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Servowriting.” METHODS- AND SYSTEMS FOR SELF-SERVOWRITING
INCLUDING MAINTAINING A REFERENCE LEVEL
WITHIN A USABLE DYNAMIC RANGE

Cross-Reference to Related Agglications

This application is related to the following
commonly owned United States Patent Applications:

Serial No. 08/028,044 of T. Chainer et al. filed
on March 8, 1993 entitled %A Method and System for
Writing a Servo-Pattern on a Storage Medium;"

.Serial No. 08/348,773 of T. Chainer et al.,
filed on December 1, 1994'ent§tled "Improvements in
Self-Servowriting Timing Pattern Generation;" and

Serial No. 08/349,028 of E. Yarmchuk et al.,
filed on December 2, 1994 entitled "Radial Self-
Propagation Pattern Generation for Disk File
Servowriting. "

Each of these applications is hereby
incorporated by reference herein in its entirety.

Field of the Igveﬂtion

This invention relates generally to storage
devices for computers. More particularly, it relates
to a disk drive apparatus, and to a method for
writing servo information therein.



Each of these applications is hereby incorporated by reference herein in
fts enatirety. ' Field of the I'nvention Thi s

i nvention relates generally to storage devices for conputers. Mre
particularly, it relates to a disk drive apparatus, and to a nmethod for
witing servo information therein. -2-
Background of the Invention I ncreased | evels of storage capacity in
fl oppy and hard disk drives are a direct result of the higher track
densities possible with voice-coil and other types of servo positioners.
Previously, low track density disk drivesfwere able to achieve satisfactory
head positioning wth | eadscrew and stepper notor nechani snms. However, when

track densities are so greatgthat Lhes "B | CRlv&iEdn Of 2

| eadscr ew st epper not or conbrﬁgg#UH—FS‘srg%g?rcaﬁgiccnpared to

track-to-track spacing, an enbedded servo-pattern is needed so that the

position of .the headigeredfed clOral S fEEERdGE SAPHRA Sy | inl £PESPY -
and hard disk drives are a direct result of the
higher track densities possible with voice-coil and
other types of servo positioners. Previously, low
track density disk drives were able to achieve
satisfactory head positioning with leadscrew and
stepper motor mechanisms. However, when track
densities are so great that the mechanical error of a
leadscrew-stepper motor combination is significant
compared to track-to-track spacing, an embedded
servo-pattern is needed so that the position of the
head can be determined from the signals it reads.

Conventional hard disk manufacturing techniques
often include writing servo-patterns on the media of
a head disk assembly (HDA) with a specialized
servowriter instrument. Laser positioning feedback
is used in such instruments to read the actual
physical position of a recording head used to write
the servo-patterns. Unfortunately, it is becoming
more and more difficult for such servowriters to
invade the internal environment of an HDA for
servowriting because the HDAs themselves are
exceedingly small and depend on their in-place covers
and castings for proper operation. Some HDAs are the
size and thickness of a plaséic credit card. At such
levels of microminiaturization, traditional
servowriting methods are inadequate.



Conventional hard di sk manufacturing techniques often include witing

sér vo- patterns on the media of a head di sk assenbly (HDA) with a
specialized servowiter instrunent. Laser positioning feedback is used in
such instrunments to read the actual physical position of a recordi ng head
used to wite the servo-patterns. Unfortunately, it is becomng nore and
nore difficult for such servowiters to invade the internal environnment of
an HDA for servowiting-because the HDAs thensel ves are exceedingly snall
and depend on their in-place covers and cagtings for proper operation. Sone
HDAs are the size and thickness of a plastic credit card. At such |evels of
m crom ni aturization, traditional servowiting nethods are inadequate. -
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ursts of a constant_ frequen ery cise ocated of fs roma
data track's cert@IPT#%, glb %]?'ﬁg?@%l T‘Fl%%fﬁ'irt yﬁ?@‘%‘é%r%+%eibut not
required to -be, \*emiatprlecnseereratedyoﬁfsdm nf:a:m rackataheracksss are

witten in a sectgr fﬁe?fgﬁ.e agl ;éﬂg dPe center line of
a track. Staylng on cen s req U|red ur|n th rea and writing.
Si nce generally, but not required to be located in a

trajectory within a track. The bursts are written in
a sector header area, and can be used to find the
center line of a track. Staying on center is
required during both reading and writing. Since
there can be sixty, or even more, sectors per track,
that same number of servo-pattern areas must be
dispersed around a data track. These servo-pattern
areas allow a head to follow a track center line
around a disk, even when the track is out of round,
as can occur with spindle wobble, disk slip and/or
thermal expansion. As technology advances provide
smaller disk drives, and increased track densities,
the placement of servo-patterns must also be
proportionately more accurate.

Servo-patterns are conventionally written by
dedicated, external servowriting equipment, and
typically involve the use of large granite blocks to
support the disk drive and quiet outside vibration
effects. An auxiliary clock head is inserted onto
the surface of the recording disk and is used to
write a reference timing pattern. An external
head/arm positioner with a very accurate lead screw
and a laser displacement measurement device for
positional feedback is used to precisely determine
transducer location and is the basis for burst
placement and spacing of bursts in successive tracks.
The servowriter requires a c¢lean room environment, as



there can be sixty, or even nore, sectors per track, that same nunber of
sdarvo-pattern areas nust be dispersed around a data track. These
servo-pattern areas allow a head to follow a track center |ine around a

di sk, even when the track is out of round, as can occur with spindle
wobbl e, disk slip and/or thermal expansion. As technol ogy advances provide
smal l er disk drives, and increased track densities, the placenent of
servo-patterns nust al so be proportionately nore accurate.

Servo-patterns are conventionally witten ;y dedi cat'ed, external

servowiting equi pment, and typically involve the use of large granite

bl ocks to support the disk dri've and quiet outside vibration effects. An
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is used to wite a reference timng pattern. "An ext ernal arm

posi tioner with & vaklowckhe fAecess o8 ckhsy eFrEndhkeadial acenent

measur enent .devigertdHopOsi tional feedback is used to precisely determ ne
transducer location and is the basis for burst placenent and spaci ng of
bursts in successive tracks. The servowiter requires a clean room

envi ronnent, as United States Patent No. 4,414,589 totObkivéesketind

heads wi |l Dbe exppsegeLorihés CO¥--ORFPPing wherein optimum track
spacing is determined by positioning one of the
moving read/write heads at a first limit stop in the
range of travel of the positioning means. A first
reference burst is then written with the moving head.
A predetermined reduction number or percentage of
amplitude reduction X%, is then chosen that is
empirically related to the desired average track
density. The first reference burst is then read with
the moving head. The moving head is then ‘displaced
away from the first limit stop until the amplitude of
the first reference burst is reduced to X% of its
original amplitude. A second reference burst is then
written with the moving head and the moving head is
then displaced again in the same direction until the
amplitude of the second reference burst is reduced to
X% of its original value. The process is continued,
writing successive reference bursts located in
successive tracks and displacing the moving head by
an amount sufficient to reduce the amplitude to X% of
its original value, until the disk is filled with
reference bursts in tracks (i.e., a propagation
pattern). The nﬁmber of reference bursts so written
is counted and the process is stopped when a second
limit stop in the range of travel of the positioning
means is encountered. Knowing the number of tracks
written and the length of travel of the moving head,
the average track density is checked to insure that



to al low the access of the external head and actuator. United States
Patent” No. 4,414,589 to Oiver et al. describes servowiting wherein

opti mumtrack spacing is determ ned by positioning one of the noving

read/ wite heads at a first Iimt stop in the range of travel of the
positioning neans. A first reference burst is then witten with the noving
head. A predeterm ned reduction nunber or percentage of anplitude reduction
X% is then chosen that is enpirically related to the desired average track
density. The first reference burst is thgn read with the noving head. The
noving head is then displaced away fromthe first limt stop until the
anplitude of the first reference burst is reduced to X%of its original
anplitude. A sgeoig wethianaephedeiterminednranget offi vhehdebéredvi ng head

and the noving_head is, the | spl. a pn.until the
anpl i tude of ?ﬁ¥e§398n5rF5 e gﬁgé urs?%aSQFeaﬁ§£§9§oE§@g ﬁgﬁgggyfglha|

val ue. The proaeshlgh,cch8|duek,nawemﬁﬁgdbucbesK%vvaiuﬁensnéOWB@eﬁts
Located 1n SUCGERSLYR h&%ﬁgfﬁg%  FepRlaSl fe BV aRErigadhYcRn anount

sufficient to reduce X% of 1ts original “value, until the
disk is fllleddﬁpﬁﬁtwéﬂéréﬁvb ires diskn is gzRged;, . the X% vadugadison

pattern). The Aweheaseld aedeLBRC prYdeHsS 1%orapetatea lsmoumaed and the

process is stop ed mhen a second I|n1t st e of .travel of the
posi ti oni ng me e gF q&uﬁﬂlv ﬁbﬁb? FE%P? ritten and

the |l ength of tﬁagd offthhedesﬂnq@Iamaiageheramkrdgasut&ckthensity S
checked to inSW@%fQQ@:reduction rate X%, for a given average track
density, has been detérmined and the servowriter hay
then proceed to the servowriting steps, using the
collection of reference bursts written as a
propagation pattern. This technique cannot
accommodate changes in reference levels which may be
required across the disk surface.

The process of servowriting using only the
internal recording transducer and product actuator,
(one form of self-servowriting) is thus generally
known to involve a somewhat rigid application of
three largely distinct subprocesses: writing and
reading magnetic bursts to provide precise timing;
positioning the recording transducer at a sequence of
radial locations using the variation in readback
signal amplitude from propagation bursts as a
sensitive position transducer; and writing the actual
product servo-pattern at the times and radial
locations defined by the first two subprocesses.
Again, such techniques currently suffer from exposure
to changing conditions across the disk surface, and,
in addition, to manufacturing tolerances in the HDAs
themselves.



- p- Jjt is within a predeterm ned range of the desired average track
dehsity. If the average track density is high, the disk is erased, the X%
value is lowered and the process is repeated. |If the average track density
is low, the disk is erased, the X% value is increased and the process is
repeated. If the average track density is within the predeterm ned range of
the desired average track density, the desired reduction rate X% for a

gi ven average track density, has been determ ned and the servowiter nay
‘then proceed to the servowiting steps, usgng the collection of reference
bursts witten as a propagation pattern. This technique cannot acconmodate
changes in réference I evels which may be required across the disk surface.
Thg progess of servovwrhétirtg?tusé@g%ﬁea?/?f@esymam_aénda@@ﬁddﬁ@s féﬂnsdlulcer
and product actuator, (one form of self-servow it LS thu nerally
tnovn Lo L nvol viSE L REaRS FERG wBiFh FF R0k ‘$TeRubTe old WEIERT cl
subprocesses: waoévergpma cche adefjciengoies cobuthe spresenly denpwaci se
timng; positiong Iéﬁ&&éﬁf&f&ﬂ@ Eé;lﬂggﬁgé.at a sequence of radi al

| ocations using the variation 1 n readback signal anplitude from propagation
bursts as a sensitive position transducer; and witing the actual product
servo-pattern at the tines andgﬂ'gﬁ! |FC dheO THvéaiiiead by the first two
subprocesses. Again, such techniques currently suffer from exposure to
changi ng conditions across the disk surface, and, in addition, to
manuf act uri ng tol er arBebefly t bamhiAizeédenele vesesent invention, in

one aspect, is a method and system for writing
propagation bursts in a self-servowriting system.

The system has a storage medium with a plurality of
tracks for holding bursts therein. The method and
system include servoing to a first propagation burst
located in a first track in the plurality of tracks,
and writing a second propagation burst in a second
track of the plurality of tracks while servoing to
the first propagation burst. The first track does
not immediately precede the second track.

. The first track may succeed the second track, in
which case the method and system may further include
servoing to a third propagation burst located in a
third track of the plurality of tracks, and writing
the first propagation burst in the first track while
servoing to the third propagation burst, wherein the
third track precedes the second track.

The first track may precede the second track
(i.e., there is at least one track between the first
track and the second track) in which case the first
track may be the penultimate preceding track relative
to the second track.



-.6- L What is required are systens and nethods for self-servowiting
which are nmore flexible and which overcome the deficiencies of the
presently known sel f-servowiting techniques. _ - Summary of

t he I nvention Briefly summari zed, the present invention, in one
aspect, is a nethod and systemfor witing propagation bursts in a
self-servowiting system The systemhas a storage nediumwith a plurality
of tracks for holding bursts therein. The method and system i ncl ude
servoing to a first propagation-burst locgted in a first track in the
plurality of tracks, and witing a second propagatlon burst in a second
track of the pIurallty of tracks while servoing to the first propagation

burst. The first tragked t Lakgl rgegdeih c s gok
The first track Z thcgggh?ﬁeagggggde%§a§a9 ?%g l E@g&%egaﬁvbiﬁghod and

system may f urt h@r&j RePEd 1§¥r98|H§°969§tiﬁprBuﬁﬁﬁﬁaghPFBHdbﬁgsFhﬁocated in
a third track ofitbe propagatyonfbuiseksloaated ifii PE€spective tracks

of the plurality of tracks. 1In this case, the
writing may include writing the second propagation
burst while servoing to the plurality of propagation
bursts. Further, the servoing may include deriving a
function from signals received from the plurality of
propagation bursts, and the function may be a
weighted average calculated from the signals.

