE £6 0K Ghistayyiescri bed

pr obl ens.

hidden, not eliminated.

Even assuhing that the smoothing method works for all types
of servo'loops, which is unlikely, the solution proposed in”
Cribbs et al. is unattractive because three extra revolutions of
the disk are required at each step in the process. Consequently,
this approach doubles the servowrite time and ra%ses the
implementation cost. .

Cthonly assigned U.S. Patent Application Sérial Nos.
08/349,6282and 08/405,261 describe self—éervowriting systems
which overédﬁe the previously described problems. Head

- positioning is achieyéd by first writing a reference track, e.g.
with a plurality of propagation bursts, then moving therhead to a
next poéition while reading the reference track until it is
determined that the amplitude of the-readback signal has been
red;ced by 5 predetérmined amount; The determination is
preferably made on a sector-by-sector basis in a two-step -
process. First, the signal amplitude of each burst is compared
with a corresponding normalization value measured in the same

circumferential position of the last written track to obtain a



positioning is achieved by first witing a reference track, e.g. wth a
plurality of propagation bursts, then noving the head to a next position
while reading the reference track until it is determned that the
anplitude of the-readback signal has been reduced by a predeterm ned
amount. The determnation is preferably nade on a sector-by-sector basis
lztn a two-step process. First, the signal anplitude of each burst is
conpared wi th a corresponding nornalization value neasured in the sane
circunferential position of the |ast itten track to obtain a

10 propagation burst fractional anpliftude. This current value is then
conpared to a reference value for the . sector, and the difference is used
as a posiprapagatiom diupsdl frRES)iohed amR]HPdeor TS GNETestt MBlRgads
position. The PES is also stored for |ater_use. Thetnor mal hzgggon val ues
are updat'dfn FonRatehdR P RRTEreSTe Valwe | P WS RASt2Ari 8A% &8I uti on.
Updat i ng eve i e r 8Bch PrE\daus| C e

pr opagat i%iﬁf %Ifes'{éle alrfgpﬁ%éﬁ%%} ? r g)%s? r%%éﬁ to t€as?\l§ ic(%Elg?o?Pgemtaﬁgng

nor mal i Zatd QFect/@dnie Sed HHé headapysitgone. Orhe IHES I hAisghstvaedatosn and
nodul ati on of the magnetic properties of the disk or other causes. New
r ef er encelatdriasses e Bes moxalalilzattddnf valees lexe apdat@g ifegy epeh newly
nor.mal i zati on revol ution and incorporate the stored PES Vil\?

the ef f edriitendiraghy iy #cmosmasdd zatigh TeFRRtHom, oUPEaY ge?ﬂgngg%%\’/e
L e ot S Kbt P Pormed pRAVIORE1Y WA oY YEoBalaeRofiobhest! Ve
amplitudes from track to track which provide the normalization
values tend to vary due, e.g., to fly height variation and
modulation of the magnetic properties of the disk or other
causes. New reference values are also calculated for each track
during the normalization‘revolution_and incorporate the stored
éES vélues and have the effect of réducing track shape error i
growth. Preferabfy, the néw reference values each comprise a
nominal reference value plus.a corrective value calculated from
the preﬁioggly stored PES for each sector. - In addition, the
servo 1oop.is designed to have a closed loop response which
. causes track shape eq?ors to decay, rather than grow, from one
track to the next. A drawback of the proposed scheme ié that
track-to-track updating of the normalization and reference Qalues
" adds 'time to the servowriting process.
| Accordingly, whét is needed is a self-servowriting disk file

which the preceding problems of accuracy associated with self-

servowriting while providing acceptable servowriting performance.



the previously stored PES for each sector. 1In addition, the servo loop is
desi gned to have a closed | oop response which causes track shape errors to
decay, rather than grow, fromone track to the next. A drawback of the
proposed schenme is that track-to-track updating of the normalization and
reference values adds tinme to the servowiting process. Accordi ngly,
what is needed is a self-servowiting disk file which the preceding

probl ens of accuracy associated with self- servowiting while providing
acceptabl e servowiting perfornmance.

Summary of the Invention It is the principal object of this invention-
to provide an accurate and tine-efficient nethod, and systemfor self-
servowiting wherein at |east SonBaFeieh dfee IPYPREIORed to position the

Lransducer | o-ppdal o J Of, SO 0U 0L Bk enfl LRRALEACKS pobeabr Apten.

The reference € nornalization values, the "f"

refer encea<¥€+i-'§é?] £id e CHINYMES mdEREd t ndlafy@itn EothselE- reference
val ues, nanely the nom nal average reference values or the corrective

val ues t OséheownDEi g wiiieyiag et dfeaisenone vee ferenke vadiuer ssed bval-ue(s) are
dependent upon at |east one predefined indiciumof transducer __position,
such as thesihpontthie wfansdugen ra updatedafomcions gent ngbt athedofr bhta
witten track when the transducer

) IS _position t he track a_first

erbod nenFEAGERIAES dip Ort LkeTor Svisncetesants (eytee Bl atrsr s sredeles e
track wri Hx?n o?@ﬁfz&io% a1dd{eEHAVReT rOf o X SIKES vAf1URHTORBES A8t er m ned
by an expec eﬁ rack- : _

components used to determine the "f" reference values, namely the

nominal average referenée values or the corrective_valugs to the

nominal average reference §alue. The reference valge(s) are

dependent upon at least one predefined indicium of transducer.

position, such as the amplitude of#the normalized readback signal

obtained from a writﬁen track when the transducer is podsitioned
on the track. In a first émbodiment, updating of the referencé
value(s) is performed at every Nth track written, where N is a -
fixed n&mbg; or range of numbers determined by an expected track-
to-track vﬁfiation of the indicium. The sexvowriting system may
. be designed to dynam%?ally increase or decrease N during |
servowriting in response to actual variations in the indicium.
According to a second embodiment, updating is only performed when
needed,-e.g. when the variation of the measured in&icium between
two“written tracks (hot necessarily adjacent tracks) exceeds a
predefined threshold value. For systems employing dual-element

heads, servowriting accuracy is enhanced by performing a read

head adjustment prior to updating of the reference values.



to-track variation of the. indicium The servowiting systemmay be
designed to dynam cally increase or decrease N during servowiting in
response to actual variations in the indicium According to a second
enbodi ment, updating is only performed when needed, e.g. when the
variation of the neasured indiciumbetween two witten tracks (not
nécessarily adjacent tracks) exceeds a predefined threshold value. For
systens enpl oyi ng dual -el emrent heads, servowiting accuracy is enhanced by
perform ng a read head adjustnent priiw to updating of the reference

val ues. 12

Description of the Draw ngs -For -a fuller understanding of the nature
and advant ages of the presbpakcripeivn @t the Dehwingst he preferred node of
use, reference should be made to the follow ng detailed description read
in conjuncti ofof 8hfukdezcupdpunatending Hf the nature gpd advanrtages sk

di agram ;-a sel f - ervomﬁgging syste sui tabl e éor éact-ciqﬂ t he present
i nvent i off'® Presept  inyentlgn; ﬁér% 1350 S0P PERGETHEY rBPAT | BhsHiF bet ween

pr opagat LakeLLaeks shdh$k ﬁS%Q%? e@t?gffrpé %"i?%kﬂg &?ﬁ{iéifeé rh@scri'ir%tion

self-servowiting systemsuita ~practicin e present ention
Fig. 3A iread ihovodjageaival with ORS| £cddmPaagingt @pawings A

sel f-servowriting systemsuitable for practicing the present i nventi on;
Fig. 3B is a Fligekldiagaablotkudiagxampf aheedfesenvewnitinmg sysiidm
TSV O L RS  EET praetiSing "tis present 1hvention; O

Fig. 2 is a diagram illustrating the relaﬁionship between
propagation tracks, disk.secfors and propagation bursts in a
self-servowriting system guitable for practicing the present .
invention; | _

Fig. 3A is a flow diagram of the bésic process steps for a
self-servowriting system suitab%e for piacticing the present
invention; |

Fig. 3B is a block diagramiillustrating.the elements of the
self-servowriting system involved in_generation of a position
errof signal during step propaéation;

Fig. 3C is a floﬁ diagram for a self-servowriting system
incorporating the improvements of the present 1nvention;

Fig. 4A shows the relative offsets of the read and write
eleménts in a dual element head suitable for practicing the
present invention;- -

fig. 4B is a graph illustrating a variation in readback
signal amplitude as the actuator changes position across the disk
in a self-servowriting system suitable for practicing the present

invention;



'error:signal during step propagation; Fig. 3Cis a flowdiagramfor a
sel f-servowiting system incorporating the inprovenents of the present

i hventi on; Fig. 4A shows the relative offsets of the read and wite
el enments in a dual elenent head suitable for practicing the present
I nvention; Fig. 4Bis a graph illustrating a variation in readback

signal anplitude as the actuator changes position across the disk in a
self-servowriting systemsuitable for practicing the present invention;
13 Fig. 5illustrates the relattye | ocations of the bursts in a

Si x-burst propagation pattern suitable for practicing the present

I nventi on; . Fig._6A is an illustration of a Eroperlg ositioned .
product servopaft e? niblpgErakes khe selgtdVey 18FRELPNH P the bursysg ingy

the r oadbact SNSRE REPBRERIEN S BFH) plReTBCKEDpr 0y PRI g (PN

| ocation ehtentiénforma position error signal suitable for practicing the

present invention; and Fig. 7 illustrates relative head positions in
a dual el enentFigea6Adisiang £l Ihvstedticai odnar propetlpnpesioichetd) produet
present invention. Det ai | ed- Description of the Preferted

Enbodi nenBg§rvopatterychessly verays arxadigdlyyeftaet burstyel f-servowiting

Fig. 6B is a control system diagram of a servo loop showing
-the manner in which the readback signals from the burs;s in Figqg.
6A are combined with a location error tdrform-a position error
signal suitable for practicing the present inventi9n; and

Fig. 7 illustrates relative head positions in .a dual element
head during a nﬁrmalization revolution according to the present

invention.
!Detailed Descriptibn of the Preferred Embodiments
_Di#élosed herein are improvements to a self—éervowriting
apparatﬁs g@d method such as that described in U.S. Patent
Applicatioﬂ Serial Nos. 08/349,028 and 08/405,261. Accordingly,
-the underlying invenq;ons of those applications will be described

-to set the stage for the proposed modifications.