In another aspect, the present invention is a
method and system for writing product servo-pattern
bursts in a self-servowriting system having a storage
medium with a plurality of tracks for holding bursts
therein. The method and system include writing a
first product servo-pattern burst in a first track of
the plurality of tracks. The method and system
further include writing a second sequential product
servo-pattern burst in a second track of the
plurality of tracks while servoing to a third
propagation burst located in a third track. The
third track is located intermediate the first track
and the second érack. There may be a plurality of
prbpagation bursts located in respective tracks of
multiple tracks of the plurality of tracks.. In this
case, the multiple tracks include the third track and
are located intermediate the first track and the
second track in which the sequential product servo-
pattern bursts are written.

In yet another aspect, the above-described
positioning sequences may be combined in a method and



the first propagation burst in the first track while servoing to the third
propagatlon burst, wherein the third track precedes t he second track.

The first track may precede the second track (i.e., there is at |east one
track between the first track and the second track) in which case the first
track may be the penultinmate preceding track relative to the second track.
-7- The nmet hod and system may al so i nclude servoing to a plurality of
propagation bursts, including the first propagation burst, located in
respective tracks of the plurality of trgcks. In this case, the witing nmay
I nclude witing the second propagation burst while servoing to the
plurality of propagation bursts. Further, the servoing may include deriving

a function frogystamakksr reepifng &' QaftabenQIaUéabhax QEVE!I.OEﬁgat'On bursts,
and the function hted av bage %alculate Rn;the si,gnal s.

T another aspBERBLEn8YpRRLE Fandtent THR FELRTRBPROGLGRALOVEVEM FB e ting -
product servo-patteto positionnaawsdke- headowhilengriyihgmahavi ng a storage

medium wi th a p&g@%&goaf phEREKR bR o"BLYEHBDYESLS otBEEEL nelEm ™! MO

and system i nctu
of a self- servowrltlng system. The method and system

include using a first positioning sequence for
reading and writing a first portion of propagation
bursts of the propagation pattern over a first region
of the surface. The method and system further
include using a second, different pbsitioning
sequence for reading and writing a second portion of
propagation bursts of the propagation pattern over a
second region of the surface. The reference signal
level is thereby kept in the usable dynamic range for
positioning said write head while writing the first
and second portions of the propagation pattern.

In still another aspect, the present invention
includes a method for writing timing and positioning
bursts of a propagation pattern in a self-
servdwriting system. The system may have a storage
medium with a plurality of tracks for holding bursts
therein. The method and system include writing a
plurality of successive propagation bursts comprising
a portion of the propagation pattern in first
respective tracks separated by a first track pitch.
Further, a plurality of successive timing bursts are
written comprising said portion of the propagation
pattern in second respective tracks of the plurality
of tracks. The second respective tracks are
separated by a track pitch different than the first
track pitch. At least one of the first respective



fisrst product servo-pattern burst in a first track of the plurality of
tracks.” The nmethod and system further include witing a second sequenti al
product servo-pattern burst in a second track of the plurality of tracks
while servoing to a third propagation burst located in a third track. The
third track is located internediate the first track and the second track.
There may be a plurality of propagation bursts |ocated in respective tracks
of multiple tracks of the plurality of tracks. |In this case, the multiple
tracks include the third track and are I qeated internediate the first track
and the second track in which the sequential product servo- pattern bursts
are witten. In yet another aspect, the above-described p03|t|on|ng
sequences nmay berewis medr icomprizenat drwhst one of the second

- 8- systenlforé%$ ¢£¥§&§nce signal level in a usable dynam c
range. The reférerice S|gna evel is used to position a wite head while

writing a propagation pattern on a surface of a storage nedi um of a

sel f-ser vowri tN9 Sy SiiMabobal JEUSKIbE hebtiitae iRt il gkt 111 St

posi ti oni ng sequence f reading and witing a first portion of propagation
bursts of the p ﬁﬁi1%ﬂu§'§¥¥ﬁ1§9¥WQﬁ¥%§¥ng storage

system having a circular medium with a plurality of
radial tracks therein, and wherein a rotary actuator
is used to self-servowrite the wmedium.

By employing the methods and systems of the
present invention, changes in reference levels can be
accommodated across the medium surface, thereby
compensating for changing self-servowriting
conditions across the disk surface, including
compensating for manufacturing tolerances in spaced
read and write heads and the skew angle of a rotary
actuator.

Descrigtion of the Drawings

The subject matter regarded as the present
invention is particularly pointed out and distinctly
claimed in the concluding portion of the
specification. The invention, however, both as to
organization and method of practice, together with
further objects and advantages thereof, may best be
understood by reference to the following detailed
description of the invention and the accompanying
drawings in which:

Fig. la depicts two positions of a magneto-
resistive read and write element pair possible in a
rotary actuator system;



of the surface. The method and system further include using a second,

di fferent posi tioning sequence for reading and witing a second portion of
propagation bursts of the propagation pattern over a second region of the
surface. The reference signal level is thereby kept in the usable dynamc
range for positioning said wite head while witing the first and second
portions of the propagation pattern. In still another aspect, the
present invention includes a nethod for witing timng and positioning
bursts of a propagation pattern in a selfg.servowiting system The system
may have a storage nmediumwth a plurality of tracks for holding bursts
therein. The nethod and systeminclude witing a plurality of successive
propagation bursts Eﬁgprlhidgp&cner&baﬂ efleineatpanpageiuiden changesn in first

respective tragggmsgga gtgggg Pzér %S?ﬁgPﬁsggéP Further, a plurality of

successive tinng bir st g portlon of the
propagation pattern in second respectlve tracks of the plurality of tracks.

The’second respecti yeql' 3akaepieracaf@hitaliudel 8¢k glaRibhRI eNt than

the first track gltch At | eaSt one o I.rst respect
-9- tracks neleEWRER kbearepbgke ok repd; pRdsWEdLE Pé§ﬂ@@FPVe tracks.

Fig. 2b depicts displacing a read element just
enough to reduce the read back amplitude to a
reference level maximum;

Fig. 2c depicts displacing the read element just
enough to reduce the read back amplitude to a
reference level minimum;

Fig. 3a depicts a typical skew angle for a
typical rotary actuator across a disk surface;

Fig. 3b depicts the resulting offset between the
read and write elements for the rotary actuator of
Fig. 3a;

Figs. 3¢ and 34 depict changes in the minimum
and maximum move distances across the disk surface;

Fig. 3e depicts the usable dynamic range of a
reference level for an exemplary desired track
spacing (servo track spacing = % data track spacing)
across the disk surface;

Fig. 4 depicts a first positioning sequence
according to the principles of the present invention;



The abave-described nethods and systenms are especially useful in a

sel f-servowiting storage systemhaving a circular nediumw th a plurality
of radial tracks therein, and wherein a rotary actuator is used to
self-servowite the medi um By enpl oyi ng the methods and systens of
t he present invention, changes in reference | evels can be acconmodat ed
across the nedium surface, thereby conpensating for changing

sel f-servowriting conditions across the disk surface, including
conpensating for manufacturing tol erancesii.n spaced read and wite heads
and the skew angle of a rotary actuator. Description of the
Dr awi ngs The subject matter regarded as the present invention is

particul arly poi nt edfbgt andeﬂieténatbgcﬁhdip@ﬁﬁi{?ﬁiﬁgC@@qﬁéﬂbég'Portiog
of the specificafl « The i n t] e th as to organization an
met hod of pract?%%?P?%%QtE%rgﬁgthggﬁ?gﬁgggo%fegﬁé %ﬁﬁ?%ﬁ%aﬁ&%ﬁ% *Phér eof
may best be understood by reference to the follow ng detail ed description

of the invention andpife @CEEBPALYI Bt/ -éfbﬂtﬁ he Fig. la
depicts two position %f a nggﬁeto; resistiégé}ea aﬁ% 3? t%p% enent pair
0

possible in a r3tePyaing tPokheRYinFiples of the present invention;

Fig. 7 depicts a fourth positioning sequence
according to the principles of the present invention;
and '

Figs. 8a-b depict timing patternland propagation
pattern generation according to the principles of the
present invention.

Detailed Description of the Invention

_ The inventors of the present invention have
discovered that the shortcomings of the previously
described techniques are especially problematic if
congidered in connection with the use of modern
magnéto-resistive heads which use separate
magneto-resistive read and inductive write heads.
For recording heads in which the read and write
elements are physically separate, the dynamic range
of radial displacement is a function of the read and
write widths and the relative offset of the read to
write element. Further, when used in combination
with rotary actuators, the offset also becomes a
function of the angular position of the actuator.
Unfortunately, for certain combinations of the above
parameters, the radial displacement required may not
be achievable within the usable dynamic range of a
reference level used to position the actuator. The



-10- - Fig. | b depicts read el enent anplifude changes from an on-track

t‘o of f-track position; Fig. 2a depicts a manufactured offset
possi bl e between the centers of read and wite el enents; Fig. 2b
depicts displacing a read el ement just enough to reduce the read back
anplitude to a reference |evel maxi mum Fig. 2c depicts displacing
the read el enent just enough to reduce the read back anplitude to a
reference | evel m ninum Fig. 3a depicts a typical skew angle for a
typical rotary actuator across a disk sugpace; Fig. 3b depicts the
resulting offset between the read and wite elenents for the rotary
actuator of Fig. 3a; Figs. 3c and 3d depict changes in_the m ni num

and maxi num novgr ibst teciasi quemsdo tinet diddkrens fsapmrate read and
write elements, on rotary actuators, and the
resulting dynamic range limit. This invention
overcomes these limitations by proposing alternative
propagation positioning techniques.

Self-servowriting, when used herein, connotes
generally using the medium itself, and propagation
patterns thereon, to position the head during writing
of the product servo-pattern. Although in preferred
embodiments the same head system is used to write the
propagation patterns, product servo-patterns, and

. read and write data on the medium; other self-
servowriting systems may include separate head
systems for writing the propagation patterns, product
servo-patterns, and reading and writing data on the
medium. '

Magneto-resistive recording heads used in
current disk drive designs may have separate read and
write elements or heads as shown in Fig. la. The
read 105 and write 100 elements typically have
different widths and are physically separated by a’
distance D 120. When these heads are used in
combination with modern rotary actuators in exemplary
positions 115 and 110 respectively, the read and .
write offset 125 changes due to the skew angle 130 of
the head to track resulting from the angular rotation
of the actuator and the physical distance D 120
between the elements. The offset is given by:



Fi.g. 3& depicts the usable dynam c range of a reference |evel for an
eienpléry desired track spacing (servo track spacing = [err] data track
spaci ng) across the disk surface; Fig. 4 depicts a first positioning
sequence according to the principles of the present invention;

Fig. 5 depicts a second positioning sequence according to the principles of
the present invention; Fig. 6 depicts a third positioning sequence
according to the principles of the present invention; Fig. 7 depicts
a fourth positioning sequence according t@sthe principles of the present

I nvention; and Figs. 8a-b depict timng pattern and propagation
pattern generation according to the principles of the present invention.

Offset=D sin (B)

In the propagation of bursts, the read element
is servoed to the edge of an amplitude burst. A
position signal is obtained by measuring the
normalized read head amplitude. The head is servoed
to a predetermined percentage (i.e., "reference
level”) of the on-track amplitude which displaces the
head radially with respect to the propagation burst
centers. As shown in Fig. 1b the normalized read
element amplitude changes approximately linearly from
1 when on-track to 0 when the read element is
completely off-track. In practice there are limits
on the minimum and maximum reference levels required
to provide a position signal for the servo system
which we will refer to as Reference Level Maximum 150
and Reference Level Minimum 160. The radial
displacement (in this embodiment measured along the
trajectory of the actuator) corresponding to a change
in amplitude is a function of the difference in the
write element width 170 and the read element width
180 and also the offset 125 between the centers of
the read and write elements as shown in Fig. la. In
addition, there may also be an offset between the
write and read elements built into the head design at
the time of manufacture, and/or other manufacturing
tolerances which aggravate the self-servowrite
problems discussed above.

In the above-identified U.S. Patent Application
entitled "RADIAL SELF-PROPAGATION PATTERN GENERATION
FOR DISK FILE SERVOWRITING," a technique is disclosed



Det ai | €d Description of the Invention The inventors of the present

i nvention have di scovered that the short com ngs of the previously described
techni ques are especially problematic if considered in connection with the
use of nodern magneto-resistive heads which use separate magneto-resistive
read and inductive wite heads. For recording heads in which the read and
wite elenents are physically separate, the dynam c range of radi al

di spl acenent is a function of the read and wite widths and the rel ative

offset of the read to wite el ement. Further, when used in conbination with

rotary actuators, the offset also becomes a function of the angular
position of the actuatar. Unfortunately, for certain conbinations of the

above paraneterto afgustdthe ﬁéfp&&a&&enévéequbtedsWﬁhenaishesa§E59é3b|ﬁ
wthin the usablg GyRaRken BU8BeR edack! SpaRER! © Bhutied [ RRRS! 10N Lhe

actuator. The ] ] : i echni ques do
not address sepaPRlécatignaddesr nos eddmesssanyntechaniguest tetors, and the

resul ting dynanbgerasge thel hbsbliutel RARRRLANANCHEATRAN' HETE1L M tati ons
by proposing alégggggggg Rgggggatlon positioning techni ques.

There are two ranges of motion which can be
calculated from the dynamic range of the on-track
amplitude referred to respectively as the MinimumMove
and the MaximumMove.

The case of propagation of the pattern from
ingide diameter ("ID") to outside diameter ("OD") is
described, but similar equations can be written from
the OP to ID. In either case, the tracks in which
the pfopagation patterns and'servo-patterns are
written can be considered to be arranged successively
relative to this general direction of propagation
across the disk surface. The offset is defined as
positive if the read element center is displaced
towards the OD relative to the center of the write
element. The MinimumMove corresponds to the minimum
displacement the read head will undergo corresponding
to the minimum change in read signal amplitude from
the on-track value. As shown in Fig. 2a, a dual
element head may have a manufactured offset 210. The
MinimumMove distance shown in Fig. 2b corresponds to
displacing the read element 105 just enough to reduce
the readback amplitude to the Reference Level Maximum
to allow servoing of the head to the edge of the
propagation burst track. As shown in Fig. 2b the
MinimumMove distance is given by

.



Sel f-servowiting, when used herein, connotes generally using the nmedi um
i'tsel f, and propagation patterns thereon, to position the head during
writing of the product servo-pattern. Al though in preferred enbodi nents the
sane head systemis used to wite the propagati on patterns, product
servo-patterns, and read and wite data on the nedium other self-
servowiting systens may include separate head systens for witing the
propagation patterns, product servo-patterns, and reading and witing data
on the medi um Magnet o-resi stive-ggcordi ng heads used in current
di sk drive designs may have separate read and wite elenments or heads as
shown in Fig. la. The read 105 and wite 100 el enents typically have
different widths and are physicalkw.sgpg%pteg by a distance D 120. When
t hese heads. are useMinfimommbieat i i FHnoffkaty (Bl WAL QLS in
exenplary positions 115 and 110 respect%vely, the read and wite offset 125
changes due to the skew angle 130 of the head to track resulting fromthe
angul ar rotation of the actuator and the physical distance D 120 bet ween
the elenents. The offset is given by:
- 13- where W,,. is the write width, W, is the read

width, and (Fp,) Wis (215) is the fraction of the

read element width which is displaced beyond the edge

of the written amplitude burst.

The MaximumMove as shown in Fig. 2c¢ corresponds
to the maximum displacement the head will undergo
corresponding to reducing the head readback amplitude
to the Reference Level Minimum. This can similarly
be shown to be given by:

i

MaximumMove = (W""“e; Wread) _ Offset+(F,,) W,

ead

where (Fu.) Weeas (220) is the fraction of the read
element width which is displaced.

For linear actuators the offset is a constant
and therefore the MinimumMove and MaximumMove
distances. are fixed for the entire data band.
HoWever,.in the case of rotary actuators, the offset
is a function of radial position, therefore the
Minimum and MaximumMove distance will depend on the
radial location of the head. The skew angle for a
typical rotatory actuator shown in Fig. 3a has a
change of skew angle of -5 to 17 degrees when the
rotary actuator moves from the ID to the OD data
track over the surface. (Assuming a write width of



CIfseb Dsin([err]) In the propagation of bursts, the read el enent
i's servoed to the edge of an anplitude burst. A position signal is obtained
by neasuring the nornalized read head anplitude. The head is servoed to a
predeterm ned percentage (i.e., "reference level") of the on-track
anplitude which displaces the head radially with respect to the propagation
burst centers. As shown in Fig. |b the normalized read el enent anplitude
changes approximately linearly from 1l when on-track to O when the read

el enent is conpletely off-track. In prachigce there are limts on the

m ni nrum and nmaxi mum reference levels required to provide a position signal
for the servo systemwhich we will refer to as Reflerence Level Maxi num 150
and Reference L2velpiM amduan #6684 Wi:éthadfaz 3i mpl avd nerwrite-td+sead

enbodi ment ”Ea3€i§ﬂ33£q§95£ ‘._.‘L_rgsqfegtgrl%(‘H fﬁ 3 &SP ﬁgréﬁspondlng to

achange in anpl | IS a unction o erence Int wite el enent
width 170 and t¢»\§f$%‘édoﬁl%h%n’é‘ewidﬂndlﬂnl%debﬂfwﬁﬁe‘%wke%s125 bet ween

the centers of hstésadlﬁnﬂimlﬁs 2h&NBRbWs 38 SHOFE® im the. la. In
addi ti on, there n offfet bet ween tgf wjte, and read el enments

bui | £ inio the FERY/ HELEGnOEEoeheoE | AEPEHR TR LE D b iCHIPRF B0l
manuf act uri ng teher abces @biLch aggravate the self-servowite problens
di scussed above. In the above-identified U S. Patent Application
entitled "RADI AL SELF- PROPAGATI ON PATTERN GENERATION FOR DI SK FI LE
SERVOMRI TING " a t ecEhegMénisusMoveodigtance is shown in Fig. 3¢,

and the MaximumMove distance is shown in Fig. 34 for
‘the case of a Reference Level Maximum of 0.9 and a
Reference Level Minimum of 0.3. As shown in Fig. 3e,
for the case of a minimum servo track pitch equal to
1/2 of the data track pitch the head would not be
able to displace that-distance over the entire data
radius.

The present invention expands the range of
accessible servo track pitches using one, or
alternatively a combination of, the following
sequences as described below:

Product servo track spacing is less than MinimumMove

In the case when the MinimumMove distance
exceeds the servo track pitch, several positioning
sequences are disclosed to overcome this limit.
These three sequences all have in common the feature
that bursts outside an immediately preceding track
are used while writing. These sequences can be
considered either spatial or temporal sequences.

a. Sequence #1:



-14- ~to adj ust the reference | evel across the disk surface to maintain
proper track spacing. However, that application does not address any
t echni ques to overcone the absol ute maxi mum and mini mum | evel s di scussed

her ei n. There are two ranges of notion which can be cal cul ated from
the dynami c range of the on-track anplitude referred to respectively as the
M ni munmivbve and the Maxi num\bve. The case of propagation of the

pattern frominside dianeter ("ID') to outside dianmeter ("OD") is
described, but simlar equations can be_whiLtten fromthe ODto ID 1In

ei ther case, the tracks in which the propagati on patterns and
servo-patterns are witten can be considered to be arranged successively
relative to this geriiien the adinimumioys cfbslizdnos exeesds ttite dsskvesur f ace.

The offset is d€£+8§dv€§?f§§'tﬁ3§a réégb%éighei a£ﬁ£§6%¥JS displaced

towards the OD re he " cent enen he M ni munivbve
corresponds to €pmbinatiems o plaraernforwrrd card I‘ﬁf&%ille—r | bagieard

correspondi ng tﬁb& ”&@é W&Qhéﬂéﬁn'ﬁnr 349nataéﬂpﬁté§d€fff£§1tbe
on-track val ue. . 24, a dua eI nt head naé*have a

n
manuf act ur ed ofk%%%nﬁlﬁ q?%@#ﬂ ke HWCYRLEIRS 2p
corresponds to ﬁre@éaslag ahﬁoiﬁadwhéﬁeﬁﬂhelﬁéaaUS$ sepuging oo egduce t he

readback anplit 5?£ %&Sﬁéﬁ%?&&ﬂﬁ&réévgﬁdN@%iﬁyﬂatg gééggaserv0|ng of the

head to the edg
propagation burst. A burst, as used herein, broadly

connotes any form of physical mahifestation, on the
disk surface, used to carry information or to
position the head (e.g., tramsition, pulse, pulse
train, etc.) The product servo-pattern is shown at
the left as a continuous vertical line of data that
has been stitched together from repeated writes at
the same sector location, for illustrative
simplicity. The'propagation bursts are shown in the
middle with the labels, "n","n+1", ... indicating the
sequence of propagation bursts at successive radial
locations. Tracks 200 are shown corresponding to
bursts n and n-3; the overlapping tracks n-1 and n-2
are.hot shown. (Tracks are merely regions on the
medium which generally accommodate a trajectory of

- bursts.) The collection of tracks 200,, ... 200, are
referred to herein as a plurality'of successive
tracks on the medium, and when the terms "preceding"
and "succeeding" are used herein, they connote the
physical relationship of the tracks unless otherwise
explicitly indicated. Track 200, , is "penultimate"
to track 2bonu, and track 200, is between or
intermediate these two tracks. |

The radial location of the read (105) and write
(100) elements is shown at the right, with the dotted



ngpagation burst track. As shown in Fig. 2b the M ninmum\Vove di stance is
glven'by . [err] where Werr] is the wite width, Werr]
is the read width, and (F[err]) Werr] (215) is the fraction of the read

el ement width which is displaced beyond the edge of the witten anplitude
bur st. The Maxi mumvbve as shown in Fig. 2c corresponds to the maxi num
di spl acenent the head wi Il undergo corresponding to reducing the head

readback anplitude to the Reference Level Mninmum This can simlarly be
shown to be given by: [err] -18-

line indicating the edge of the reference propagation
burst used to generate a succeeding propagation
burst. In Step 1, the propagation burst *n" has been
writteh, but the range of motion exceeds the minimum
servo track space and therefore the propagation burst
n+2 320 is next written (Step 2) by servoing to the’
outside edge of burst n. In Step 3 the missing
propagation burst n+l1 330 is written by reversing
direction and servoihg to the opposite edge of burst
n+2. The corresponding product servo-pattern burst
n+l ma& also be written at this time. This allows
the servo-pattern to be written at a smaller step
size than the propagation step size. Step 4
illustrates writing the product servo-pattern burst
n+2. The process is then repeated. (It will be
understood that the particular sequence of writing
the product servo-pattern bursts is generally
independent of the sequence in which the
corresponding propagation bursts are written. 1In
this example, servo-pattern bursts are written
sequentially as would occur in a phase encoded
pattern. The propagation bursts, however, are not
written sequentially.) Thus, when writing bursts
n+2, and n+l, the recording head servos on a burst
other than that located in an immediately preceding
track.

b. Sequence #2:

An alternative sequence to solve this limitation
is shown in Fig. 5. 1In this case, when writing
éervo-pattern burst n+l1 420, the recording head can
servo on a preceding propagation burst (i.e., 200,,)



where (Flerr]) Werr] (220) is the fraction of the read el ement w dth which
i s di splaced. For linear actuators the offset is a constant and
therefore the M ni mumvbve and Maxi numvbve distances are fixed for the
entire data band. However, in the case of rotary actuators, the offset is a
function of radial position, therefore the M ninmum and Maxi numvbve di stance
w Il depend on the radial |ocation of the head. The skew angle for a
typical rotatory actuator shown in Fig. 3a has a change of skew angle of -5
to 17 degrees when the rotary actuator rmawes fromthe IDto the OD data
track over the surface. (Assumng a wite w dth of

- 16- 3.1 [errlmand a read width of 2.3 [err]mand a Wite-to-read

el enent di st ancetBer3thaperhptn Jogatedr tuuthe immediatéletpoécedingead and
wite elements yhheR (5.8l 01260 )N HL sp¥hmAgh FIQUS satﬂ?é fﬁead(‘th he

read/ wite of fset_ of aggrgm mat el mcrons fromthe IDto )

1.3
The M ni nunvoveSaF¥P8n §°Eﬂ%%g{?ﬂ bugst R-1 AA40 ¢ K Vexaekind®%e: Mi st ance
i's shown in Figwh@d %piting burst n+1 (in track 200,,;) 420 to allow
an increased range of motion. Track 200_,, is the
track penultimate to track 200

n+l

c. Sequence #3:

An alternative sequence is shown in Fig. 6. 1In
this case, several bursts n, n-1, n-2 and n-3 are
weighted to define a new radial location. An
exemplary weighting function is

i Propagation/Servo Reference level = a,(sy) + a,,(s,,)
+a,.,(5.,) +...

where a = weighting coefficients, and S = the burst
amplitude or an average amplitude for a burst track.
This method may be employed in a manner similar to
.Sequence #1 in which writing the servo-pattern is
delayed by one or more steps of propagation pattern
writing with subsequent reversing of servo direction.

It will be understood that writing the servo-
pattern may be postponed until after the entire
propagation pattern has been written across the
entire disk surface.

For Sequence #3, the servo-pattern can be
written in a separate process of stepping across the
disk using the weighted amplitude burst readings of



the case of a Reference Level Maxinumof 0.9 and a Reference Level M ninum
of 0.3. As shown in Fig. 3e, for the case of a mninumservo track pitch
equal to 1/2 of the data track pitch the head woul d not be able to displace
t hat di stance over the entire data radius. ' The present invention
expands the range of accessible servo track pitches using one, or
alternatively a conbination of, the follow ng sequences as descri bed bel ow.
Product servo track spacing is |less than M ni num\bve In the case
when the M ni nunVbve di stance exceeds theoservo track pitch, several

posi tioning sequences are disclosed to overcone this limt. These three
sequences all have in common the feature that bursts outside an imedi ately
precedi ng tr ackhgr Prepagalijiione patiterng toTiseswos Eguenye degdrease sasns? der ed

ea;her spatialtghckeggghqhQSequences. a. Seguence #1:

One alternative method to overcome changes in
reference level required to maintain a fixed
propagation burst spacing across the medium, is to
fix the reference level to a predetermined value
(e.g. 50%) and write propagation burst tracks across
the disk surface. The fixed propagation reference
level will result in a variation in the propagation
burst track spacing while maintaining a constant
reference level within a usable range.