I. self-Servowriting Disk Drives

Fig. 1 provideé the major components of the preferred
self-prdpagating disk drive servo-writing system for practicing
the present invention. A disk drive 20 comprises a recording
transducer 22, voice coil actuator 24, recording medium 26,

servopattern demodulator 27, and read/write control electronics:



sappariat us and net hod such as that described in U S. Patent Application
Serial ‘Nos. 08/349, 028 and 08/ 405, 261. Accordingly, the underlying.
inventions of those applications will be described to set the stage for

t he proposed nodifications. . Self-Servowiting Disk Drives Fi g.
1 provides the major conponents of the preferred self-propagating disk
drive servo-witing systemfor practicing the present invention. A disk
drive 20 conprises a recording transducer 22, voice coil actuator 24,
recordi ng nmedi um 26, servopattern delrlodul ator 27, and read/wite control
el ectronics - 14 28. The nor nal
operating functions of these elenents.are well understood in the disk
drive indgstrwhelTherfiaskogera®ing fenctivnseoifedhbscaeclementi®|ame well 31 in
series with a pattern generator 30, which is clocked by a tining

control | emdsxstped imj khagdésktdoiverimustander ThReddsked¥ivh 2 18

m cr oprocessor . sequence controller 33, allows hursts, of |

transiti SiRANEFLe% Yoo 4B] .é?fﬁ’e'é?g"eli} EShEFS ngwf‘}:ﬁe%%é]%’ﬁe pur poses
of radi for agat.l r Lk eahi ) M -lifhe
controll ggrge?rﬁ}ralws(eg?,’- ?%?ngg%p?%?%%&e %g% qugs%g?ne??%niﬁg jzcont rol | er

manuf act Wiadidyy coite12drVBa] Ouhldt CEfe @I¥tAbn0B£0h mbtnoyyatessor
California, which iss sinply synchronized to a once per revolution index
tim ng nevdqudrices fminttrodlendads st abliows dwesads, oft pagnehdcvkrangttigng &al -
product servopatterns requires_nuch tighter timng contﬁol 'Egrticuh?rly
when wri thehgraqerdas a precisely controlled times. “For the purposes o

radial self-propagation burst writing and detection, the timing
controller comprises, for example, the AM9513A system timing
controller manufactured by Advanced Micro Dévices Corporation of
Sunnyvaig} California, which is simply synchronized to a once per
revolutién index timing mark. It shall be understood, however,
that_theiwriting of acFual product servopattefns requires much
tighter timing control, pafticularly when writing the servo
identiﬁ;&ation fields and whenever writing phase encoded servo
patterné. EMethods for achieving such precise timing control
using the internal disk file recording transducer, iﬁ.a-manner
'consistgnt with self-propagation are described in U.S. Patent No.
5;485,322 and are expressly incorpo;ated herein by refeience.

A readback signal from the read/write electroqics 28 is
proyided to an amplitude demodulator circuit 34, and its
amplitude is converted to a digital value by an analog-to-digital
converﬁer (ADC) 36 at times determined by timing controller 32
acting in concert with the sequencé controller 33 (e.g. when the
head is passing over a burst pattern on the disk). The digitized

output of ADC 36 is provided to a divider 40. The divider 40



i dentification fields and whenever witing phase encoded servo patterns.
Met hods for achieving such precise timng control using the internal disk
file recording transducer, in a nmanner consistent with self-propagation
are described in U S. Patent No. 5,485,322 and are expressly incorporated
herein by reference. A readback signal fromthe read/wite

el ectronics 28 is provided to an anplitude denodul ator circuit 34, and its
anplitude is converted to a digital value by an anal og-to-digital

converter (ADC) 36 at tinmes determ ned by timng controller 32 acting in
concert with the sequence control]er (e.g. when the head is passing
over a burst pattern on the disk). The digitized output of ADC 36 is

provi ded ddvddgsviter signalThe ali digliti>4éd normalization value stored in

15 divides the signal by a digitized normalization value stored in nenory

38. The ofeB@XYof8di vIThEr oubrpt of i viglert 42218uBFPYEded ta@ sphtogctor
subtracts ,the di.gital.input value . froma.reference al ue retriey from
menory 38 4;0(5 Eﬂégk‘esflﬁkérgs{;ﬁ%ﬁ Agpiat slinshlgl Vf%l’:’%) gr%eéseze%tfjerfc_n%%ns are
descri bed ya @/ $3t25eV8H2ELomSHOREAYCHY lth create TRE Fésitforl’édHoied 10 a
digital servo controller 44 which ‘converts it into an appropriate -
correcti vaigmallr QPES)gnafthedbefunoticny iate degolibed imenraatraredetehillo
analog formby a digital to analog converter (DAC) 46, and is further
anpl i fi ed sabpgequentdyted to a current by a VCM driver 48. The driver

current is applied to voice coil actuator 24 in the disk file causi.n
' pR‘he PES is provided to a digital servo contro{ier 42 w ic%

converts it into an appropriate corrective control signal. The
corrective signal is then converted to analog form'by a digital
to analog converter (DAC) 46, and is further amplified and ~
converted to a current by a VCM driver 48. The driver current is
applied to voice coil actuator 24 in the disk-file causing

f recording transducer 22 to_move'apprdgimately radially with
respect to recording medium 26.

Sequence controller 33 provides:computation capabilities for
general use in determining modifications.to the stored reference
table valués, for determining appropriate deléy settings to be

- applied to timing de}éy unit 31, and for producing control _
signais for pattern generator 30. Preferably, the funcfions'bf
divider 40, subtractor 42, and digital servo controller 44 are
all_échieved through the appropriate programming of‘sequencé
controller 33. |

Fig. 2 shows a diagram of a portion of recording medium 26
including a number of propagation tracks represented by dotted
lines 111, 112, 113, etc. Each track comprises a number of

sectors, with a first sector 101 typically coming immediately



fecordi ng transducer 22 to nove approximately radially with respect to
recordi ng nmedi um 26. Sequence controller 33 provides conputation
capabilities for general use in determning nodifications to the stored
reference table values, for determ ning appropriate delay settings to be
applied to timng delay unit 31, and for producing control signals for
pattern generator 30. Preferably, the functions of divider 40, subtractor
42, and digital servo controller 44 are all achieved through the
appropriate programm ng of sequence ? ntroller 33. Fig. 2 shows a
di agram of a portion of recording nedium 26 including a nunber of
propagation tracks represented by dotted Ilines 111, 112, 113, etc. Each
track conpfiteesthendibkr rofati@ctindsx \aist Hebefmingd s efsixo re XBdp ey pibyalany
com ng i mredi at el 16 _after the

di sk ro;a@PSﬁxiHﬂiﬁea§rE@tE#?h¢%§K TRIMAERFPFRE FRART Athd&emh (e HEMERGt he
di sk Sp'ngkﬁaggﬁgé qr'ﬁgéhoéeé{§¥n%§1 EEH‘Pgdi§§§E%E%§€3'tﬁ%@%@ﬁg%@%ﬁétéﬁ

further divi into two regions: st regio cont al Ni

conpri si ngs rk@r re¥326R! €033coh L&A N HUr8t8CEoRSr X i dPINRIY exlah@i@,! WONS,
and a second regi on 104. The propagation bursts define propagation-tracks
for use i recagnizabtbyspoiesi ofiinegridticheéaans beivnd e gnd Gl Gechakly ameatibar Ns.

Region 104 is reserved for use by the precision timng propagation system
and for aédfPdal Fhedpreragatbpatbursts Weifdne prepagaiion dxrasksnflor usecdsr

D fields and 2, palt o, 2YChi 25 AN TR LLUE B Slodicd 1SS 000008
Region 104 is reserved for use by the precision timing
propagation system and for actual product servopat;ern, which
includes, for example, sector ID fields and a pétte;n such as an
amplitude burst or phase encoded pattern. Preferably,
propagation bufst areas 103 will be Oﬁerwritten with user data
after servowriting. All of region 104 except for th% paFt
containing the product servopaﬁtérn will also be ovefwriftgn with
user data.

Each propagation burst region 103 is further divided into a

number of slots 105-11Q within which.propagétion bursts

- (A,B,C,D,E, and F) aqé written. The propagation track pitch in
Fig. 2 is preferably one-quarter of the assigned data tfack
pitch. That is, if the first usef data track is centered on
prqpégation track 112, the next data track will be.centered on
propagation track 116 providing a 1/4 tfack separation between
the propagation tracks 113 and 114, and so on across the disk.
The preferred propagation burst pattern consists of a fepeating
sequence of 6 bursts as shown in Fig. 2. This is useful because

the bursis, which are nonoverlapping in the radial direction,



ipropagati on burst areas 103 will be overwitten with user data after _
servowiting. Al of region 104 except for the part containing the product
servopattern will also be overwitten with wuser data. Each
propagation burst region 103 is further divided into a nunber of slots
105- 110 wi thin which propagation bursts (A B, C D E and F) are witten.
The propagation track pitch in Fig. 2 is preferably one-quarter of the
assigned data track pitch. That is, if the first user data track is
centered on propagation track 112, t next data track will be centered on
propagation track 116 providing a 1/4-track separation between the
propagation tracks 113 and 114, and so on across the disk. The preferred
propagat i @llowr shepxrecerdiagnsiahsdaten trepesiialdy beghenpeand @heflsts as
shown in Fig. 2. This is useful because the bursts, which are

nonover | apFevd ouws lyhwriidenl byreEEti on,

17 allowthe re Lglggt rapsduce L %gb%%dlall bgggfggg 9c8fQ§ﬁi 0 and a

previously wri ¥ ors

typi cal d&?&atﬁQ&@EbQ@ §t§4b§ §§af EPMs 143Ny ahitBYabBhe 9PowicSdseconds

m crosecon per sector typi ot. time,” i.e., the duration-=of tine
for the Pet detRass a fcypeéamohmbtoﬂmee,f ar.encethe theattoncoffeimatiat
direction, is 7 mcroseconds. The slot time is preferably |Ionger than the
duration dhea slosdkot passy ep&tikednpobut sof nsfierencendar tharsts extend

filtering time durin
gcircumfered%ial direction, is 7 microseconds. The slot time is

preferably longer than the duration of a product servopattern
burst, since longer bursts extend filtering time dqring .
demodulation. More filtering time results in a higher signdl to
noise ratio, which simplifies some of the digital servo loop
éomputation, particulérly with regard to determining derivative
or velocity related servo terms. Moreover, there is no loss of
user data space with expanded propagation bursts since they will
be overwiitten later. However, it will be understood that
shorter'bu;st times ﬁ;y be used if more time is needed for timing
marks and product -servopattern writing to regions 104.