Upon completion of writing propagation burst
tracks across the enti;e.disk surface, the recording
head is servoed to radial positions derived from the
weighted values of the propagation burst amplitudes
on more than one track:

Servo Reference Level = a,(S,) + a,,(S,,) + a,,(S,.,)
+ 8., (Spey) + @pey Slpe) + o0

wherein § is the average burst amplitude for a
propagation burst track and a are the weighting
coefficients for that track. Note that since the
propagation burst tracks are already written, either
or both preceding and succeeding burst tracks can be
used in this calculation, or any combination thereof.

Using the calculated servo reference levels, the
radial position of the head can be determined and
product servo bursts can be written at any desired



\When the M ni mumVbve di stance exceeds the servo track spaci ng, head
propagation is attai ned by conbinations of |arger forward and small er
backward noving steps as shown in Fig. 4. Each step of Fig. 4 having a
dotted Iine shows the self-servowiting process at a point where the head
I's servoing to a first propagation burst and witing a second propagation
burst. A burst, as used herein, broadly connotes any form of physical
mani f estation, on the disk surface, used to carry information or to
position the head (e.g., transition, pulsg, pulse train, etc.) The product
servo-pattern is shown at the left as a continuous vertical |ine of data
that has been stitched together fromrepeated wites at the sanme sector

location, for tihuktephtiagsi Makl éhley propaghtepagbuired bwagks are shown in

th 1 ddl ith the | abel "n", Y. adi cat i th f
prgpggatignmguﬁg?ggﬁga§§b§?§¥gﬁgePgﬁﬁaﬁeﬁgékgpéﬁ§9E$%é8&§n§§8%§a esﬁomn

correspondi ng varpuist 8 predeterdinedemaneerappdngeneizakiynas and n-2 are

not shown. (Tr r :.eQ t [ ls neral |y
accomodate a ?ﬁgﬁggégrggo ﬁﬁ%gt%g%%t$ﬁg ggrﬁggtgghwgkgprggks 200[err] ..
200[ err] are rBpdptadn; Shredesired Producs peyver byyete§¥ReK tracks on the
medi um and whgpakhfgt.erns “precedi ng” and "succeedi ng" are used herein,

t hey connote the physical relationship of the tracks unless ot herw se
explicitly indicated. Track 200[err] is "penultimate” to track 200[err],
and track 200[ Profuct berwectrack spacing dscgirieatert thahr acks. The

radial locatio ad (105) and wite (100) elenents is shown at the
right, with thgagﬁﬁ@ggb%% -

In the case when the MaximumMove distance is
less than the servo track pitch, a sequence is shown
in Fig. 7. The product servo-pattern is written
every other propagation step on step n 720 and step
n+2 740, but not on intermediate steps n+l 730.
Therefore, propagation bursts are written in tracks
intermediate the tracks where product sérvo-pattern
bursts are located. This process can obviously be
extended to every Nth step N greater than 2.

According to the principles of the present
invention, the implementation of these propagation
techniques can be selectively applied in the system
only when required in certain regions of the surface
during the servowriting process to improve the
dynamic range. In one embodiment, the techniques
associated with Figs. 4 and 7 are selectively applied
to compensate for spacing less than MinimumMove and
greater than MaximumMove corresponding to different
areas of operation of the heads over the surface.
This variation of techniques can take place in an
automated fashion in which the reference level is
monitored and the techniques adjusted, or it can take



-18- .line indicating the edge of the reference propagation burst used to
generate a succeedi ng propagation burst. In Step 1, the propagation bur st
"n" has been witten, but the range of notion exceeds the m ninum servo
track space and therefore t he propagation burst n+2 320 is next witten
(Step 2) by servoing to the outside edge of burst n. In Step 3 the m ssing
propagati on burst n+l 330 is witten by reversing direction and servoing to
t he opposite edge of burst n+2. The correspondi ng product servo-pattern
burst n+l1 may al so be witten at this tinme2-This allows the servo-pattern
to be witten at a snmaller step size than the propagation step size. Step 4
illustrates witing the product servo-pattern burst n+2. The process is
then repeated. @Elacs Mithe aiphdiratiodthawisdgeh ofpexaictutechodguesce of

writing the proGelaetr o Fiddtidt e (gl i efeakhe adggendent of the
SpoQ

sequence in which the corre ng propagatlon bursts are witten. In this
exanpl e, servo- SeReRding ch the kngwn skew angdesi aMaRUERCEI RS ccur in a

phase encoded paidieirancHis WiRmgad,) ®@rdursts, however, are not witten
sequentially.) Thus, when witing bursts n+2, and n+l, the recordi ng head
servos on a burst other than that |ocated in an i medi ately precedi ng
track. b. SeqiHmdimgiPattern Propagation

The methods of providing radial pattern
propagation bursts were described above. The
self-servowrite process includes both the writing of
radial patterns and timing or ;rigger patterns. The
propagation of trigger patterns requires a reference
level minimum which depends on the signal to noise
ratio of the trigger pattern. In certain cases this
minimum may be different than the radial requirements
for a desired servo-pattern track pitch.

In order to solve this problem, we add one or
‘more additional trigger propagation steps between
each servo-pattern write. For example, if the
proéagation patterns were to be written at 1/2 track
steps, and the amplitude was too low at this pitch, a
trigger propagation pitch of 1/4 or 1/6 or even 1/8
of a track might be chosen. Servo bursts would oniy
be written at the appropriate steps. As shown in
Fig. 8a, the timing patterns 800, 805, 810, 815, 820
are written at the same step size as the radial
amplitude propagation patterns of 1/2 track. In Fig.
8b, the timing patterns 820, 825, 830, 835, 840 are
written at 1/4 step while the radial propagation
bursts are written at 1/2 step. The trigger
propagation only steps could be accompanied by radial
propagation steps or simply generated by using a



An alternative sequence to solve this limtation is shown in Fig. 5. 1In
this ecase, when witing servo-pattern burst n+1 420, the recording head
can servo on a preceding propagation burst (i.e., 200[err])

-19- other than that |ocated in the |nned|ately precedi ng track (i.e.,
200[err]). As shown in Fig. 5 the head servos to propagation burst n-1 440
(in track 200[err]), when witing burst n+l (in track 200[err]) 420 to

al l ow an i ncreased range of notion. Track 200[err] is the track
penultimate to track 200[err]. c. Sequgpce #3: An alternative
sequence is shown in Fig. 6. In this case, several bursts n, n-1, n-2 and
n-3 are weighted to define a new radi al |ocation. An exenplary wei ghting
function is Beghageki of/ afferBaterefeeecheweclevedkeficbm( & eihpllet a[err]

gSLe[LL)burst radial propagat&on gte where a = weighting coefficients, anq

- Disclosed herein are methods and systems for
seif-servowriting wherein the reference levels used
to create a propagation pattern are kept within a
usable dynamic range. In addition to alleviating the

- need for a complex mechanical and/or optical
positioning system to establish servo-patterns on the
recording surfaces, the methods and systems solve the .
problems associated with maximum and minimum
reference levels due to manufacturing tolerances,
spaced read/write heads, and/or the angular motion of
rotary actuators over a recording surface.

It will be understood that the preéent invention
may be applicable to the writing of patterns on any
type of storage medium that moves in a repetitive
fashion. While such motion may constitute successive
rota;ioné of the medium described above, it may also
constitute any repetitive or continuous motion
including rectilinear and reciprocating motion.

Thus, any propagation pattern may be provided over an
area of a storage medium using the self propagatioﬁ
principles described herein.

While the invention has been described in detail
herein in accordance with certain preferred
embodiments thereof, many modifications and changes
therein may be affected by those skilled in the art.
Accordingly, it is intended by the following claims
to cover all such modifications and changes as fall
within the true spirit and scope of the invention.



agpl i tude or an average anplitude for a burst track. This method may be
enployed in a manner simlar to Sequence #1 in which witing the
servo-pattern is delayed by one or nore steps of propagation pattern
witing with subsequent reversing of servo direction. It will be
understood that witing the servo- pattern may be postponed until after the
entire propagation pattern has been witten across the entite disk—surface.
For Sequence #3, the servo-pattern can be witten | ess of
st eppi ng across the disk using the wei ghtzgd anplitiu unmm'ﬂnuawltﬂﬁ

- 20- the propagation pattern to servo to any. deﬁlred servo £ r ack=spacin
One alternative nethod to overcone changes in reference | evel required to
mai ntain a fixed propagation burst spadlaimeross the nmedium is to fix the
reference level to a predetermined value (e.g. 50% and wite propagation
burst tracks across %ﬂe di sk- surface, The fixed propagation reference

at is claimed is:

1. A method for writing propagation bursts in
a self-servowriting system having a storage medium
with a plurality of tracks for holding bursts
therein, said method comprising:

servoing to a first propagation burst
located in a first track of the plurality of
tracks; and

writing a second propagation burst in a
second track of the plurality of tracks while
servoing to said first propagatioﬁ burst,
wherein said first track does not immediately
precede said second track.

2. The method of claim 1, wherein said first
track succeeds said second track, and the method
further comprises:

servoing to a third propagation burst
located in a third track of the plurality of
tracks; and

writing said first propagation bﬁrst'in
said first track while servoing to said third
propagation burst, wherein said third track
precedes said second track.



level -will result in a variation in the propagation burst track spacing

ile haintaining a constant reference |evel wthin a usable range. .
Upon conpletion of witing propagation burst tracks across the entire disk
surface, the recording head is servoed to radial positions derived fromthe
wei ght ed val ues of the propagation burst anplitudes ack:

[err] wherein S is the average burst anplitude for ur st
track and a are the weighting coefficients for that.tldﬁﬂil mammg i nce
the propagation burst tracks are already.agitten, eit dlng
and succeedi ng burst tracks can be used in this calculation, or any

conbi nati on thereof. Usi ng the cal cul ated servo reference | evel s,

the radial position 3f th%hkemdtbhaed b détémnipedvhepdinrsdidt faekvo bursts
can be witten gi-,aRYpd88bhEE said second track, and the method
further comprises:

servoing to said second propagation burst;
and

writing a third propagation burst in a
third track of the plurality of tracks, while
servoing to said second propagation burst,
wherein said third track is located intermediate
said first track and said second track.

4. The method of claim 1, wherein said first
track precedes said secogd track, wherein there is at
least one track between said first track and said
second track.

5. The method of claim 1, wherein said first
track is the penultimate preceding track relative to
said second track.

6. The method of claim 1, wherein said
servoing comprises servoing to a plurality of
propagation bursts, including said first propagation
burst, located in respective tracks of the plurality
of tracks, and wherein said writing comprises writing
the second propagation burst while servoing to the
plurality of propégation bursts.

7. The method of claim 6, wherein said
servoing comprises deriving a function from signals
received from the plurality of propagation bursts.



-21- . track spacing. As the propagation burst track spacing is varying,
t'he wel ghting coefficients will vary in a predeternined manner and
generally as a function of radial |ocation across the disk to naintain the
desired product servo burst track spacing. Product servo track spacing is
greater than Maxi nunmbve In the case when the Maxi munmvbve di st ance
is less than the servo track pitch, a sequence is shown in Fig. 7. The

product servo-pattern is witten every ot her propagaqumu H n 720
and step n+2 740, but not on internedi atzésteps n+l Nﬂﬂﬁﬂuﬁﬂﬂl ﬂﬂ
propagation bursts are witten in tracks internediate thé ttacks Wwhére
product servo-pattern bursts are | ocated. This process can obviously be
extended to every Nth st @henmgtdgdof gdaim 7, whereiacghe dyncdiore
principles of tijhe PrRsgHtdd \wlraye ddieuliReaEon ithe &fidnase
propagation techni ques can be selectively applied in the systen1on|y when
required in certain regions of the surface during the servowiting process
to inprove the dynam.c r age methohofedladmant furithelre donpypiedme:soci at ed
with Figs. 4 and 7 are selectively applied to conpensate for spacing |ess
t han M ni nrumVove and greater than Maxi numvbve corresponding to different
areas of operation of thexidddg @@rmtsmwpaﬂﬁeymmm ovhidfe -
t echni ques can take égﬁdq] 2 e YEied %gtogﬂd’] gildigry the reference
juste

| evel is nonitored an echni ques ac or 1t can take
propagation bursts.

10. A system for writing propagation bursts in
a self-servowriting system having a storage medium
with a plurality of tracks for holding bursts
therein, said system comprising:

means for servoing to a first propagation
burst located in a first track of the plurality
of tracks; and

means for writing a second propagation
burst in a second track of the plurality of
“tracks while servoing to said first propagation
burst, wherein said first track does not
immediately precede said second track.



-22- . place with a priori know edge of exact techniques needed over
'espective portions of the disk, depending on the known skew angl es,
manuf act uri ng tol erances, offsets etc. Tim ng Pattern Propagation

The net hods of providing radial pattern propagation bursts were described
above. The self-servowite process includes both the witing of radral

patterns and timng or trigger patterns. The propagat; '
patterns requires a reference |evel m ni num which depemulm u IHH’WIJLH"I to
noise ratio of the trigger pattern. In cemain cases .thi*s B nt mim rfay *be
different than the radial requirenments for a desired servo-pattern track

pi tch. ' In order to solve this problem we add one or nore addi ti ona
trigger propagation snepsTbetagsbemaoﬁ staim- pai t ehereint gaiBofiestinple, if
the propagat i OreRaLkeLNBUERE & 5818suEbhECEraLi ]/ IndT 8EK §48PEm aNd Lhe

anplitude was tQo tch, a trigger propagatlon pitch of 1/4 or
1/6 or even 1/8fBFtHeFr§€mPﬁi§ﬁF be chosen. Servo bursts would only

means for servoing to a third propagation
burst located in a third track of the plurality
of tracks; and

means for writing said first propagation
burst in said first track while servoing to said
third propagation burst, wherein said third
track precedes said second track.