Referring now tglFig. 3A, an iterative self-propagation
process is shown. In a first step 130, the recording tfansducer
is located at either the outermost accessible track (OD) or
innermost accessible track (ID) of the disk file with the
actuator being pushéd against a physical stop to lock it against
mechanical disturbances. In a next step 132, a first propagation
track 111 (Fig. 2) is written with A bursts in the firét slot of
each propagation burst region. Also, the first portion of the

product servopatterh is written within region 104 of each sector



denoddl ation. More filtering time results in a higher signal to noise .
rati o, which sinplifies sone of the digital servo | oop conputation,
particularly with regard to determ ning derivative or velocity related
servo ternms. Moreover, there is no loss of wuser data space with expanded
propagation bursts since they will be overwitten |ater. However, it wll
be understood that shorter burst tinmes nmay be used if nore tinme is needed
for timng marks and product -servopattern witing to regions 104.
Referring now to Fig. 3A an iterativ]g%sel f-propagation process is shown.
In a first step 130, the recording trdhsducer is |located at either the
out ernost accessible track (OD) or innernost accessible track (ID) of the
di sk f4 | etmgebhehewitist tiaé¢ grréei sipppusiheogagairkst aThéysipeefestalit o | ock
it against mechanical disturbances. In a next step 132, a first

propagat i 8FCUP¥a€R1Y 13 $mall BOrtion,at tde ReghnnAingref sLediahd ¢4 o et

of each propagation burst. region. SQ, ,the fir ortion of the roduct
servopat t §Fﬁgi guﬁljF??? R wr Q%i%‘?"e@q%{!ﬁ%f U5 teggﬁ;‘%‘gﬁ o?ncp are written

18 toget BRkiNG! Ené NSakd AV Al £d411 W v Kk TNeEe PEREL Aok ML UPY ONly
a small portionh at the beginning of region 104 on the same surtfaCe as the
propagat i snrifaces ppétes Nse il ttien Withifina guatkgof heisIae thuse Wdeon of
the disk. If other recording surfaces are to be witten within a stack of
di sks, thpseferablyrefittan ynext mith peeduskt Aepyepakternsg dpdt motns ( but
not tim ngmmar ks) in successive disk, r tation;og% swtching the wite

el ect r oni E4MEBISBAERS) LR PYRRSFA YR dshnZateat by (§yitgidng the write

electronics to select each recording transducer in turn. The
first'fevolution, or series of revolutions for mulpiple_disks, is
referred to as a write revolution. -

The next revolution of the disk, important to an
understanding of the present invention, is referred to as a
normalization revolution and is indicated as step 134 in Fig. 3A.
In this step, the head is in read mode and sequénce controller 33
signalsfthe ADC 36 to sample and digitize the demodulated
readback s}gnal during the first slot of each sector, i.e., the
"A burst”. These digital sample values are stored in a

- propagation burst amgiitude normalization table in memory 38.
(See table 360 in Fig. 3B). '

After all sectors have been read in the normalization
reypiution but before the first propagation burst region 103 of
the next revolution, parameters used in the servo control.voltage
calculation are set equal to predetermined values ("step
parameters") that provide rapid motion and settling. This is

shown as step 136 in Fig. 3A. As an example, servo parameters



dfirsti revolution, or series of revolutions for nultiple disks, is referred

to as- a wite revol ution. - The next revolution of the disk, inportant
to an understanding of the present invention, is referred to as a
normal i zation revolution and is indicated as step 134 in Fig. 3A. In this

step, the head is in read node and sequence controller 33 signals the ADC
36 to sanple and digitize the denodul ated readback signal during the first
sl ot of each sector, i.e., the "A burst". These digital sanple values are
stored in a propagation burst anplitﬁge normal i zation table in nmenory 38.
(See table 360 in Fig. 3B). Af t all sectors have been read in the
normal i zati on revolution but before the first propagation burst region 103
of the n&®imidayoltegt tbasepasadeinr thesepenatione ofethe démkr i leovended
calculation are set equal to predeterm ned values ("step paraneters”) that
provi de r ¥5%f WodiloRSafieBePRFARGEeNRis is shown as step 136 in Fig. 3A

As an exanpl e, r a . . " - 19
simlar to thogéguégéei%ggﬁgsé%%?a?Fo%P%ﬁdﬁﬂﬁélgigﬁfff de88|as amo?ﬁe%ell
as step PHAFRLLidNn" and isTBRoWRXhs' VY UlIsQn Gomeherdienk keyreferred to
as a "step revolution” and is shown as step 138. -Sone of the key -
servow it isegveweitihyg edenkutd involeedXec theorxeicutiiion sfephdsesteghare in
Fig. 3B. Referring.to both Figs. 3A and 3B, at the begi nning of the step
revol uti ofheys ipeFdgy §§-coﬁ?g¢ﬁ§1hﬁtthh%Fh Fdig8 -nSPmarAz 4Br oAt t BBR e 360,

but al so %e%&%h&%%egfrﬁﬁgrgggg ¥g$gfﬁtion 138, memory 38 contains not only

the normalization table 360, but also a preloaded reference value
table 362 holding a list of "f" reference values, fo-fnz for each
of the sectors, 0-n. Initially, the "f" reference values are all
assigned to a same value representative of the anticipated
amplitude reduction of the normalized readback amplitude if
sensed from the next propagation track i12. For subsequently
written tracks, the ."f" reference values are calculated from
nominal:éveragé reference values plus corrective values
appropriatgﬁfor the current track. These calculations are
described inifurther detail subsequently.- During the step

. revolution 138, seqquce controller 33 steps through the
normalization table 360 and the "f" reference value tabie 362
sector by sector, routing an appropriate normalization value,
valn 374, to the divider 40 and a corresponding reduction factor,
Fn 576, to subtractoﬁ 42; During the first iteration of the
servowriting sequénce, the set of normalization values obtained
from the A bursts, avalO-avaln, will be used. Concurrently, ADC
36 continues to digitize the readback signal 364 from the A

bursts under the sequence controller's 33 direction, producing



tabl €362 holding a list of "f" reference values, fOfn, for each of the
sectors, On. Initially, the "f" reference values are all assigned to a
sanme val ue representative of the anticipated anplitude reduction of the
normal i zed readback anplitude if sensed fromthe next propagation track
112. For subsequently witten tracks, the "f" reference values are
calculated from nom nal average reference values plus corrective val ues
appropriate for the current track. These cal cul ations are described in
further detail subsequently. During tB step revolution 138, sequence
controller 33 steps through the nornalization table 360 and the "f"
reference val ue table 362 sector by sector, routing an appropriate

nor mal i Zaida@baed h.gnalaladud 4 3660nhtenglian Gaipi14Quasdod SemeeCRaAGRIEtEGe .
reduction factor, Fn 376, to subtractor 42. During the first iteration of
t he ser\tha idiiviglesediPereeceiviee deurof 366 rkilviidesi db bml tBe obt ai ned from
the A bursts, avalO-avaln, will _be used. Concurrently, ADC 36 continues to
di gi ti ze ROF@Idzatdom ypdusl Xelnfﬁﬁﬁwt?ﬂg,RrOBHF§?st5ﬁd§FS?ﬁEIs%quence
controller's 33 irei}ion

o Denirohdhton B 388t E0RR et tinde K 38%1 LM HERRFE AR The
di vi der 49 d eeRitiatdriah, 364, tdkx&dfécéﬁegv;ngbes nga&%hﬁeﬁl.egsv. Ugronf @ N

374, and provides the resilt, a pfopagation bursf fractiona npl1tude X

368, to Umet mFCt aeféZencéhealiblr Rt 376 42 Theh regullt peoeides X pédittorl
subtracts it from the "f" reference value, Fn 376. The result provides a
posi t i on exmorpisigngdal PESES7870whiph cwild be byajlablebat thetswbexactort or

42. output when recording transducer 22 reaches the end of each
propagation burst region 103. At this time, sequence controller
33 signals digital.servo controller 44 to read the PES 370 and to
compute a new control voitage setting. The control voltage 372,
adjusted after each sector, &rives actuator 24 in a direétion
that reduces the PES 370, i.e., toward propagation tfackillz.

The actﬁator 24 typically settles onto the next propagation
track 112 in about one quarter of a disk revolution. At that
time, in a -next step 140 of Figt 3A, the parameters of the servo
control voltage calculation are assigned a different set of

" parameters, i.e. “propégation parameters". The propagation'
parameters are tailored to provide rejection of mechanical g
disturbances without amplification of track shape errors. The
manner in which they are determined will be described
subsequently. Even though the step to the next propagation track
takes less than a full revolution, it simplifies matters to allow
the revolution to complete before writing the next set of_bursts.

At this point only a single propagation track has been

written ‘'so the result of a decision step 142 comparing the number



42. output when recording transducer 22 reaches the end of each
propagation burst region 103. At this tinme, sequence controller 33 signals
di.gital servo controller 44 to read the PES 370 and to conpute a new
control voltage setting. The control voltage 372, adjusted after each
sector, drives actuator 24 in a direction that reduces the PES 370, i.e.,
t oward propagation track 112. The actuator 24 typically settles onto
t he next propagation track 112 in about one quarter of a disk revolution.
At that tinme, in a next step 140 of Fég. 3A, the paraneters of the servo
ontrol vol tage cal cul ati on are assign a different set of paraneters,
| .e. "propagation paraneters". The propagation paraneters are tailored to
provi de r ejfeciaitan tafchec haiittan wiitht Yhbarwesl Widnibewt odmplhtkeatoobe of
track shape errors. The manner in which they are determined wll be
descrlbedWF%H&@@q&@nmkyesﬁﬂeﬂlwhoeghtihe and:he presessx reprspaghei vniteack
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deci si on st conparing t

21 of daursitisafs t¥ankied owst NBl hent hél sdubHie 510t bragkent SebEor. Wast en
i s necessarily negative and the process returns to wite revol ution step

132. In thefogeaopiewusﬁenreﬂnﬁuglma:kshuui;asqnsncsemwnpabtéen 8Besi gnal s

pattern generator 30 to wite bursts of transitions, B, in the second
slot of eX@itiegy 4n ragionged@fconpthei samg naqanding SNELaARE, pRBARRLY

servopatter rodiict sexrvopattern on the remaining recording surfaces.
.Throughout this write revolution, ADC 36 continues_to digitize
the A bursts and servo controller 44 maintains actuator 24 in e
positioh such that transducer 22 stays clpse to the desired
location of track 112. The PES values bbtained during this write
revolution are recorded in a table in medory 38 for later use in

_ providing corrective values for calculating new "f" reference
values.

The next revolution is again a normalization revolution,

step 134. In this iteration, the ADC 36 digitizes both the A & B
" burst amplitudes, storing the B burst amplitudes in the
normalization table 360. Meanwhile, the servo loop continues to
track foliow using PES values computed from the A burst
amp;itudes, the stored A burst normalization values, and the
stered reference values. Preferably, new reference values are
also coﬁputed during this revolution. Each new table value is set
egqual to a nominal average reference value determined previously
to be appropriate for the desired. average track spacing in this

region of the disk, plus a correction value appropriate for the



witten in regions 104 on the sanme recordi ng surface, and only pr oduct
servopattern on the renmai ning recording surfaces. Throughout this wite
revolution, ADC 36 continues to digitize the A bursts and servo
controller 44 maintains actuator 24 in a position such that transducer 22
stays close to the desired | ocation of track 112. The PES val ues obt ai ned
guring this wite revolution are recorded in a table in nenory 38 for

| ater use in providing corrective values for calculating new "f"
reference  val ues. The next reyplution is again a normnalization
revolution, step 134. In this iteration, the ADC 36 digitizes both the A &
B burst anplitudes, storing the B burst anplitudes in the normalization

t abl e 360culMeanvhtlgckt dd SEvDinaD PErnitheussotraed PESCchalfuss.owThei ng PES
val ues conputed fromthe A burst anplitudes, the stored A burst

nor nal i zatponeghiorsyatme nawe conprisae r £oar enavpied e Pragefamdped  new
reference values are also conmputed during this £ev3é¥%g:n. Each new tabl e

val ue isl§€P°tégﬁantBh%.Pﬁﬁﬂ#ﬁﬂs¥ﬁh§§ﬂﬁ§dr@F§rgﬁ e COFFERRgnding
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regi on of corfec n val ue”appropriate tor the -
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val ue may conpri se, -for exanple, a predetermined fraction of the

previ ous| whithr £d G&Edendénie é10rthd aluaeadedpopdingns e tfynaiiitom wddtder i ng

the preceding wite operation.
servo loop, as described in the referenced co-pending
applications: The algorithm is applied to the entire set of PES
values stored during the preceding write revolution; Preferably,
corrective value calculations are initiated during ‘the write
revolution 132 and éompleted sector by sector during the step
revolution 138, updating the feferenc? value table just prior to
computption of the Eontrol voitage.

It shall bé understood that the term “"reference value" in
the aﬁpehded claim is intended to refer to any.of the
normqlizét;on values, "f" reference values, nominal average
reference values, or qorrective values, as well as to any-.other

- indicia of transduce:.position as will become apparen; to the
reader from the tgachings of the present specification.-

Switching now to the B bursts for PES computa;ions, the
prqcéss repeats, i.e., another step revolution is executed (step
138) wherein transducer 22 steps to the next propagation track,
followed by a write revolutibn, step 132, in which C bursts,
timing marks and product servopatterns are written. This
continues (with A bursts following F bursts) until the desired

number of data tracks have béen written, resulting in a yes



‘Alternatively, it is conputed using a digital filtering algorithm which is
dependent on the closed | oop transfer function of the servo |oop, as
described in the referenced co-pending applications. The algorithmis
applied to the entire set of PES values stored during the preceding wite
revol ution. Preferably, corrective value calculations are initiated during
the wite revolution 132 and conpl eted sector by sector during the step
revolution 138, updating the reference value table just prior to
conput ati on of the control voltage. It shall be understood that the
term"reference value" in the append%ﬁ claimis intended to refer to any
of the normalization values, "f" reference val ues, nom nal average

ref er enceansweesatode€ 05166t st&p VR 21€khd &&rnﬁhhtangtbhenyruméss at xtiep a of
transducer position as will becone apparent to the reader fromthe

t eachi ngs1é8ft.t he present specification. Swi tching now to the B bursts

f PES t at t he t i.e., th { | ut
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tim ng nar servopatterns are wit cont 1 nues- (WI
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been written, resulting in a yes 23
answer atuéedu3|RelatﬁpelﬁZremmhtky;ﬁhunemeg,tHdupioebemea "stanSdpnﬁrs
In the discussion so far, it has been assuned that the

employing separate read and write elements such as magneto-
resistive (MR) transducers have come into use, and require
special attention with regard to the determination and control of
propagation track spacing by means of nominal average reference
value settings. .Fig. 4A is a representation of an MR transducer
wherein the read and write elements, 420, 422 have different
widths, Wr and Ww, res?ectively, and a relative offset, Wo,
between their respective central axes, a and b. Fig. 4B
graphieaiiy represents:a variation in the normalized readback
ampiituée fxrom the read element 420, and the effect of the head
offsets. Readbackfamplitude is indicated along the y-axis 402,
‘with change in the pqsition of the actuator indicated by the x-
axis 404. The actuator position Xo0=0.0 correspOnds to the
actuator position during a write operation. The fiat portion of
curyé 406 represents'the range of actuator movement ‘in which the
read element is radially aligned inside the written pattern to
produce the best readback signal, and is equal to Ww-Wr ' as
indicated.

As should be apparent from Figs. 4A and 4B, the actuator

movement required to reach a particular level of amplitude



.recokding read transducer and wite transducer are one and the sane, as in
the typical inductive read/wite elenment commonly wused. Relatively
recently, however, "dual elenent" transducers enploying separate read and
wite elements such as magneto- resistive (MR) transducers have cone into
use, and require special attention with regard to the determ nation and
control of propagation track spacing by neans of nom nal average reference
val ue settings. Fig. 4Ais a representation of an MR transducer wherein
the read and wite elenents, 420, 422 have different wdths, W and Wy,
respectively, and a rel ative offset, , between their respective central
axes, a and b. Fig. 4B graphically represents a variation in the

nor mal i Zegb S ANRAE ke iiid 1dHl& teptial enpite et el enein® thacsff ect of
the head offsets. ﬁéadbacéﬂgnﬁ%#fgagggg i ndi cat ed alongethe y-axis 402,

W th changsldtiveneo st Ghdidideetdeohuat aliot it .catlad ilsy delsd rablegxi s 404.
The actuator position Xo=0.0 corresponds to the actuator position during a
wite opdierievsE, THwaY |the poopagatdon tpack spreingpbesdetermiaedapgdyoby
actuatordg?venen in which the read. element js ragially al i gned inside the
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' - innermost track in a dis} file. That is, the spatial separation
of the read and write elements along the actuator arm direction
ieads to different projected locations qf the read_énd write
elements along the arc defined by the actuator arm motion. ~

' Dependency on read to write element offsét may be eliminated in a
manner which requires no prior knowledge of the precise geometry
of the head and which can be achieved solely through measurements
of'réadback amplitudes, as described in co-pending application
serial do.:081405,261. But for'compieteness, this approach will
be describeg next with reference to Fig. 5.

Fig. 5 illustrates the manner in which a six burst
. propagation burst regibn is used to write data tracks during
self-servowriting. Each propagation burst (A-F) is radially
displaced from an adjaéent burst by a step comprising 1/4 of the
desired data track pitch. Track pitch 520 comprises the write
element width (which determines the width of the data track) plus
the desired radial distance or separation 516 between aafacent
data tracks 502, 504. The radial track separation 516 should be

sufficient to prevent accidental overwrite of adjacent tracks

during a track write operation, as previously discussed. Since



s+ el ati ve offset, and direction of notion. It is desirable, however, that

t he propagation track spacing be determned only by the read and wite

el ement widths, and not by head offset; since the apparent offset of the
heads in a rotary actuator disk drive ‘changes as the actuator sweeps from
the outernost to the innernost track in a disk file. That is, the spatial
separation of the read and wite el enents along the actuator armdirection
| eads to different projected |locations of the read and wite elenents
along the arc defined by the actuator_arm notion. Dependency on read to
wite element offset may be elimnatetPin a rmanner which requires no prior
knowl edge of the precise geonmetry of .the head and whi ch can be achi eved,

solely thrghueasuaeeerhaially’ 838686 kbpMld lfdene assgesdrtimtk ipitch,
co- pendi ng application serial no. 08/405,261. But for conpleteness, this
approach wiHld wiideddead Bedfhest alignedfwitdndarst Ri yhes writing matas
Illustrates the manner in which a six burst propagation burst region is

used to whiTACKIR04 -t r MR dihenyrite head dnwligngd. WEER R PRy bur st

A-F) i di al | di spl d f dj . X [,Si
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el ement wiydh hitdhgdeher HeResSahis pi-gih fifg .t he data track) plus. the

desired radial distance or separation 516 between adjacent data tracks
502, 504. The rrdiral dfr dakstepattbrns tHéx dreulrddiallyuséparabted t£xqu ewent
accidental overwite of adjacent tracks during a track wite operation, as
previ ous| yangitdexs dyd thgiegcd /4 track steps line up along a common edge. 5

For example, propagation bursts A and D share a common edge along
dotted line 512. Burst patterns 508, 510 are relagively
positioned to preserve this relationship. For example, burst D
of pattern 508 and burst A of pattern 510 are also radially -
aligned along a common edge.