12. The system of claim 10, wherein said first
track precedes said second track, and the system

t
further comprises:

means for servoing to said second
propagation burst; and

means for writing a third propagation burst
in a third track of the plurality of tracks,
while servoing to said second propagation burst,
wherein said third track is located intermediate
said first track and said second track.

13. The system of claim 10, wherein said first
track precedes said second track, wherein there is at
least one track between said first track and said
second track.



he witten at the appropriate steps. As shown in Fig. 8a, the timng
patterns 800, 805, 810, 815, 820 are witten at the sane step size as the
radi al anplitude propagation patterns of 1/2 track. In Fig. 8b, the timng
patterns 820, 825, 830, 835, 840 are witten at 1/4 step while t he radlal
propagation bursts are witten at 1/2 step. The trigg

steps could be acconpani ed by radi al propagation steps enerated
by using a -23- Hmmmtﬂlg HEMM

reference levels froma single radial psrpgagati on step.

herein are nmethods and systens for self-servowiting mhereln the "referénce
| evel s used to create a propagation pattern are kept within a usable

dynam c range. I n addi.ti Ghet sysitesyioft iclgihd Oneadiefrerna saddplfdrstechani cal
and/ or optical bt 13 @Ni S | I e
recordi ng surfggggk t et%%tﬁégggg% §§é?§%§h§§P eEgﬁgﬂaE%%Ig§§%g§é00|ated
with maxi mum af@idi FEFORG: &Xacfknce | evel s due to nanufacturlng t ol er ances,
spaced read/wite heads, and/or the angular notion of rotary actuators over
a recording surface

_ 15. The system of claim 10, wherein said means
for servoing comprises means for servoing to a
plurality of propagation bursts, including said first
propagation burst, located in respective tracks of
the plurality of tracks, and wherein said means for
writing comprises means for writing the second
propagation burst while servoing to the plurality of
propagation bursts.

16. The system of claim 15, wherein said means
for servoing comprises means for deriving a function
from signals received from the plurality of
propagation bursts.

17. The system of claim 16, wherein the
function is a weighted average calculated from the
signals.

18. The system of claim 10, further comprising:
means for writing a product servo-pattern

burst while servoing to one of the first and
second propagation bursts.



It will be understood that the present invention may be applicable to the
Mriting of patterns on any type of storage nediumthat noves in a
repetitive fashion. Wile such notion may constitute successive rotations
of the medi um'descri bed above, it nay also constitute any repetitive or
-conti nuous -notion including rectilinear and reciprocating notion. Thus, any
propagation pattern may be provi ded over an area of | ] usi ng
the sel f. propagation principles described herein. mmlmmmu"lm"?mr

i nvention has -been described in detail hegein in accdrdinck Wt cértain
preferred enbodi nents thereof, many nodifications and changes therein may
be affected by those skilled in the art. Accordingly, it is intended by the
followi ng clains to Ipyvera ahdtlsad hEopdkéesinid cnreferariangaigesl fall w thin

the true spirit, and scope .of e Lnveniion, .

a'ai s WEEY LR, FRap 1€ aPHERLE Yanos, 2830 £eTErRY | ng

propagati on bursignal level used to position a write head while
writing a propagation pattern on a surface of a
storage medium of a self-servowriting system, said

method comprising:

using a first positioning sequence for
reading and writing a first portion of '
propagation bursts of said propagation péttern
over a first region of said surface; and

using a second, different positioning

sequence for reading and writing a second
portion of propagation bursts of said
propagation pattern over a second region of said
surface, wherein said reference signal level is
kept in the usable dynamic range for positioning-
said write head while writing said first and

. second portions of said propagation pattern.



a, sel f-servowiting systemhaving a storage nediumwi th a plurality of
tracks for hol ding bursts therein, said nethod conprising:

servoing to a first propagation bur st |l ocated in a first track of the
plurality of tracks; and writing a second propagation
burst in a second track of the plurality of tracks”“ml i ng
to said first propagation burst, wherein said firs ml"mumnum

i medi ately precede said second track. 2. The fethod' of clai m
1, wherein said first track succeeds saiglpsecond track, and the nethod
further conprises: servoing to a third propagati on burst

| ocated in a third track of the plurality of tracks; and

witing said first @oopagite methodtofi wlaim 1$3i ewhieresin theclstoxiage
Servoing to sapfl t&g{%oma(ns‘érso%a%f’lﬁiz%h‘w e CMARAE, N 3R GHelelih t T ack

precedes said secon
each of the first and second positioning sequences

comprises one positioning sequence chosen from the
following group of positioning sequences:

writing a propagation burst in one track of
the plurality of tracks by using propagation
bursts located in at least one track preceding
and at least one track succeeding said one track
to access said one track; '

writing a propagation burst in one track of
the plurality of tracks while servoing to a
second track preceding said one track, said
second track not immediately preceding said one
track;

writing a propagation burst in one track of
. the plurality of tracks while servoing to a
'plurality of propagation bursts located in
respective tracks of said plurality of tracks;
and

servoing to propagation bursts located in
respective tracks of a portion of the plurality
of tracks to write a plurality of respective
product servo-pattern bursts, the respective .
tracks separated by a distance less than that
separating tracks in which said respective
product servo-pattern bursts are located.

L



-25- 3. The nethod of claim1, wherein said first track precedes

gaid second track, and the nethod further conprises: servoi ng
to said second propagation burst; and witing a third
propagation burst in a third track of the plurality of tracks, while

servoing to said second propagation burst, wher ei mmllﬂu&m“ﬂlllﬂﬂﬂk i's
| ocated i nternedi ate said first track and said se

The method of claim 1, wherein said first track precedes séid"setord track
wherein there is at |east one track betwsen said first track and said
second track. 5. The nethod of claim1, wherein said first track is
the penultimate preceding track relatiive to said second track. 6.

The met hod of cl ai mZ,. wte inetdod cﬁ'ercnca':mg lrsqrrmﬁamslrse:rhmistgntag'e

ocated | n r oonRerigh TR & ER A, ¥ Gidd, MAERRAL DT O

writing conpri sane \@f tsaigd thieste andl seegns RAt iendng @equenees oi ng to
the plurality QionysRfagation bursts.

writing a propagation burst in one track of
the plurality of tracks by using propagation
bursts located in at least one track preceding
and at least one track succeeding said one track
to access said one track.

22. The method of claim 21, wherein the other
one of said first and second positioning sequences
comprises:

servoing to propagation bursts located in
respective tracks of a portion of the plurality
of tracks to write a plurality of respective
product servo-pattern bursts, the respective
_ tracks separated by a distance less than that
:separating tracks in which the respective
product servo-pattern bursts are located.

23. The method of claim 19, wherein said
pésitioning sequence comprises at least one of a
spatial and temporal sequence of reading and writing
bursts.



7. The nmethod of claim®6, wherein said servoing conprises deriving a
flunction fromsignals received fromthe plurality of propagation bursts.

- 26- 8. The nethod of claim?7, wherein the funcf+en-Ls\g‘ﬂ§L%higy
average cal cul ated fromthe signals. 9. The net f claim

further conprising: writing a product ser‘vw “”Imﬂﬁ Il e
servoing to one of the first and second propagati o ” 10

system for witing propagation bursts in a self-servowiting systén1haV|ng
a storage nediumwi th a plurality of tragks for holding bursts therein,

sai d system conpri sing: means for servoing to a first
pr opagati on burst located in a first track of the plurality of
tracks; and 24. A system for keeping a reference signal

level in a usable dynamic range, said reference
'signal level used to position a write head while
writing a propagation pattern on a surface of a
storage medium of a self-servowriting system, said
system comprising:

means for using a first positioning
sequence for reading and writing a first portion
of propagation bursts of said propagation
pattern over a first region of said surface; and

means for using a second, different

positioning sequence for reading and writing a
second portion of propagation bursts of said
propagation pattern over a second region of said
surface, wherein said reference signal level is
kept in the usable dynamic range for positioning
said write head while writing said first and

. second portions of said propagation pattern.



means for witing a second propagation burst in a second track of the

plurality of tracks while servoing to said first propagation bur st
wherein said first track does not i mmedi ately precede said second
track. -27- :

claim 10, wherein said first track succeeds said secop r

system further conprises: . means for servoi Hﬁlw@ﬁm!ﬂ l“
propagati on burst located in a third track of the ! s

tracks; and means for mmitingiiaid first propagation bur st
in said first track while servoing to sai third propagation burst,

wherein said third track. precedes said second track. 12. The
system of claim 10, pBereThRessyStémr 6f tLatk P4 porllese Bii €héesedgdageack,
and the systenjégéiggrcggp £ngsé plurality of ﬁracks, and wherein
each of the first and second positioning sequences
comprises one positioning sequence chosen from the

following group of positioning sequences:

writing a propagation burst in one track of
the plurality of tracks by using propagation
. bursts located in at least one track preceding
and at least one track succeeding said one track
to access said one track;

writing a propagation burst in one track of
the plurality of tracks while servoing to a
second track preceding said one track, said
second track not immediately preceding said one
track; -

writing a propagation burst in one track of
. the plurality of tracks while servoing to a
- plurality of propagation bursts located in
respective tracks of said plurality of tracks;
and

servoing to propagation bursts located in
respective tracks of a portion of the plurality
of tracks to write a plurality of respective
product servo-pattern bursts, the respective
tracks separated by a distance less than that
separating tracks in which said respective
product servo-pattern bursts are located.



neans .for servoing to said second propagati on burst; and

freans* for witing a third propagation burst

plurality of tracks, whil e servoing to said second propagation bur st

wherein said third track is |located i nternedi ate

in a th|rd track of the

i said first—track—and

sai d second track. 13. The systemof claim1 rst
track precedes said second track, wherein there i's. l" m’mn m I”L

bet ween said first track and sald second tr

- 28- 14. The system of claim 10, m@@rern sard frrst track S the
penul timate preceding track relative to said second track. 15. The
system.of claim 10, wherein said neans for servoing conprises neans for
servoing to a pluraliét.y dhepreypsgat i diadist 24,1 whlewrdilng thei dtioragie

propagati on bu 1u'nP€%}rg>‘1- it d & RAGRIMA oy 3EK xRl aRlal Wiled T U7 acks,

and wherein sal

one of said first and second positioning sequences

comprises:

writing a propagation burst in one track of

the plurality of tracks by using propagation

bursts located in at least one track preceding

and at least one track succeeding said one track

to access said one track.

27. The system of claim 26, wherein the other

one of said first and second positioning sequences

comprises:

i

servoing to propagation bursts located in
respective tracks of a portion of the plurality

of tracks to write a plurality of respective

product servo-pattern bursts,

the respective

. tracks separated by a distance less than that

'separating tracks in which the respective

product servo-pattern bursts are located.

28. ' The system of claim 24, wherein said

positioning sequence comprises at least one of a

spatial and temporal sequence of reading and writing

bursts.

*



MW|t|ng conprises nmeans for witing the second propagation burst while
gervoi'ng to the plurality of propagation bursts. 16. The system of
claim 15, wherein said neans for servoing conprises nmeans for deriving a
function fromsignals received fromthe plurality of ro ation bursts
17. The system of claim 16, wherein the function | Milwﬁll'

her

cal cul ated fromthe signals. 18. The syste

conpri si ng: means for witing a product servo pattern bur st
whil e servoing to one of the first and -35-second propagati on bursts.

- 29- 19. A method for keeping a reference signal |evel in a usable

dynam c range, said reference_signal |evel used to,position a wite head
while witing a proBﬁgatPoHeEHP@eﬁﬁrbﬁe&fsBFPQESaGFgg an actuator

having a read head and a write head across a
plurality of tracks of a storage medium of a data
storage system, the plurality of tracks usable for
holding bursts therein, -said method comprising:

servoing to a first propagation burst
located in a first track of the plurality of
tracks with said read head; and

writing a second propagation burst with
said write head in a second track of the
plurality of tracks while servoing to said first
propagation burst, wherein said first track does
not immediately precede said second track on
said storage medium.

30. The method of claim 29, wherein said first
track succeeds said second track, and the method
further comprises: |

servoing to a third propagation burst
located in a third track of the plurality of
tracks with said read head; and

writing said first propagation burst with
said write head in said first track while
servoing to said third propagation burst,
wherein said third track precedes said second
track.



storage nedium of a self-servowiting system said nethod conprising:
using a first positioning sequence for reading and witing a first

portion of propagation bursts of said propagation QELLSLD__,___QMQL_Q,
first region of said surface; and using a second, different

posi tioni ng sequence for reading and witing a secdn- n“ﬁ““ﬂﬁ“t““mf
propagati on bursts of said propagation pattern over’ “lu“ HYFoN T
sai d surface, wherein said reference signal level i's * ¢ képt'in the

usabl e dynam c range for positioning -36said wite head while witing
said first and second portions of said propagation pattern

- 30- 20. The nethod of claim 19, wherein the storage nedi um
conprises a plurali 3t .of Theamerhahdivhastinm 2% iwhgrein gaidtfirst second

POSi tioni Ng SeqyeRKe HrediBidsS 3R i Bddrd ItHHE, WAL widtaRSD fromthe
foll ow ng group of poOsitioning sequences: witing a propagation
burst in one tAX¥Ehgr comprises: '

servoing to the second propagation burst
with said read head; and

writing a third propagation burst with said
write head in a third track of the plurality of
tracks, while servoing to said second
propagation burst, wherein said third track is
located intermediate said first track and said
second track.

32. The method of claim 29, wherein said first
track precedes said second track, wherein there is at
least one track between said first track and said
second track.

~33. The method of claim 29; wherein said first
track is the penultimate preceding track relative to
said second track.

34, The method of claim 29, wherein said
servoing comprises servoing to a plurality of
propagation bursts with said write heéd, including
said first propagation burst, located in respective
tracks of the plurality of tracks, and wherein said
writing comprises writing the second propagation
burst while servoing to the plurality of propagation
bursts.



the plurality of tracks by using propagation bursts |ocated in at

I"'east ‘one track preceding and at | east one track succeedi ng said one
track to access said one track; writing a propagation
burst in one track of the plurality of tracks while servoing to a
'second track preceding said one track, said second track not

i medi ately preceding said one track; ”IIMHIH”IH“MI' MIII '
propagation burst in one track of the pluralityl :
servoing to a plurality of propagatBor bursts locatéd fn™* % . °
respective tracks of said plurality of tracks; and

servoing to propagation bursts |ocated in respective tracks of a

portion of the pluraddty The mefthed seksclainni4 e whenanmisaid of respective
product servo- padyedih qx?éﬁxdé@edéﬁfﬂﬁ‘x‘gi |y funct idd afksm St evdy a

di stance |l ess than tha . Separati racks. | n which said respective
product servo- pRAIRAF bfﬁ%?’sv%f'fea’%a&g‘ﬂp urality of
- 31- bursts.

propagatio

36. The method of claim 35, wherein the
- . function is a weighted average calculated from the
signals. '

37. The method of claim 29, further comprising:

writing a product servo-pattern burst while
servoing to one of the first or second
propagation bursts.

38. The method of claim 29 wherein the actuator
is a rotary actuator, and the storage medium is a
circular storage medium, and the plurality of tracks
is a plurality of radial tracks.



21. The method of claim 19, wherein the storage nedi um conprises a
plurarlty of tracks, and wherein one of said first and second positioning
sequences conpri ses: witing a propagation burst in one track
of the plurality of tracks by using propagation bursts located in
at | east one track preceding and at | east one trﬂﬂl’"“%jm l'ﬂ"ﬂﬂnd
one track to access said one track. 22. T 21,

wherein the other one of said first and second p05|t|on|ng s& qu ncks

conpri ses: servoing to propaggti on bursts |located in
respective tracks of a portion of the plurality of tracks to wite a
plurality of respective product servo-pattern bursts, the respective

tracks separated by 39 di St asysecdnesfon kmiﬂ-lyﬁopagatisg)amtaictgpmks in

whi ch the requg&i. aﬂ”ﬁi V. ¢ el § | ocat ed. .
23. The net hod %%ﬁlmﬁﬁég refﬁﬁgéf g%f#?%ﬁ#ng se uence conprises at
| east one of a PpuwalkitwmE t@ﬁ@f%loﬁeﬁ]mgﬁ mesH@h®Ladd d@tia i ng bur st s.

storage system, the plurality of tracks usable for
holding bursts therein, said system comprising:

means for servoing to a first propagation
burst located in a first track of the plurality
of tracks with said read head; and

means for writing a second propagation
burst with said write head in a second track of
the plurality of tracks while servoing to said
first propagation bufst, wherein said first
track does not immediately precede said second
track on said storage medium.

40. The system of claim 39, wherein said first
track succeeds said second track, and the system
further comprises:

means for servoing to a third propagation
burst located in a third track of the plurality
of tracks with said read head; and

means for writing said first propagation
burst with said write head in said first track
while servoing to said third propagation burst,
wherein said third track precedes said second
track. '



-32- 24. A systemfor keeping a reference signal |level in a usable
dynanmi ¢ range, said reference signal |evel used to position a wite head

while witing a propagation pattern on a surface of a storage nmedium of a
self-servowiting system said system conprising:

using a first positioning sequence for reading an
portion of propagation bursts of said propagation Imm ﬂ@'E Hiﬁ
first region of said surface; and nmeans fo

di fferent posi tioning sequence for sading and writing a second
portion of propagation bursts of said propagation pattern over
second region of said surface, wherein said reference signal IeveI S

kept in the usabl e dgmani theasgetémrofosiaimning wheresni dandi Egrbead while

witing said figsh Andreceqess80d BRELLANErSLKSAsPERRAGPEERR Pt tern.

further comprises:

means for servoing to the second
propagation burst with said read head; and

means for writing a third propagation burst
with said write head in a third track of the
plurality of tracks, while servoing to said
second propagation burst, wherein said third
track is located intermediate said first track
and said second track.

42. The system of claim 39, wherein said firsq
track precedes said second track, wherein there is at
least one track between said first track and said
second track.

_ 43. The system of claim 39, wherein said first
track is the penultimate preceding track relative to
said second track.

44. The system of claim 39, wherein said means
for servoing comprises means for servoing to a
plurality of propagation bursts with said write head,
including said first propagation burst, located in
respective tracks of the plurality of tracks, and
wherein said means for writing comprises means for
writing the second propagation burst while servoing
to the plurality of propagation bursts.



25. The system of claim 24, wherein the storage nedlun1conpr|ses a
'pIura1|ty of tracks, and wherein each of the first and second positioning
. sequences conprises one positioning sequence chosen fromthe foll ow ng
group of positioning sequences: witing_a propagation burst in
one track of the plurality of tracks by using propagation bursts

| ocated in at | east one track preceding and at |

succeedi ng said one track to access said one traﬁﬂﬂ'“ﬂ'ﬁ"‘”ﬂﬂ“l|
witing a propagation burst in one traclggf - the plurtalitty®of $triacks
while servoing to a second track. preceding said one track, said
second track not imediately preceding said one track; B
witing a propagatioa buThé system bfackabh 44, whéeephusaldtweahstracks
whil e servoingg o] p t t in
respective trac rgg%aﬁ #%?%#&¥S ?8§8 fg? h8919fﬁ§ g k&ﬁ@{fgn
servoing to pr5pega¥eeneguxgessigualedrenelved fropetheveluratktyof a

portion of theggl fébh%ﬁtlon bbstgacks to wite a plurality of respective
pr oduct servo-pat ern bursts, the respective tracks separated by a

di stance | ess than that separating tracks in which said respective
product servo-pattess.burhésspstenoost éllaim 45, wherein the

function is a weighted average calculated from the
signals. '

47. The system of claim 39, further comprising:

means for writing a product servo-pattern
burst while servoing to one of the first or
second propagation bursts.

48.! The system of claim 39 wherein the actuator
is a rotary actuator, and the storage medium is a '
circular storage medium, and the plurality of tracks
is a plurality of radial tracks.



-34- . 26. The system of claim 24, wherein the storage nmedi um
conprises a plurality of tracks, and wherein one of said. first and second

positioni ng sequences conpri ses: writing a propagation burst in
one track of the plurality of tracks by usinhg propagation bursts
| ocated in at |east one track preceding andiat teast—one track—
succeedi ng said one track to access said one The
system of claim 26, wherein the other one of said Hlmnlmllulusmﬂc‘ﬁm
posi ti oni ng sequences conpri ses: -41- Servoing ¢ o tprepagatt+on bursts
| ocated in respective tracks of a portion of the plurality of
tracks to wite a plurality of respective product servo-pattern

bursts, the respectidfe A methmekfmeparidtiag pPropagastioncburets timn t hat
separating tracks,d j N i s 0 I Q. ern bursts
p 9 @ %éﬂ%ﬁg&f&hﬁf%%1ﬂ§”¥y§ﬂ%ﬁi§i%1gff%wh%E&a%% %@ﬁﬂﬁﬁ& .

are | ocated. . e syst'em-of wherei m sal d positioning
sequence conpr Wédh & plagslisne off tgracks for holding bursts

therein, comprising:

writing a first propagation burst in a
first track of the plurality of tracks, said
writing including:

servoing to a second propagation burst
located in a second track of the plurality
of tracks to write a third propagation
burst in a third track succeeding the first
track, said second track préceding said
first track; and ;

éervoing to said third propagation
burst to write said first propagation
burst.



spatial and tenporal sequence of reading and witing bursts.

-'35- 29. A method for self-propagating an actuator having a read
head and a wite head across a plurality of tracks of a storage nedium of a
data storage system the plurality of tracks usable for holding bursts

therein, said nmethod conpri sing: servoing to a first

propagati on burst | ocated in a first track of lﬂlﬂ"ﬂ“ﬂ!“ﬂﬂ“ﬂml
tracks with said read head; and writing i on
burst with said wite head in a seca2d track of*tife " plurality of
tracks while servoing to said first propagation burst, wherein said
first track does not imredi ately precede said second track on

sai d storage nmediumS0. A sgetemhEoreVrbing RYGPIFFTIORNRNESRSSER fir st
track succeeds §aséll Bo68PFoWELEkngaBYstoR REVINY 4 UsEHPEgE ARBALERS'

with a plurality of tracks for holding bursts
therein, comprising:

means for writing a first propagation burst
in a first track of the plurality of tracks,
said means for writing including:

means for servoing to a second
propagation burst located in a second track
of the plurality of tracks to write a third
propagation burst in a third track
succeeding the first track, said second
track preceding said first track; and

means for servoing to said third
propagation burst to write said first
propagation burst.



servoung to a third propagation burst |l ocated in a third track of the

plurality of tracks wth said read head; and witing said
first propagation burst with said wite head in said first track while
servoing to said third propagation burst, wher ei A—sai-d—third frark
precedes said second track.

31. The nethod of claim29, wherein said first track pimﬂﬂﬂgluu“m!ﬂmt
track, and the nethod further conpri ses: ond
propagati on bur st with said read hgad; and witing a third
propagation burst with said wite head in a third track of the
plurality of tracks, while servoing to said second pr opagati on

burst, wherein sai dd1hi ral netdvdd | for writimgtmcbpagarieadilaixstsaiinfirst
track and saidy ge1fSELPAPSE{Pf¥g system having a storage medium

‘with a plurality of tracks for holding bursts

therein, said method comprising:

servoing to a plurality of propagation
. bursts located in at least two of the plurality
of tracks according to a function derived from
reading said plurality of propagation bursts;
and

writing another propagation burst in
another track of the plurality of tracks, the
another track located outside of the at least
two of the pluFality of tracks, séid writing
"occurring during said servoing.

52. The method of claim 51, wherein the at’
least two of the plurality of tracks comprises at

least two successive tracks immediately preceding the
another track.

53. The method of claim 51, wherein the
plurality of propagation bursts are located in
respective tracks of the at least two of the
plurality of successive tracks.

'54. The method of claim 53, wherein said
function is a weighted average of respective signals
received from‘respective ones of the plurality of
propagation bursts.



32 The method of claim29, wherein said first track precedes said second
tTack, wherein there is at |east one track between said first track and
sai d second track. 33. The nethod of claim 29, wherein said first
track is the penultimte preceding track relative to said second track.

34. The nethod of claim29, wherein said servoing co

plurality of propagation bursts with said wite headwuﬂmmlﬂ;m"mm'",l rst
propagation burst, located in respective tracks of the *pl bratity Sf tracks,
and wherein said MW|t|ng conprises witinag-the second propagation burst
while servoing to the plurality of propagation bursts.

-37- 35. The nethod of claim 34, wherein said servoi ng incl udes
deriving a function 35.omThs methed of griea i (hoejwhareimomadiee plurality of

propagation burfjifstion is a weighted average of respective signals

received from respective ones of the plurality of
propagation bursts.

56. The method of claim 51, wherein the at
least two of the plurality of tracks comprises at
least two successive tracks preceding the another
track.

57. A system for writing propagation bursts in
a self-servowriting system having a storage medium
with a plurality of tracks for holding bursts
therein, said system comprising:

means for servoing to a plurality of
propagation bursts located in at least two of
the plurality of tracks according to a function
derived from reading said plurality of
_ propagation bursts; and

means for writing another propagation burst
in another track of the plurality of tracks, the
another track located outside of the at least
two of the plurality of tracks, said writing
occurring during said servoing.

58. The system of claim 57, wherein the at
least two of the blurality of tracks comprises at
least two successive tracks immediately preceding the
another track.



36. The method of claim35, wherein the function is a weighted average

.c¢al culated fromthe si gnal s. 37. The nethod of claim 29, further
conpri si ng: writing a product servo-pattern burst while
servoing to one of the first or second propagat|on—bquL5~—————~_4¥;—
The nethod of claim29 wherein the actuator is a rotary actuat t e

storage nediumis a circular storage nedium and the pI ‘H,III "I"“l"ﬂul Il_'s
a plurality of radial tracks. ?

39. A systemfor self-propagati ng an acgglat or having a reaé head and a
wite head across a plurality of tracks of a storage nediumof a data
storage system the plurality of tracks usable for holding bursts therein,
sai d system conpri sbAg: The system ofieahaihof7sewheraintthe first

propagation  5y,byui sty 883h08phgatibh’ BhrbE8CK-ET 1688c85UIR! 1 LY
respective tracks of the at least two of the
plurality of successive tracks.