If theiread element 514 is positioned with resp?ct to bu:st
pattern 510.so that-the normalized readback amplitude from burst
A equalé theé normalized readback amplitude from burs% D (the A=D
positioh)ayheh the relative normalized signal is 0.5 ig the edges
line up, greater than 0.5 if the edges overlap, and less than.ofs

- if the edges have spade between. Thus, the relative normalized
signal at the A=D position may be used as an indicator 6: whether
the propagation track pitch is too small or too la;ge, and track
pitch can be corrected by using this relative normalized signal
to adjust the nominal average reference value used to calculate
reference values during propagation. If normalized readback
amplitude vafies linearly with position (a fairly good

approximation, as shown in Fig. 4B), the adjustment iq the



4he bursts are radially spaced by 1/4 of the desired track pitch, the
wite head is first aligned with burst A when witing data track 504.
Next, the wite head is aligned with a burst four steps or propagation
tracks away, which in this case is burst E, when witing the next data
track 506. Pairs of burst patterns that are radially separated from
one another by three 1/4 track steps |line up along a conmon edge. For
exanpl e, propagation bursts A and D share a common edge along dotted line
512. Burst patterns 508, 510 are relatively positioned to preserve this
rel ati onshi p. For exanple, burst D pattern 508 and burst A of pattern
510 are also radially aligned along a conmopn edge. If the read

el ement  5kbnlihaROHvieraied rwifle?feh‘éép%iué i comgfi‘xttte%r 2340 +HE %QQEuﬁggck

normal i zed readback anplitude from burst A equal s the normal i zed rea

anpl i t ude del@nilwer siora(tizedAsPgnaRoatt tigw A<D gbsiitaongl ati ve normal i zed
signal is 0.5 if the edges li.ne up, greater than 0.5 if the edges

overl ap, and | @h¢ medatdonship may bdgesttey amsieastood hyenotIngsthahea
relative nq{nalized signal at the A=D position may be used as an i ndicator
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linearly with position (a fairly good approxinmtion, as shown in Fig. 4B),

t he adj usrecontriblnées a spacing change equal to r, and these &hanges are
shared equally by A and D. The nominal average reference level
should therefore be adjusted by an amount equal toué/3 of the
deviation of the relative normalized signal at the A=D position
from its desired level.

Disturbances experienced by the described self-propagating
servo system may cause the actuator to deviate from the ideal
propagation track. These occurrences are referred to as track
misregistration (TMR) and will result in mispositioned write
bursts. 3qbéequent readback of mispositioned bursts in the next
propagation cycle results in an offset or "modulated" position

- signal. ;

Fig. 6A illustrates a properly positioned burst 805 and a
mis-positioned burst 804 resulting from TMR. When centered on
the desired propagation track a distance X from the breceding
propagation track, the recording transducer 808 reads back a
normalized readback amplitude R for the properly positiéﬁéd burst- -
802. Since this is the desired location, this normalized
readback amplitude equals the reference track Value, resulting in

zero PES. However, the mis-positioned burst 804, having its edge



nom nal average reference val ue can be conputed fromthe neasured relative
normal i zed signal at the A=D position. The rel ationship nay be better
understood by noting that a change in nom nal average reference val ue by
an anount r results in a change in the relative nornmalized signal at the
A=D position of 3r/2, since each of the three steps, Ato B, Bto C, and C
to D, contributes a spacing change equal to r, and these changes are
shared equally by A and D. The nom nal average reference |level should

t herefore be adjusted by an anount egf | to 2/3 of the deviation of the
relative normalized signal at the A= 'iosition fromits desired |evel.

D sturbances experienced by the described sel f-propagating servo system
may causeshiftedt ant emotiot devEate thondsiceddpabpagatpagatracktiacktidmese
occurrences are referred to as track msregistration (TMR) and will result
in m sposPPPoredafivectoptingt vidgy e gihentreagdpser 898 ni 5p#4lEs ol R bur st s

in the ne§Elae&?§?9§§hggfﬁg$#§?é§S§£B?ﬁ%n an of fset or "nodul ated" position

si gnal . erly positioned burst 802 and a
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propagation track a diStance X m t he, precedi ng “propagation track, the
r ecor di ngset@bsdoneroB0Bospadai baiske af o Ampaenandingathackmpibdpved Uskel K f or
the properly positioned burst 802. Since this is the desired |ocation,
thi s nor ngeryewriténdbaritempdftthie prpsend dhyenptionenceontrek systerms

resulting _in zero PES However, the ms-positiqned hurst 804, having its
edge are described generally in the book "Modern Control Engineering

by K. Ogata published by Prentiss-Hall corporation of Englewood
Cliffs New Jersey. The loop controller 850 comprigés digital
servo controller 44, DAC 46, and VCM driver 48. The "planﬁﬁ 852
comprises actuator 24 and recording transdncef_zz. The plant
output X_represénts the absolute position of the recording
transducer in-upitsiof relative head width. During
self-propagaﬁion, the only_observable signal is the position of
transdu@ér.zz relative to recording medium 26, but it is useful
to consider the absolute position X for the purposes of analysis
of servo lopﬁ performance. A loop summing point 856 is
.explicitlj included to account for the relative nature of the
observed position signal. Thus the observed position signal
equals the sum of the absolute position X and the burst position
error E. This signal X+E is combined at a standara'loop
reference summing pﬁint 854 with the reference track value R to
form the position error'signal or PES. Iﬁ‘usuai.fashioﬁ'the sign
shown next to the incoming arrows at a summing point represents a
sign factor to apply to each signal before summing, hence the PES

equals R-(X+E).



27 shifted an amount E fromthe desired propagation track |location 806
relative to the width of the transducer 808, results in a relative
readback signal of R+E. Referring now to Fig. 6B, a block diagramis
shown of a servo control |oop suitable for inplenmenting the inproved self-
servowiting systemof the present invention. Control systens are
gescribed generally in the book "Mdern Control Engineering”" by K Ogata
publ i shed by Prentiss-Hall corporation of Englewood diffs New Jersey. The
| oop controller 850 conprises digital__servo controller 44, DAC 46, and VCM
driver 48. The "plant" 852 conpriseszﬁctuator 24 and recordi ng transducer
22. The plant output X represents the absolute position of the recording
transducer in units of relative head width. During self-propagation, the
only observable signal is the position of transducer 22 relative to

recor di ngr fipdintardded N rmdl iz 4 WequkRcgonsi der the absol ute position X
for the purposes of analysis of servo |oop performance. A | oop sunm ng.

point 856 is ™Tmhelpropdsed niopidacnrientac o utiie f 9l f-haropegaitiing parbeeesof t he
observed position signal. Thus the observed position signal -equals the sum
of the abiesutdescikedbmoe adifications posnermalization stephild4spgnal X+E
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PES equads thé Xfansducer for writing of the servo bursts. Normalization
occurs after the write revolution, but prior to moving the
transducer away from the written track, and is use§.to update the
normalization values. The normalization values are"ﬁependéht
upon some indicium of transducer position sﬁch as the amplitude
of the readback éignal obtained from the track just written. 1In
the propésed self-servowriting system, the normalization
“revolution is not required for every track if the indicium of
transdu@ér poéition is determi;ed to be slowly varyiné.from track
to track. Rather, normalization is scheduled to occur at fixed
intervals, e.g. every Nth iteration of the servowrite procesé,-or
-on an as—needed basist Additionally, it involves an interruption
‘of propagation and direction reversal of the head, -as will be
described momentarily.
./The control flow of the normalization sequence for a slowly
varying system according to the present invention is shown in
Fig. 3C. As indicated by loop 328, the ﬁormalization stép now
comprises a decision step 330, so that normalization is

performed at some, but not all, of the tracks written. 1In this



28 i 1l. Enhanced Normalization Sequence The proposed

| nprovenents to the sel f-propagating process just described are
nodi fications to nornalization step 134 of Fig. 3A. In Fig. 3A
normal i zation is performed on every iteration of the servowite process

to assure accurate placenent of the transducer for witing of the servo
bursts. Normalization occurs after the wite revolution, but prior to
novi ng t he transducer away fromthe witten track, and is used to update
t he normal i zati on values. The normalization val ues are dependent upon
sone indicium of transducer position 8%ch as the anplitude of the
readback signal obtained fromthe track just witten. In the proposed

h d
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be sl oWy impayitnenf hesuiaagk to track. Rather, nornalization is scheduled
to.occur at fixed intervals, e.g. every Nth iteration of the servowite
process, or offhanfassheembddimeht sl fdsobaklkytoidiskvddtires athere track
interruption of propagation and direction reversal of the head, as will be"

descri bed Yo ¥&ACkr FRyiation incthenindicimodsonlrerdndimann AR ilsnessddance
f I ste ording"to the present,.inventionis shown
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sonme, but not . al e tra witten.
"to maintain acceptable accuracy. N is a predetermined fixed

number or range of numbers, N, determined by balancing
servowriting accuracy with reduced servoﬁriting time. During
experimentation, the applicants found that for a p&rticulaf‘
family of disk drives a fixed value of N=40 wés satisfactory. N
may be adaptively increased pf decreased based upon actual
variation in the indicium across the tracks. [For exemple, N is
initially set to a default value such as 40, and is then
increased or decreased based dpon the actual ﬁeasured variation
between two tracks, which need not be adjacent tracks. For
example, the measuremedts may be made at each “A.burstf track. N
- is increased if the observed variation falls below a
-predetermined threshold value, and decreased if it risee above
the same or another predetermined threshold value.

"In circumstances where the normalization variation is
unknown or erratic, it is more appropriate to use the second
embodiment wherein the frequency of updating is determined by
comparing a measured indicium value from a previously written
track with the measured indicium at the current track at decision

step 330, and entering the normalization sequence only if the



29  imanner, servowiting time is significantly reduced with m ni mal .
| mpact on accuracy. The first enbodi nent applies best to disk drives
where track to track variation in the indiciumis already known or is
easily determ ned, and is slowy varying across the disk. Indicium
measurenents are schedul ed to occur every Nth propagation track to

nai ntai n acceptable accuracy. N is a predeterm ned fixed nunber or range
of nunbers, N, determ ned by bal anci ng servowriting accuracy with reduced
servowiting tinme. During experinmentation, the applicants found that for
a particular fanmily of disk drives 3%ixed val ue of N=40 was i
satisfactory. N nmay be adaptively increased or decreased based upon

actual | WRERRLLAG o e LOALET 1 AGLAST,ENES LRCKSs Forumai N

initially Sét To a default value such as st i ncreased or

decreasedagasfad vRENtFASKACALAIhIEAIHAE Yool Bhifdry MEdNDRIMdNTE tdRCKS,
whi ch need " not be adjacent tracks. For exanpl e, the neasurenents may be

nade at emalde" Aebdradt beaadjadént travkiseased if the observed variation

falls bel ow a Rredeternined.threshold val ue, and_ decreased if it rises
above the sanFher narsahirabieniaraqassedst APELARRHLY ofYether enhanged by
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previously witten track wth the neasured 1ndiciumat the current track
at decisi g86 iat #Rg338c. anthe i wirtdlfhd BecBOfNRbIAAL i 2ut Forfuaiinresomne i f the
then used in lieu of the actual normalization values for improved
signal to noise ratio. ' |

In a similar manner, the "f" reference values rieed only be
recalculated:eﬁery Nth step if found to be slowly #arying in
value from track to track. Alte;natively or additionally, the
inominai average refe;ence values and/or corrective values useq_to
calculate new "f" reference values, if determined to be slowly
;varying, may be updated every Nth step. From this discussion:it
follows that other indicia of transducer position, if found to be
slowly varying from track to track, may be updated less

- frequently for enhanoea servowriting performénce without
appreciable effect upon servowriting accuracy. '

Régarding the case of reduced normalization revolutions, a
further improvement is proposed for-self-servowriting systems.
employing dual element heads. As indicated by step 332 of.Fig.
3C, a corrective adjustment for head offset is added to the
normalization sequence.

Fig. 7 illustrates the problems introduced in the

normalization step when using a dual-element head, and



30 difference in neasured indiciumval ues exceeds a threshold val ue.
Again, the tracks at which these prelimnary neasurenents are nmade need
not be adj acent tracks. The normal i zation process is optionally
further enhanced by averaging the nornmalization values of |ike sectors
obtai ned from one normalization revolution to the next, as indicated by
step 336 in Fig. 3C. The averaged sector normalization values are then
used in lieu of the actual normalization values for inproved signal to
noi se rati o. In a simlar manner, the "f" reference val ues need only
be recalculated every Nth step if fodhd to be slowy varying in value
fromtrack to track. Alternatively or -additionally, the nom nal average

f i / Lve.yal “f
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position, if found to be slowy varying fromtrack to track, my be
updat ed | €dementeheadt cypmpyiseahanerits alemenitt 7AQ pedf ar nead celemdrott
appreciabbﬁ ef fect .upon servowiting accuracy. Regardi ng the case of
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p when using a dual -el enent head, and

plurality of propagation bursts A 700 and corresponding product
servo patterns 750. If a normalization revolution is to be
executed for this track, the A burst normalization values would
simply be obtained by reading each A burst 700 at the curreht

head positioﬁ and ‘storing it in the normalization table 360. In
the case of a single-elemept head, read/write is aligned with the
A bursts 700 at this point, and the readback s;gnal has a maximum
.readback signal amplitude. However, from Fig. 7 it is readily
appareng:that at head position 720, the read element 725 is not
aligned wigh the A bursts 700 due to its offset from write

element 725. Consequently, a less fhan ideal on-track
-normalization reading of the A burst is obtained.

Under the proposed scheme, normalization is inhibiéed during
writing of at least the first two propagation tracks. Upon
completibn-of writing the A bursts 700, head moves aﬁay from the
OD while read element 725 reads A bursts 700 until the head is
positioned so that the readback amplitude has been reduced by a
predetermined amount (position 704). While maintaining the
current head position 704, the write element 720 Writes a

plurality of B bursts 705 and corresponding product servo



31 f.acilitates an understandi ng of the proposed nornalization sequence

I ncorporating a read el enent adjustnent. The dual elenent head conprises a
wite element 720 and a read elenent 725, and is shown at various radial
positions indicated by nunerals 702, 704, 706, 708 and 712. First, the
head is noved to the OD (or ID), position 702, where wite elenment 720
wites a plurality of propagation bursts A 700 and correspondi ng product
servo patterns 750. If a normalization revolution is to be executed for
this track, the A burst nornmalization values would sinply be obtained by
readi ng each A burst 700 at the curred® head position and storing it in
the normalization table 360. In the case of a single-elenent head,

Hwite_l ' i th the b ts 70 t _thi | n§ t he .
Feadback SPERSPERECTE o Phenta s Eamnatle SoaroaRpI RORGE Dhidraes biog
Fig. 7 it bgayeadbhythaPpB'&dtehdatet RAANROSLELGE Z@?unéh@ drRP% %iugfs“%%t |

725 is not aligned with the A bursts 700 due to its offset fromwi

el ement 72300ComeBquetil ytha hess itdwdhdsd@akitiohr 20K. Nt NEHisZ PdsAhtion
readi ng of the A burst is obtained. Under the proposed schene,

nor mal i zat 78R i Ehenwrbte celementg720uwniteg of tuackeaftC thurstis Fi10t wnd
propagation _tracks,. Upon _conpletion of witing the A bursts 700, “head
moves awaySPFOth PRELSXRF Wit e read él enent 725 reads A bursts 700 until the

e Sr o oot AECERAE e e SRR QUBLL B 00 SRR 5o
posi tion 784cutfiethé isad! B irsA?Gafdsli®SoAed to align read element 725

with the B bursts 705 (position 708) . Repositioning is

. accomplished in one of several ways. For example,‘where the read
to write element offset (Wo) is known for a particular disk drive
or family of disk drives, a predetermined shift of the nominal
average reference level is used to properly position the readback
element 725 prior to normalization measurement step 334.
Alternatively, the read element 725 is servoed to a poéition
between:bursts, rather than to a single burst, e.g. to the A=C
position with B centered (where the A burst amplitude equals the
C burst amplitude). This causes the read element 725 to be '

- centered on the intermediate bursts B 705 (position 708)
regardless of read to write element offset. With the reéd elenient
725 aligned to the B bursts 705, the readback amplitude is at a
maxihum and the B burst amplitude reference values ére measured
accurately. Note that servoing to a pair of bursts any even
number of steps apart will always guarantee a burst centered
under the read element 725. For example at the A=E point, C is
centered. Yet another alternative is to bac¥ up the read element

725 until a maximum readback signal amplitude has been detected,



plurality of B bursts 705 and correspondi ng product servo

32 patterns 751. Thereafter, the head again noves in a direction away
fromthe OD as the read el ement servos on the A and B bursts 700, 705
until the head reaches position 706. At this position 706, the wite

el ement 720 wites a track of C bursts 710 and servo patterns 752.

At this point, if a normalization revolution is scheduled to occur, the
head is first repositioned to align read elenent 725 wth the B bursts 705
(position 708). Repositioning is accgnplished in one of several ways. For
exanpl e, where the read to wite el nt offset (W) is known for a
particular disk drive or famly of di-sk drives, a predeterm ned shift of

the nom nalg, aMeiRge, AT & 6NGe | Gyt itheUSELabOCIPTONRALLY HS Hdadhddn@

readback elenment 725 prior to normalization nmeasurenent step 334.

Al t er nat vt murt Enp1ash ) e BNy rédd headewyDBObé aBigmsl Width tihe! beest
bursts, rather than to a single burst, e.g. to the A=C position with B
cent er ed ¢whienteetds: A burst anplitude equals the C burst anplitude). This
causes the read elenment 725 to be centered on, the internediatglbunsts B

705 (positi on Addoughe phffsds adgdustagat: gddp tine drte #7 he

read ele 5 gl i.aned t ur st 5 : hag nld i s at
a maxi nun%é\%%'z‘fz%’ea%% %terg’r?pq}ﬁ‘tt%é’% - g%’%r %%c’é'eé/‘%?%(ie?%gr e surfg ng
accur at el Yordot £24 thidn SAePirdndided.pai r of bursts any even nunber of
steps apart will always guarantee a burst centered

VI. Conclusion
In summary, accurate positioning of the servo head .is
critical in a disk file equipped to perform self—sérvowritiig.
In a previously disclosed self-servowriting s&stem, accuracy was
attained by updating reference values used to position the
transducer a track-by-track basis to compensate for track to
track variations ih an indicium of transducer position. Such
'accuracy came at the coét of increased servowriting time. It has
been found;.-however, that self-servowriting time may be reduced
in a slowly varying system by limiting the number of updates to
* the reference values.’ Accuracy is further enhancgd whep using
dual-element heads by adjusting for head offset prior to
updating.
~“A number of specific embodiments have been deséribed
encompassing the present inven?ion. Nevertheless, it will be
understood that various modifications may become apparent to
those having ordinary skill in the art of self servo propagation
without departing from the spirit and the scope of the present

invention. Accordingly, it is to be understood that the



sunder. the read el enent 725. For exanple at the A=E point, Cis centered.
Yet another alternative is to back up the read elenent 725 until a maxi num
readback signal anplitude has been detected,

33 e.g. fromburst B 705. Wen the readback signal has reached a maxi num
anplitude, the read head will be aligned with the burst of interest.

Al t hough of fset adjustnent adds tinme to the normalization sequence, total
servowiting time is reduced by only perform ng normalization when

required. VI . Concl usi on In jmmary, accurate positioning of the
servo head is critical in a disk fil® equipped to perform
self-servowiting. |In a previously disclosed self-servowiting system

accuracy wasen8@fibai Dednby tpdBéi DEmitdEMBNehevabuesfliieedllaspoatédon the
transducer a track-by-track basis to conpensate for track to track

vari at i onsmpadimenhd, chum oflyrhyvisthe escqpssiofi she spphAndadcotatysecane at
the cost of increased servowiting tinme. It has been found, however, that
self-servowiting time nmay be reduced in a slowy varying system by
limting the nunber of updates to the reference values. Accuracy is
further enhanced when using dual-elenent heads by adjusting for head

of fset prior to updating. A nunber of specific enbodi nents _have been
descri bed enconpassing the present invention. Nevertheless, it will be



understood that various nodifications may beconme apparent to those having

ordinary skill in the art of self servo propagat|on—_MLLhDuLﬁdgpéLLLﬂg_from

the spirit and the scope of the present invention. Accordingly, it is to

.bﬁvgﬂfl.egﬁt ?gdnz)[]az ot Bg limted by the S-pF,‘CI fic ill ustmnmﬂ""l"uuﬂﬂmut S,

but only by the scope of the appended cl ai ns.

35 Clains Wiat is clained is: 1. A
met hod for witing a plurality of traq%§ in a self- servowiting system
conprising the steps of: witing a first track with a transducer

movi ng the transducer away fromthe first track until an indicium of
transducer position has changed in a pretleimsied nmanner relative to a

reference val ue; and witing a next track;
What is claimed is:

1. A method for writing a plurality of tracks in a self-

servowriting system, comprising the steps of:

writ;ng a first track with a transducer;

moving the transducer away from the first track until an
indicium of transducer position has changed in a predefined
manner relative to a reference value; and

writing a next track;

wherein tﬂe reference value is updated at some, but not

others of the plurality of track written.

2. The method of claim 1, wherein the indicium comprises the

amplitudenpf a readback signal from the moving transducer.

- 3. The method of claim 2, wherein the reference value comprises

a normalization amplitude value.