60. The system of claim 59, wherein said
function is a weighted average of respective signals
received from respective ones of the plurality of
propagation bursts. '

61. The system of claim 57, wherein said
function is a weighted average of respective signals
received from respective ones of the plurality of
propagation bursts.

! .
62. The system of claim 57, wherein the at
least two of the plurality of tracks comﬁrises at
least two successive tracks preceding the another
track.



of tracks wth said read head; and means for witing a second

pr opagat i on burst with said wite head in a second track of t he

plurality of tracks while servoing to said fir ‘ i t,

wherein said first track does not imediately p ' | ond

track on said storage nmedi um 40. The system Hmﬂﬂmmﬁﬁﬂm ein
e r .

said first track succeeds said second track, and the sys

conpri ses: means for servoing to a third propagation bur st
| ocated in a third track of the pluralityg6- of tracks with said read
head; and means for witing said first propagation bur st
with said wite head in said first track . whi | e servoing to said third
propagati on burst, 63. wheRethodafart WritingekopguetegezvesPatsessnd
track. bursts in a self-servowriting9system having a storage

medium with a plurality of tracks for holding bursts
therein, said method comprising:

writing a first product servo-pattern burst
in a first track of the plurality of tracks; and

writing a second sequential product servo-
pattern burst in a second track of the plurality
of tracks while servoing to a third propagation
burst located in a third track of the plurality
of tracks, said third track of the plurality of
tracks located intermediate said first track and
said second track.

64. The method of claim 63, wherein a plurality
of propagation bursts are located in respective
tracks of multiple tracks of said plurality of
tracks, said multiple tracks including said third
track and located intermediate said first track and
said second track.



41. The systemof claim 39, wherein said first track precedes said second

track, and the system further conprises: .means for servoing to
t he second propagation burst with said read head; and

means for witing a third propagation burst ~ wWith said wite head in a
third track of the plurality of tracks, while servoing to sard—

. second propagation burst, wherein said third tra
internediate said first track and sai d second trgmm” ﬁﬂ""m’”"
system of claim 39, wherein said first _yrack precedes said secom

wherein there is at |least one track between said first track and said
second track. . 43. The systemof claim 39, wherein said first track

is the penul timate @5 eceni sgstemcRor ebad t sy tpredict S@éﬁd—ﬁiét&ﬁé@:‘n

44. The syste erein said. ifelg ATy [ises neans

for servoing %‘95 % ?r'rg %ty #] 8) 15‘{5%‘8’2 tlor:lgasu’? V\nﬁ? g %\ﬁ’é?%g%ead 4
i ncl udi ng sai cmédiiwm wubhagaplnmalu¢$t9fItm@wb@ f¢rrh@¢ﬂmﬂ9VbuI$G@ks of the
plurality of téﬁ@félnangay@eg égﬁﬁg?gﬂgfggfn or WW|t|ng conpri ses neans for

witing the second propagation I'e servoing to the plurality of
propagati on bursts.

means for writing a first product servo-
pattern burst in a first track of the plurality
of tracks; and

means for writing a second sequential
product servo-pattern burst in a second track of
the plurality of tracks while servoing to a
third propagation burst located in a third track
of the plurality of tracks, said third track of
the plurality of tracks located intermediate
said first track and said second track.

66. The system of claim 65, wherein a plurality
of propagation bursts are located in respective
tracks of multiple tracks of said plurality of
tracks, said multiple tracks including said third
track and located intermediate said first track and
said second track.



-40- 45. The system of claim 44, wherein said means for servoing
incl udes nmeans for deriving a function fromrespective signals received

fromthe plurality of propagation bursts. 46. The system of claim
45, wherein the function is a weighted average cal cul ated fromthe signals.
47. The system of claim 39, further conpri sing: ne

witing a product servo-pattern burst while servou'
first or second propagation bursts. 48. Th Hmrﬂﬂm 39
wherein the actuator is a rotary actuatorg- and the storage | Wim

circular storage nedium and the plurality of tracks is™a plurality of
“radi al tracks.

67. A method for writing timing and positioning
bursts of a propagation pattern in a self-
servowriting system having a storage medium with a
plurality of tracks for holding bursts therein, said
method comprising:

writing a plﬁrality of successive
propagation bursts comprising a portion of the
propagation pattern in first respective tracks
of the plurality of tracks, said first
respective tracks separated by a first track
pitch; and

writing a plurality of successive timing
bursts comprising said portion of the
propagation pattern in second respective tracks
of the plurality of tracks, said second
respective tracks separated by a second track
pitch different than said first track pitch.

68. The method of claim 67, wherein at least
one of the first respective tracks overlays at least
in part at least one of the second respective tracks.



-41- o

49. A net hod for writing propagation bursts in a

S8l f - serVOWW|t|ng system having a storage mediumw th a plurality of tracks
for holding bursts therein, conprising: witing a first
propagation burst in a first track of the ploratityof—t+acks—said
Wwiting including: servoing to a s | bur st
located in a second track of the plurality mﬂﬂ"ﬂﬂ;@ il. Tﬂtlte a
third propagation burst in a third track sucee rst

track, said
servoing to
pr opagati on

second track precedi ng sai d-49-
said third propagation
bur st..

first track; and
burst to wite said first

69. A system for writing timing and positioning

bursts of a propagation pattern in a self-

servowriting system having a storage medium with a

plurality of tracks for holdlng bursts therein, said

system comprising:

means for writing a plurality of successive
propagation bursts comprising a portion of the
propagation pattern in first respective tracks

of the plurality of tracks, said first

respective tracks separated by a first track

pitch; and

means for writing a plurality of successive
timing bursts comprising said portion of the

propagation pattern in second respective tracks

of the plurality of tracks, said second

respective tracks separated by a second track
pitch different than said first track pitch.

'70. The system of claim 69, wherein at least
one of the first respective tracks overlays at least
in part at least one of the second respective tracks.



242- 50. A systemfor witing propagation bursts in a

LN

sel f-servowriting system having a storage mediumwi th a plurality of tracks

for holding bursts therein, conprising: means for witing a
first propagation burst ina first track of Lhe4@4#4#+%y—e+—+facks
‘'said neans for witing including: means f or

second propagation burst located in a secﬁ‘ﬂll\m Hlu “im l[l

the plurality of tracks to wite a third in a
third track succeedi ng the fi+s0-track, sal d second

track preceding said first track; and means for servoing
to said third propagation burst to wite said first

propagati on burst. 71. A method for writing a product segzvo- 51. A -

met hod for wiphegeRhORAJA! A ik, Siconiptising:

(a) writing a propagation pattern on the
medium including servoing a first head to write
each of at least some of a plurality of burst
tracks of the propagation pattern at unequal
épacings therebetween; and

(b) writing the product servo-pattern on
the medium including servoing a second head to a
respective at least one of the at least some of
the plurality of burst tracks of the propagation
pattérn to write each of at least some of a
plurality of burst tracks of the product servo-
pattern, each of the at least some of the
plurality of burst tracks of the product servo-
pattern having equivalent spacings therebetween.

. 72. The method of claim 71, wherein the
servéing of the writing'step (a) includes positioning
the first head by comparing a signal received from a
respective previously written burst track of the.
plurality of burst tracks of the propagation pattern
to a first reference level, the first reference level
being held constant while writing the at least some
of the plurality of burst tracks of the propégation
pattern.



a, sel f-servowiting systemhaving a storage nediumwi th a plurality of
t'racKs for hol ding bursts therein, said nethod conprising:

servoing to a plurality of propagation bursts located in at |east two
of the plurality of tracks according to a function derived from
reading said plurality of propagation bursts; —ahel wTting
anot her propagation burst in anot her track of t racks,
t he anot her track |ocated outside of the at mun "E‘M"l [“f’u
plurality of tracks, said witing BLUrri Bersoing

52. The nethod of _claim51, wherein the at Ieast tmo of the plurallty of
tracks conprises at |east two successive tracks immediately preceding the
anot her track. 73 .53Thghmetbodoofotclelim ARs1whenedini hkhehfipetiral ity of

propagati on buaaha iéemhﬁﬁihéﬂuk%df%&P%&Ehﬁgehfiﬁkéaﬁﬁ E?Etéh Lgent two of
the plurality of successive track of . clalim53,

wherein sai d f GReti 6hei WngdielqFPagings: xgeudt ﬁEQBeEPFéénglﬁﬁﬁls recei ved
fromrespecti veigaesrefeirbacpl Qeslelt yonktphepagati on bursts.

74. The method of claim 73, wherein the medium
is, a circular storage medium and the first head is
mounted on a rotary actuator.

75. The method of claim 71, wherein the
servoing of the writing step (b) includes positioning
the second head according to a function of a signal
received from a respective burst track of the
plurality of burst tracks of the propagation pattern,
the function being varied for said each of the at
least some of the plurality of burst tracks of the
product servo-pattern.

76. The method of claim 75, wherein the
function is varied such that the equivalent spacings
resuit between said each of the at least some of the
plurality of burst tracks of the product servo-
pattern.

77. The method of claim 76, wherein the
function is varied according to a position of the
second head over the medium.

78. The method of claim 71, wherein the
servoing of the writing step (b) includes positioning
the second head according to a function of a
respective plurality of signals received from a
respective plurality of burst tracks of the plurality



- 44- 55. The nethod of claimb51, wherein said function is a weighted
aVeraée of respective signals received fromrespective ones of the
plurality of propagation bursts. 56. The nethod of claimb51, wherein
the at least two of the plurality of tracks conpri ses—at—t+east—two

successive tracks preceding the another track.
witing propagation bursts in a self-servowiting syst‘ ?‘ﬂ]ﬁ‘!ﬂmm}age
mediumwi th a plurality of tracks for holding bursts t L ssystem

conpri si ng: nmeans for servesmg to a plurality of

propagation bursts located in at |east two of the plurality of tracks
according to a function derived fromreading said plurality of
propagati on bwftlsyrsincdcracks of the rpeepagatiioR |Ra}trfgﬂ§hc¥t91é'fmr¥r%pagat i on
bur st in éé‘:?&*%‘é ch ISk 4 :Ihewééli abdriey Of ﬂﬁ@Cﬁﬂmrélmec of anot her
track | ocated outside of the_ at theIPIurallty of ‘tracks,

said witing burs’bc‘é’iﬁ?’?%goﬁtﬁli‘%ng%‘il‘bc%e?‘?/”é‘f‘?]gpat

79. The method of claim 78, wherein the
function is varied for said each of the at least some
of the plurality of burst tracks of the product
servo-pattern -such that the equivalent spacings
result between said each of the at least some of the
plurality of burst tracks of the product servo-
pattern.

80. The method of claim 79, wherein the
function includes respective weighting coefficients
for each burst track of the respective plurallty of
burst tracks of the propagation pattern and wherein
the function is varied by varying at least some of
the track weighting coefficients.

81. The method of claim 80, wherein the at
least some of the respective weighting coefficients
are ‘varied according to a position of the second head
over the medium.

82. The method of claim 71, wherein the first
head and the second head are different heads.

83. A storage medium readable by a machine and
- tangibly embodying the product servo-pattern written
according to claim 71.



58. Th@ system of claim57, wherein the at |east two of the plurality of
»tfracKs conprises at |east two successive tracks imediately preceding the

- -45- 59. The "
system of claim57, wherein the plurality of propag

anot her track.

“in respective tracks of the at |east two of the pl uﬁglmum;lmﬁuﬂﬂm'

“ufctfonsis a

tracks.

60. The system of claim59, wherein said

*

ocat ed
ve

wei ght ed average of respective signals received fromrespective ones of the

plurality of propagation bursts.

-3l. The system of claim57, wherein

said function is a weighted average of respective signals received from

respective ones of the plurality of propagation bursts.

62. The

system of cl ai m 57, spherRi saybbemafokreasiting af produptusetirby of tracks
conpri ses at Iggé£e£ﬂoogugcsgagﬁg t58&5§18555?di”9 t he anot her

(a) means for writing a propagation
pattern on the medium including means for
servoing a first head to write each of at least
some of a plurality of burst tracks of the
propagation pattern at unequal spacings
therebetween; and

(b) means for writing the product servo-
pattern on the medium including means for
servoing a second head to a respective at least
one of the at least some of the plurality of
burst tracks of the propagation pattern to write
each of at least some of a plurality of burst
tracks of the pfoduct servo-pattern, each of the
at least some of the plurality of burst tracks
of the product servo-pattern having equivalent

_spacings therebetween.

85. The system of claim 84, wherein the means

- for servoing of the means for writing (a) includes

means for positioning the first head by comparing a
signal received from a respective previously written
burst track of the plurality of burst tracks of the
propagation pattern to a first reference level, the
first reference level.being held constant while
writing the at least some of the plurality of burst
tracks of the propagation pattern.



track. - 46- 63. A method for
writing product servo-pattérn bursts in a self-servowiting system having a
storage nediumwith a plurality of tracks for holding bursts therein, said

met hod conpri si ng: witing a first product servo-pattern burst
in a first track of the plurality of tracks; and 1] :
second sequential product servo- pattern burst in “",mmmiluuuﬁlﬂiﬂ"
the plurality of tracks while servoing to a third prropagatioh s * -
burst located in a third track of the pl-@aality of tracks, said third
track of the plurality of tracks located internediate said first track
and sai d second track. 64. The nmethod of claim63, wherein a

plurality of propaga8en Bugss¥ste® eHcalaimiss  chrkeincthe sEissbf

mul tiple trackshehdsgs dn@hufdbta¥eqf okl 46Ksngéa@i fin Nshid Pspstémcdechncl udi ng
said third tracghagd ocat ed |fterned|ate salf fkrst ﬁrfg and sai d second
track. at the unequal spacings result rrom holding the .

first reference level constant.