4. ~The method of claim 3, wherein the step of determining that
the indicium has changed further comprises determining if the
readback signal amplitude has been reduced by a desired amount

relative to a normalization amplitude.



mherein the reference value is updated at sone, but not others of the
plurality of track witten. 2. The nethod of claim1, wherein the

i ndi ci um conprises the anplitude of a readback signal fromthe noving
transducer. 3. The met hod of claim 2, mhereln 't

conprises a nornelization anplitude val ue. qm“m ‘“ﬂﬁllmlmem 3,
wherein the step of determning that the |nd|C|un1ha§ ctianged" f ut t Her
conprises determining if the readback signal anpl i tude has been reduced by
a desired amount relative to a nornmalization anplitude.

36 5. The nethod of claim2, wheréln the step of deternining that the
i ndi ci um has changed further conprises determning the difference between

the readback spagahe AL I 44148 A  NGnelEs fPLAL A4 SHMTRlddudeniaguenagnd

conparing the di ference o an anglitude reduction reference val ue. 6.

The net hoghef 1 Al 8k Ml had edRinydd urdheiresofpribere detemyiteingd the neasuring
the indiciumwhile the transducer is positioned on a track, and repl acing

the ref erdhffevehce bétweemchaomadbetk adgnalnanp)ikude and the

normalization amplitude value, and comparing the difference to an

amplitude reduction reference value.

6. The method of claim 1, wherein the reference value is
updated by measuring the indicium while the transducer is
positioned on a track, and replacing the.reference value with the

measured indicium value.

7. The method'of clain 3, wherein the normalization amplitnde
value is updated while ‘the transducer is reading a track by
measuring an amplitude of the readback signal, and replac1ng the
normalization amplitude value with the measured readback

amplitude.- .

. 8. The method of cLaim 1, further comprising the steps of,
prior to updating, measuring the indicium value when the
transducer is positioned on a first track, measuring the indicium
valué when the transducer is positioned at a second track, and
determining the variation between the first and second measured

indicium values.

9. The method of claim 8, wherein updating is only perfofmed if

the determined variation exceeds a threshold value.



. sThe nethod of claim 3, wherein the normalization anplitude value is
updated while the transducer is reading a track by__neasuring an anplitude
of the readback signal, and replacing the nornalization anplltude var ue

w th the nmeasured readback anplitude. . The Tﬂﬂ]
further conprising the steps of, prior to updatlng u,uﬂ "ﬂ"ﬂlg} bdlClum
val ue when the transducer is p03|t|oned on a first traék,Ltnmeasw i nRg th

i ndi cium val ue when the transducer is positioned at a second track, and
determ ning the variation between the3 i rst and second neasured indicium
val ues. 9. The nethod of claim 87" wherein updating is only perfornmed
If the determ ned variation exceeds a threshold val ue.

37 10. The.netthedmethobabm 8laivies fiwhddedni Rilecindic but hiss aitpe igmpdei twfe a
readback signal obtained fromthe transducer assenbly while reading a
track.  of1a Tradheckodignad| ebheinedifmon ﬁh?hérﬁ’éﬂi%‘l‘%ﬁéeaﬁr%ﬁ%ﬁ hile
updat ed at ever% Nth witten track, where Nis a fixed interval. 12. The
met hod of T6PSRRAI12 &HBFErn the reference value is updated at every Nth
track, where Nis a variable interval. .

11. The method of claim 1, wherein the reference value is.

updated at every Nth written track, where N is a fixed interval.

12. The method of claim 1, wherein the reference value is

updated at every Nth track, where N is a variable interval.

13. The method of claim 1, wherein the referénce amplitude is
updated é; every Nth track, and wherein N is ;nitially a
preselected value, and is subsequently increased or decreased
based upon the amount of variation between successive

measurements of the indicium.

14. The method of claim 13, wherein N is increased if the amount

.of variation is below a threshold value.

15. The method of claim 13, wherein N is decreased if the amount

of yariation is above a threshold value.

16. The method of claim 6, wherein the transducer comprises

separate read and write elements.



13.. .The nethod of claim1, wherein the reference anplitude is updated at
every Nth track, and wherein Nis initially a preseledte

subsequent |y i ncreased or decreased based upon the anD atlon
-bet ween successive neasurenents of the indicium ﬂ"'ﬂ”’gm Im
claim 13, wherein Nis increased if the amount of varlatlon

threshol d val ue. 15. The method of claim 13, wherein Nis decreased i f
the amount of variation is above a threshold val ue. 16. The net hod of

claim6, wherein the transducer'conpréses separate read and wite
el enent s. 8 38 17. The met hod of

claim 16, wherein updating further conprises the step of aligning the read

el ement 97LherhaGkLREhObe! 81 IRASU G LMLELU surcitfle cdliSe MELNOC

of claim17, ereln the rea nent TS novi N

di rectionthé bhept b8CK1DYndngr edef iand el@fnfeﬁ%t to thégtréré]? ﬂ@i&p%&f claim

17, wherein aligning the read elenent further conprises the step of noving
the read peamgumingnthieindicdumi on of the track while reading the track
until the read

18. The method of claim 17, wherein the read element is aligned
by moving it in the direction of the track by a predefined

offset.

19. The method of claim 17, wherein aligning'the read element
further comprises the step of moving the read element in the
direction of the track while reading the track until the read
element is positioned such that the readback signal amplitude has

a maximum amplitude. i

20. The Methpd of claim 17, wherein aligning the read element

further comprises the steps of:
writing at least: first, second and third tracks; and
moving the read element to a poeition between ‘the first and
thi;d tracks by servoing the read element to the at ieast first

and third tracks.

21. The method of claim 1, wherein each track comprises a

plurality of propagation bursts.



£€l-emant is p05|t|oned such that the readback signal anplitude has a

maxi mum anpl i t ude. 20. The nethod of claim 17, wherein aligning the read
el enent further conprises the steps of: witing at |east first,
second and third tracks; and noving the re sition
between the first and third tracks by servoing thgﬂlmﬁmmmuummt he at
least first and third tracks. 21. The nethod of €l a mtl, *whéretn each
track conprises a plurality of propagation bursts.

39 22. The nethod of claim 21, wherein each propagation burst is

associated with a reference value. 333, The nethod of claim22, further
conprising the steps of noving the transducer away- fromthe track mhile

nEasuring the i ndi ch-propa ation bur st

i ndi ci um 4241 u@hgatte %h8ﬁ]8%aﬁgﬁﬂnl%f eé&e??ﬁédpggééégéﬂﬁ?atlve to the
aSSOC|ategsgggqggggewyehug refegénchvgﬂga:hod of claim 22, wherein each
reference value is

23. The method of claim 22, further comprising the steps of
moving thelﬁransducer away"froﬁ the track while measuring ‘the
indicium at each propagation burst until the measured indicium
value has been changed in the predefined manner relative to the

associated referencé value.

24. The method of claim 22, wherein each reference value is
updated bﬁ meaéuring the indicium while the transducer is
positioned on the track and at its associated propagation burst,

and replacing the refergnce value with the measured indicium. ;

25. The method of claim 1, wherein each of at least first and
second tracks has an associated reference value, and wherein the
reference value associated with the second track is updated by

- measuring the indicium while the transducer is positioned on the
first track, measuring the indicium while the transduce¥ is
positioned on the second track, averaging the measured indicium
valués, and replacing the reference value associated'with the

second track with the averaged indicium value.



updat.ed by measuring the indiciumwhile the transducer is positioned on
the track and at its associ ated propagation burst, and replacing the
reference value with the nmeasured indicium 25. e —-m 1,
wherei n each of at least first and second tracks h '
reference val ue, and wherein the reference value amumwﬁm}ugﬂiﬂe
second track is updated by neasuring the indiciumwhile e cer is
positioned on the first track, measuring the indiciumwhile the transducer
is positioned on the second track, averaging the neasured indicium

val ues, and replacing the reference vallue associated with the second track
with the averaged indiciumval ue. :

40 26. T hod claim 22, wherein the plurality.of p ' .
bursts of 4 firstc f'}eg:g’f’dhé?\’;ec ajfe? o-‘éﬂ%r%’&% &ehs?pg%agé%éLW %ﬁpl?’%gsaém‘mn
plurality a{-MORAIA IF3RsRULShEKOhadk b CATd-tb-TReORErkeapEndSRce WA &inb
updating at the at |east second track i1s perfornmed by neasuring the

i ndi ci um glwesdi gy eFfagparbpanabibat bakstsieof iatstleatstaak seaend utracck i lend

i ndi ci um at each propagation burst of the at |east second track, averaging
t he measurderneidi sipdatiagues tbe atalmagk ARSI dapckspenBerteHRdty and

RSN TG W ER DTSR CRILE ST L

track, measuring the indicium at each propagation burst of the at

least secdnd track, averaging the measured indicium values for
each group of corresponding bursts, and updating each refereqce
value of the at least second track with the corresponding

averaged value.



41 . 27. A nmethod for witing a plurality of tracks in a self- servowiting

system conprising the steps of: witing at least first, second and
third tracks with a transducer; after witing each track—and
prior to witing a next track, noving the transducer ama from trac
while nmonitoring its readback signal until the reaﬂm lH“HuHﬂﬂltude
has been reduced by a predeterm ned anmount relativ I on

val ue; after witing the third track, nDV|ng t he transducer to a
position between the first and third tracks by servoing to at |east the
first and third tracks; and whtl e nai ntaining the t ransducer

position, updating the normalization anplitude by neasuring the anplitude

of the readbagkmaianal rbrofripengesopthtd183® of tracks in a self-
42 28. A self-servowiting systém ‘conprising:

servowriting system, comprising the steps of:

writing at least first, second and third tracks with a .

transducer; -

after wriﬁing each track and prio; to writing a next track,
moving the transducer away from the track while monitoring its
readback signal until the readback signal amplitude has been
reduced by a predetermined amount relative to a normalization

value;

after writing the third track, moving the transducer to a
position between the first and third tracks by servoing to at
least thé first and third tracks; and

while maintaining the t;ansducer position, updating the

-normalization amplitude by measuring the amplitude of the

readback signal from the second track.



a-starage mediun a positionabl e transducer assenbly for reading and.
witing a plurality of tracks, including position infornation, on the
storage nedi um a measuring circuit for measuri rdr i

transducer ‘position; storage for storing a refq Y a
determning circuit for determning, while the transamﬂ‘ﬂ"gmﬁmw“" n a
di rection transverse to the direction of the tracks, et her whes measur ed
i ndi cium has changed in a predefined manner relative to the to the
reference value, and if so, generating an indicator,; a servo system
for positioning the transducer relati$é to the storage nedium the servo
system substantially halting transverse novement of the transducer
relative b the Sbasage vaRaliuThNsteeaRNSor idlaghndi cator; and a
controller, the controller updating the reference Tanplitude when the
transducer is positioned at sone, but not others, of the tracks witten to
the storage nedi um 29. The system of claim 28, wherein the indicium
conpri ses the aasporageemediam;eadback signal fromthe transducer.

43 30. The system of claim 29, wherein the referen '
nornalizatirnezﬁnﬁqsﬁﬁégnegﬂﬁeFranSducer assemﬂiyef%rcgeg EHS aES”BLEEEEgaa

plurality of tracks, including position information, on the

t he

storage mediuﬁ;
- a measuring circuit for measuring an indicium of the
. transducer position; -

storage for storing a referencg valﬁe; .

a determining circuit for determining, while the transducer
is moving in a direction transverse to the direction of the
tracks, whether the measured indicium has changed in a predefined
manner relative to the to the reference value, and if so,
generating én indicator;

a éervb system for positioning the transducer relativé to
the storage-medium, the servo system substantially halting
transverse movement of the transducer relative to the storage

. medium in response to-the indicator; and
a controller, the controller updating the referencé

amplitude when the transducer is positioned at some, but not

others, of the tracks written to the storage medium.

29. The system of claim 28, wherein the indicium comprises the

amplitude of a readback signal from the transducer.



«31..» The system of claim 30, wherein the determning circuit determ nes _
whet her the readback signal anplitude has been reduced by a desired anount
relative to the normalization anplitude val ue. 32. The system of claim
29, wherein the determining circuit deternines the dj HHI n the
readback signal anplitude and the normalization amﬂlﬂ“ﬁmnuum'm
determines if the difference is equal to an anplitude reddct Ponsreference
val ue. 33. The system of claim 28, wherein the reference value is
updat ed by nmeasuring the indiciumwhile the transducer is positioned on a
track, and replacing the reference vatiie with the measured indicium val ue.
34. The system of claim 30, wherein the nornalization anplitude value is
updat ed whjg.e e Ery@ra%ﬁkusgrchg heagl f\ah@réfractmeb&efg?eﬁee'omaa anpl i t ude
of the readback si ghal rep acing t normal i zat1 on anplitude value
W th the meapuiseésr aadbamkl iagpibhud@plitude value.

44 35. The systemof claim 28, wherein prior to updating, the neasuring
circuit neasures the indiciumwhen the transducer is positioned on a first

track, agaln nmeasures the indiciumwhen the
31. The system of claim 30, wherein the determining c1rcu1t

determines whether the readback signal amplitude has been - -reduced
by a desired amount relative to the normalization amplitude

value.

32. The system of claim 29, wherein the determinigé éigcuit
determines the difference between the readback signal amplitude
and the normalization amplitude value, and determines if the
difference is gqual to an amplitude reduction reference.va;ue.
33. The system of claim 28, wherein the reference value is
updated by measuring the indicium while the transducer is
positibned{on a track, and replacing the referenﬁe value with the
measured indicium value.

34. The system of claim 30, wherein the normalization émplitude
value is updated while the transducer is reading a.track by
measuring an amplitude of the readback signal, and feplacing the
normalization amplitude value with the measured readback

amplitude.



transducer is positioned at a second track, and the determning circuit
determ nes the variation between the first and second neasured indicium

val ues. 36. The system of claim 35, wherein updating is only perforned
if the determ ned variation exceeds a threshold val ue. 37. The Bﬁiﬁﬁﬂl

claim 35, wherein the indiciumis the anplitude of a rﬂ“ﬂm“‘““
obtained fromthe transducer assenbly while reading a t

system of .claim 28, wherein the controller updates the r'ef ér efice value at

every Nth witten track, where Nis a fixed interval. 39. The system of
claim 28, wherein the reference val ue4ts updated at every Nth track, where
Nis a variable interval. 40. The system of claim 28, wherein the

ref erence anplltude i s updated at every Nth track, and ghereln N&%
initially33 prBgcPE¥Eten %ﬁlﬂba“&nﬁpqé“EHE§QqQ§ﬁPFytPnEP E80 ortMecr eased

based. UPORhBGr3MBURS rBfs ¥ HbALLAD: BT BIGRCREHCpEPRRREARRALS O { he

i ndi ci um m of

cl ai m 40, %@&@bae&l bfi ANEiessechrddx} hyaHehsures ¥AE 2hdDOibR WO VERe
t hreshol d va ue.

transducer is positioned at a second track, and the deterglnlng

circuit determines the variation between the first and second

measured indicium values.

36. The system of claim 35, whefein updating is only performed

if the determined variation exceeds a threshold value.

- 37. The system of claim 35, wherein the:indicium is the
amplitude of a readback signal obtained from the transducer

i

agssembly while;reading a track.

38. Thé system of claim 28, wherein the controller updates the
reference value at every Nth written track, where N is a fixed

interval.

39. The system of claim 28, wherein the reference value is

updated at every Nth track, where N is a variable. interval.

40. The system of claim 28, wherein the reference amplitude is
updated at every Nth track, and wherein N is initially a
preselected value, and is subsequently increased or decreased
based upon the amount of variation between successive

measurements of the indicium.



42\ Jhe system of claim40, wherein Nis decreased if the anount of
variation is above a threshold val ue. 43. The system of cl aim 33,
wherein the transducer conprises separate read and wite elenents.

44. The system of claim 43, wherein the servo syst

el enment to the track prior to neasuring the indici 3’"["”'“ Immmumnﬁstem of
ckaim 44, wherein the servo systemaligns the read elfenent®bys neving it
in the direction of the track by a predefined of fset. 46. The system
of claim44, further conprising a readback signal anplitude neasuring

circuit for measuring the anplitude of4x readback signal fromthe
transducer, the circuit nmeasuring the . readback signal anplitude as the

transducer4qnve r grse oward the track and the servo system

hal ting the traﬁséeggéy tn%&ﬁl {éi terrdddlaty LRgreAssthptf thdthe amount
det er m nedofonﬂYQtléﬁafg'%foM'{\‘mfg |

46 47 The system of claim44 %ﬁﬁgﬁthelg?brage medi um i ncl udes at

| east first, second and third tracks, and wherein the servo systemaligns

the read head Q¥ novi ng the read elenent to a
4 he system of claim 40, wherein N is decreased if the -amount

of varlatlon is above a threshold value.

'43. The system of claim 33; wherein the transducer comprises

separate read and write elements.

44. The system of claim 43, wherein the servo sysiem aligns the
read element to the track prior to measuring the indicium. .

. i
45. The system of claim 44, wherein the servo system aligns the
read element by moving it in the direction of the track by a

predefiﬂed offseﬁ.

46. The system of claim 44, further comprising a readback signal
- amplitude measuring‘circuit for measuring the amplitude of a
- readback signal from the ﬁransducer, the circuit measuring the
readback signal amplitude as the transducer moves transversely
toward the track and the servo system halting the trensverse
movement when the readback signal amplitude is determined to have

reached a maximum level.



posiktion between the first and third tracks and servoing to position
i nformation on the at least first and third tracks to maintain the
t ransducer position. 48. The system of claim 28, wherermeach—track

conprises a plurality of propagation bursts. 49. T ' el al
48, wherein each propagation burst is associated wth@ﬂmmmémj mg
50. The system of claim49, wherein the servo system e w cer

transversely away fromthe track while the neasuring circuit measures the
i ndi cium at each propagation burst of the track until the determ ning
circuit indicates that each neasured 48ndi ci um val ue has been changed in
the predefined manner relative to the associated reference val ue. 51.
The systeq}ff qﬁgin149 wherei.n the control] er .updates each _referegcg

val ue of a tTackHy ¥Rl hFiaie i4ddi ehersin [FLO5RgFaB50-BR bOFspdes
passi ng t g HANIUEHs AN G RRHP M thita LAIALE"ARA/ dEeth EHE DUESL M IN
t he neasured 1 ndicium : 52.
The syst ersyftenl alimghs tihentidy ereld of Aévimpsdhd ivedld aldmenteeend tracks
witten has an associ ated reference value, and wherein the reference

val ue of tprsiddommdatweasn itheyufdatsédapy third tracks and servoing to-

position iﬁformation on the at least first and third tracks to

maintain the transducer position.

48. The system of claim 28, wherein each track comprises a

plurality of propagation bursts.

49. The sygtem of claim 48, wherein each probagation burst is
associated with a reference vélue. i

50. The system of claim 49, whgrein thé servo system moves the
transduder transversely away fram the track while the measuring
circuit measures the indicium at each propagation burst of the
track until the determiningdcircuit indicates that each measured

- indicium value has béen changed in the predefined manner relative

to the associated reference value.

51.-“The system of claim 49, wherein the controller'updates each
reference value of a track by measuring the indicium at each
propagation burst passing the transducer and replacing the

reference value of the burst with the measured indicium.



measw i ng the indiciumwhile the transducer is positioned on the

first

track, nmeasuring the indiciumwhile the transducer is positioned on the
second track, averaging the neasured indicium values,  and replacing the

reference value associated with the second track with the averaged
i ndi ci um val ue. 53. The system of clai m 49, \/\/ne”ulmmn __ muﬂﬁu y of
ptr opagati on bursts of a first track have a one-to el ce-with

*

t he plurality of propagation bursts of at |east a second tMacR, &nd.

wherein updating at the at |east second track is perforned by

measuri ng

the indiciumat each propagation burst?of the first track, neasuring the

i ndi ci um at each propagation burst of the at | east second trac

k1

r agi h d indiciumva| for, h pai f di
bur St 9, ARG updae ) R T T R 9y APaBetE SHON B cliag%0n TBIPR Bt he

second tragkodiit bridies wHEESPE NG %§§5§9§geHQféférence value,

and

wherein the reference value of the second track is updated by

measuring the indicium while the transducer is positioned on' the

first t;ack; measuring the indicium while the transducer

is

positioned.on the second track, averaging the measured indicium

values, and repiacing the reference value associated with the

second track with the averaged indicium value.

53. The system of claim 49, wherein the plurality of propagation

bursts of a first track have a one-to-one correspondence

with the

plurality of propagation bursts of at least a second track, and

wherein updating at the at least second track is performed by

measuring the indicium at each propagation burst of the first

~ track, @éasuring the indicium at each propagation burst of the at

least second. track, averaging the measured indicium values for

.each pair of corresponding bursts, and updating the reference

- value of each propagation burst of the second track with

corresponding averaged value.

the