87. The system of claim 86, wherein the medium
is a circular storage medium and the first head is
mounted on a rotary actuator.

88. The system of claim 84, wherein the means
for servoing of the means for writing (b) includes
means for positioning the second head according to a
function of a signal received from a respective burst
track of the plurality of burst ‘tracks of the
propagation pattern, the function being varied for
said each of the at least some of the plurality of
burst tracks of the product servo-pattern.

89. The system of claim 88, wherein the
funqtion is varied such that the equivalent spacings
result between said each of the at least some of the
plurality of burst tracks of the product servo-
pattern.

90. The system of claim 89, wherein the
function is varied according to a position of the
second head over the medium.

91. The system of claim 84, wherein the means
for servoing of the means for writing (b) includes
means for positioning the second head according to a
function of a respective plurality of signals
received from a respective plurality of burst tracks



-47- 65. A systemfor witing product servo-pattern bursts in a

sel f - Sérvowiting systemhaving a storage mediumwi th a plurality of tracks
for holding bursts therein, said system conprising: means for
witing a first product servo- pattern burst in afTirs

plurality of tracks; and means for wit

sequenti al product servo-pattern burst in a secondl"'ﬂ“ﬂ"ﬂﬂﬂﬁ"ﬂluuﬂe
plurality of tracks while servoing to a third propagatconLbuw sts =+

|l ocated in a third track of the plobarity of tracks said third track
of the plurality of tracks | ocated i nternedi ate said first track
and said second The system of m 65, wherein a

o r a1y of _pribdiiR RN G YR PANP o S | RIS

mul tiple trackpaften dplvrritde tyaind dacickst tdm catmildagd esdmecd® i ncl udi ng

said third trage,anth LOcAHGd dOHGLIEY &l feid! Sk Tdde pdddide Akh-pal d second

track.

pattern.

92. The system of claim 91, wherein the
function is varied for said each of the at least some
of the plurality of burst tracks of the product
sexrvo-pattern such that the equivalent spacings
result between said each of the at least some of the
plurality of burst tracks of the product servo-
pattern.

93. The system of claim 92, wherein the
function includes respective weighting coefficients
for each burst track of the respective plurality of
burst tracks of the propagation pattern and wherein
the function is varied by varying at least some of
the track weighting coefficients.

“94. The system of claim 93, wherein the at
least some of the respective weighting coefficients
are varied according to a position of the second head
over the medium.

95. The system of claim 84, wherein the first
head and the second head are different heads.

96. A storage medium readable by a machine and
tangibly embodying the product servo-pattern written
according to claim 9.



-48- 67. A method for witing tinmng and positioning bursts of a
ptopagation pattern in a sel f- servowiting system having a storage medi um
with a plurality of tracks for holding bursts therein, s

conpri si ng: witing a plurality of successive ropagati on-
bursts conprising a portion of the pr opagati on patter”,!!'"”ﬁﬂ,"””"””m
respective tracks of the plurality of tracks, said fiKSeR ! 2
respective tracks separated by a first track pitch; and _ ? *
witing a plurality of successive timngsé- bursts conprising said
portion of the. propagation pattern in second_respectLve trackf i b of
the plurality of tracks, said second _, respective tracks separate y a
secoﬁd tracky pifth ot rt%EAge t%%i’fﬁ%‘fﬁf@e th¥ack waghine and @3,

The nethod of alaigilflly ewissdyindiia |Easdudtervdatitdst wmﬁiwkt racks
overlays at | eastry Ly Bi"do And Rt fn N S5O I SREUL IS AL ESKS

to claim 19.

98. A stofage medium readable by a machine and
tangibly embodying the product servo-pattern written
according to claim 37.

99. A storage medium readable by a machine and
tangibly embodying a product servo-pattern written by
servoing to the propagation bursts written according
to claim 49.

100. A storage medium readable by a machine and
tangibly embodyiﬂg a product servo-pattern written by
servoing to the propagation bursts written according
to claim 51.

101. A storage medium readable by a machine and
tangibly embodying the product servo-pattern bursts
written according to claim 63.

102. A storage medium readable by a machine and
tangibly embodying a product servo-pattern written by
servoing to the propagation pattern written according
to claim 67. '

* % % * *



-49- | 69. A systemfor witing timng and positioning bursts of a
propagation pattern in a self- servowiting systemhaving a storage nedi um
with a plurality of tracks for holding bursts therein, said system

conpri si ng: means for witing a plurality of successive
propagation bursts conprising a portion of the propagation pattern in
first respective tracks of the plurality of tracks, said first
respective tracks separated by a first_%&qck pitch; and

means for witing a plurality of successive timng bursts conprising
said portion of the propagation pattern in second respective tracks

of the plurality of tracks; said second respective tracks separated by
a second track pitch different than said first track pitch. 70.
The system of claim69, wherein at |east one of the first respective tracks
overlays at least in part at |east one of the second respective tracks.

METHODS AND SYSTEMS FOR SELF-SERVOWRITING INCLUDING
MAINTAINING A REFERENCE LEVEL WITHIN A USABLE DYNAMIC RANGE

ABSTRACT

Methods and systems for self-servowriting a data storage medium are disclosed,
including servoing to propagation bursts of a propagation pattern located in tracks (200)
other than an immediately preceding track. Reference levels used to position a recording
head are accordingly kept in a usable dynamic range necessary to keep servo track
spaciﬁé constant across the medium. The methods and systems are disclosed in
connection with a rotary actuator having spaced read (105) and write (100) heads.
Similar methods are disclosed for writing trigger or timing bursts of the propagation

pattern.

Fig. 4.
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-50- . 71. A nmethod for witing a product servo- pattern on a medi um
conpri-sing: - (a) witing a propagation pattern on the
‘medi um i ncluding servoing a first head to wite each of at l.east sone
of a plurality of burst tracks of the propagation pattern at unequal
spaci ngs therebetween; and (b) witing the product
servo-pattern on t he medi um i ncl ?ing servoi ng a second head to a
respective at |east one of the at Ie&z some of the plurality of burst
tracks of the propagation attern to wite each of at |east sonme of a
plurality of burst tracks of tha&nproduct servo- pattern, each of the
at | east sone of the plurakdty of. burst tracks of the product servo-

pattern havi ng equi val ent spaci ngs er ebet : 72. The net hod of

claim 71, wherej he servoing of. the i ncl udes positioning
the first heaaﬁﬁﬂréoébEMEMTa ' r

ective previously.
witten burst track
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i t

plurality of burst tracks of the propagation pattern to a first reference
| evel, the first reference | evel being held constant while witing the at

| east some of the plurality of burst tracks of the propagation pattern.

-51- 73. The nmethod of claim 72, ‘wherein the first head is.

manuf actured or arranged in said sys such that the unequal spacings
result fromholding the first refererice | evel constant, 74. The
method of claim 73, wherein tWRITEJEWHMENE ciredmar—si or dge r@pli:tggﬁnd the
first head is mounted on a rotar\CENTER or. ——75»t The<rret claim

71, wherein the servoing of the witing step (b) inclules, os,.iti(%jn ng the
second head accordi ng t oWRITENBLLEOMENT a S recel ved nroma respective
burst_tracksof the phurality ofQ0® s of the pr¢padati orRR&D ern,
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76. "The nethod of claim 75, wherein the function is varied such that the
equi val ent spacings result between said each of the at | east sone of the

plurality of burst tracks of the product servo- pattern. 77. The
met hod of claim 76, wherein the function is varied according to a position
of the second head over the nmedi um 78. The nethod of. claim 71

wherein the servoing of the witing step (b) includes positioning the
second head according to a function o¥9% respective plurality of signals
received froma respective plurabigy—af hurst tracks of the plurality

-52-. of burst tracks of the propagation pattern to wite said dach of the
at |l east sone of the plurality of, burst tracks of the oduct
servo-pattern. 79. The d of claim 78, rein the fdnction is
varied for said each of the atkleasf sone of the pldrality of burist tracks
of the product servo-pattern sgimc;hat t he equi vayent spaci ngs 1
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result between said each of the at |east sone of the plurality of burst
tracks of the product servo- pattern. 80. The nethod of claim 79,
wherein the function includes respective weighting coefficients for each
burst track of the respective plurality of burst tracks of the propagation
pattern and wherein the function is varied by varying at |east sone of the
track wei ghting coefficients. 81. The nethod of claim80, wherein
the at | east sone of the respective ighting coefficients are varied
according to a position of the second”head over the nmedi um 82. The
net hod of claim 71, wherein the first head and the second head are

di fferent heads. 83. A storage.nediumreadable by a machine and ~

tangi bl y enbodyi ng the product servo-pattern witten according to claim71.
-53-
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84. A systemfor witing a product servo- pattern on a medi um conprising:

(a) neans for witing a propagation pattern on the nmedi um i ncl udi ng
means for servoing a first head to wite each of at | east sonme of
a plurality of burst tracks of the “propagation pattern at unequal
spaci ngs t her ebet ween; and (b) means for witing the
product servo- pattern on the medi umi ncl udi ng neans for servoi ng
a second head to a respective at Igzgzt one of the at least s -‘oé t he
plurality of burst tracks of propagation pattern to WI‘IEEEM NT
each of at le sone of a plurality of burst tracks of 4 uct
servo- patternt h of the . at | east sone of the plural |éyE -
tracks of the BERMUGt -ser PRORAGATIONI ng equi val ent L S
t her ebet ween. PAmRﬂjhe SYSPATTERN ai m 84,n wherein the nea
servoing of th OTS rjrg- tay inckudes repns for positio e
first head by c rrparl egj;na recei ved r[;ma espective pre i e
witten burst tr he pluralitynof2byrs} tlratks of the ppegat i
pattern to a2@0 rence | eyel €] fijrst rief grence | eve ing? Ld
constant while t He-at- 4 -donp-4f [heé—ptuw-ality of burst ¢ Oxs
of the propagat?on p Brn.
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- 54- 86. The system of claim85, wherein the first head is

nmanuf actured or arranged in said system such that the unequal spacings

result fromholding the first reference | evel constant. 87. The
system of claim 86, wherein the nmediumis a circular storage nedi um and the
first head is mounted on a rotary actuator. 88. The systemof claim

84, wherein the neans for servoing of the neans for witing (b) includes

means for positioning the second hegﬁ%(accordi ng to a function of a signal

received froma respective burst track of the plurality of burst tracks of
t he propagation pattern, the tiQn | ng. varj for said each of the at
| east sonme of the plurality céél@g’r‘%éﬁﬁé&%gﬂ product servo-pattern.
89. The system of claim 88, wherein the func AR is varied such & t he
equi val ent spaci ngg t between said each o e at least s r}%{MEEEt he
plurality of bursgA gBOf t he product servo- pattern. - LEMENHe
system of cl aim 89, n the funddibn is vari é\d‘hccordiRgA@ a_position

of the seconq head t he medi um. \/\ n ELEMENT
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91. The system of claim 84, wherein the neans for servoing of the nmeans for
writing (b) includes neans for positioning the second head according to a
function of a respective plurality of signals received froma respective

plurality of burst tracks ~of the plurality of burst tracks of
the propagation pattern to wite said each of the at |east sone of the
plurality of burst tracks of the product servo- pattern. 92. The

system of claim91, wherein the function is varied for said each of the at
| east some of the plurality of burst ?/Packs of the product servo-pattern

such that the equival ent spaci ng? I en said each of the at |east
some of the plurality of_ burst t %gg A product servo- patteMRITE
93. The system of clai/fm 92, wherei A cLi i ncl udes respecELEMENT

wei ght'ing coefficientp SER¥aGch burst track he respective N lity of
burst tracks of the p|PRDRERN pattern and erein the fun Ii_%ulﬂ:_pg.rvari ed
by varying at |east spne o%.ltﬂg lirack wei g ng coefficients:
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94. ‘The system of claim93, wherein the at |east sone of the respective
wei ghting coefficients are varied according to a position of the second

head over the medi um 95. The system of cladim84, wherein the first
head and the second head are different heads. 96. A storage nedi um
readabl e by a machi ne and tangi bly enbodyi ng the product servo-pattern
witten according to claim?9. - - 56-

97. A storage medi um readabl e by a machi ne and tangi bly enbodyi ng a product
servo-pattern witten by servoing to the propagation pattern witten
according to cl.aim19. 98. A sgpgage medi umreadable by a machine
and tangi bly enbodying the prodyct Seryq-pattern written according to claim
37. : e :
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_95f A‘storage medi um readabl e by a machi ne and tangi bly enbodyi ng a product

‘servo-pattern witten by servoing to the propagation bursts witten
according to cl aim49. 100. A storage nedi um readabl e by a machi ne
and tangi bly enbodyi ng a product servo-pattern witten by servoing to the
propagation bursts witten according to claimb51. 101. A storage
medi um readabl e by a nmachi ne and tangi bly enbodyi ng the product
servo-pattern bursts witten according to claim 63. 102. A storage

medi um readabl e by a machine and tangi bly enbodyi ng a product servo-pattern

witten by servoing to the propagati%f pattern witten according to claim
67. : .
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