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501.12-1145/STL 13247 -1- COMPENSATING THE EFFECTS OF

sor NONSYAGHRONOUS WRITING OF ERASABLE SERVO MARKS
FIELD OF THE DISCLOSURE 5 The present disclosure relates generally
to data storage media, and more particularly but not by limitation to
communicating with the data storage"hiedia where information is erased
after being accessed. BACKGROUND In data storage systems, digital

COVEPRIR SUTRN €0 PAE 'ERPEICTS BIANISIRSYRRYIR SR BER WRRITANE OF
type of data storage Syﬁﬁ@ﬂ%ﬁﬂ@?ﬂﬂ@%‘ﬁﬁd@é‘ds and writes

information along concentric tracks formed on disks. Read and write
operations are performed through a transducer, which is typically carried
on a slider body. To loddield) pAfTCHIBIMSCH OBV REK, disk drives

typically use embgdded servao, fields on the disk. These embedded field

oo LHTEFESS S St S GOSN Iy ARGISPEE e gand more
parteadvribheadouer ampatisHabli@sknAi it grivesHNBS@MA storage media

subsystem includes a controller that is attached to the transducer to

whegmirdprmabsnissanrshalierRing feegsesdding to its input position error
signal (PES). Another type of glalaistergseystem is known as a probe
storage system, which reads and writes information using multiple
trankddate statage syattsts digithdataane wiotegdo 20dweddifeim detasimgrgetinedia.

disk drives, probe storage devices use servo marks to locate data store .

O s oA R D T R R i et o g e wrtes

infoiematitanaidiey @aebnteiadriokeddiiaednisnstsrsl ORSNE de Wi asperitisns are
ead, that specific data will be_erased, including the servg marks used to

perigpes, HausbsriANS o drhidhie DiRtelbrsaededign aatidedbagthelo locate a
parREGIRARANIHS A BHSUHACHIN & RSN CRENSITLI RO FRIBIHIGEES These

multiple tracks of servo marks are written on the medium and they are

emierlded Gddscuativelizemduaa srmoneubrypiop: DuePwsitaoha transducer such as
o e T e e I R U s o
conttellgotitivisrajtaftiag tathdranasthoet ideorattd ritptopgtial yokitidatbypmoving it
accotp(%ng to its input position error signal (PES).

Another type of data storage system is known as a probe storage system, which
reads and writes information using multiple transducers that read stored data from storage
material. Like magnetic disk drives, probe storage devices use servo marks to locate data
stored on the medium. In some instances, the data stored in these devices is rewritten after
each read. Once the data stored on this type of material is read, that spedific data will be
erased, including the servo marks used to identify the position of the data. The write process
is executed by the ordinary write transducer in a non-synchronous method. For example,
multiple tracks of servo marks are written on the medium and they are written
consecutively, instead of concurrently. Due to such non-synchronous writing, the data may
not be rewritten back exactly at the expected position. Examples of the type of factors that
may influence the positioning of the data transducer when attempting to write data onto the

medium include electrical or electronics noise and jitter noise.
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medium include electrical or electronics noise and jitter noise.
so1.2Phskai 114p/STL 13247 -2- Thus, there is a need for systems and
methods for interfacing with a data storage medium to compensate for
the effects of non-synchronous writing. SUMMARY Aspects of the
present disclosure relate to compensating the effects of non- 5
synchronous writing of data onto data storage systems. In one particular

. : ) i data fro
e R Sl T AR (A AP o
meditasegd doonpehsaterferithereffehis ofstmes) futtteoncivdasgletermining a

desired position rewrite the dat%%gg%q;lta storage medium, including
computing a position error signd on the read data and

compghsadiog the pasitinn Aidosisealdatd e aatpdiastinperdaéaisthen non-
rewritten onto the data storage medium in a non- synchronous manner. In

synghepRerEsHEENE AelAbas rSoidetarRaeoieaasre lIPRe AR IRBIATASPect, a
mefi@ St %1889?““Th]éhﬁg?%&‘%&e%eE‘é%ﬂf?%(&!\?&af{?&x%adﬁﬂ storage

track and 15 a second track, and the step of reading the data causes the
medatmio Fbestepddfornafting¢hituda tiheanseth dbiefudtiter inchedemsedrifiogn the

the data,onto the data stora diym. The method deteymines a .
e RS RS TR PAUIS SRR RBSh sy rite he
datercoitsignaldaasetoragheriaipisigiatiedaigecoiignting dasasitesadsror signal

medium and compensating the position error signal for 20 non-zero bias.

based O e L e ARt RRD FRITRET RN ARETRRSHIOM SITa% SigRabef Ren-zero
biad* degifedaesitiondurie.fateean 6?\?05%8”9&{30&3&%@ andhenasnest non-

an apparatus is provided. The apparatus includes a data storage medium
synghtpa@atansgmaiunication transducer configured to receive data from the

S P IR R ISR SISy om o
datthstodage stedigermdiiarddreamdndynshronensricialuated onn-figd biack and
a second track, and the step of reading the data causes the data to be erased from
the medium. The method further includes rewriting the data onto the data
storage medium. The method determines a desired position to write data on the
first track by computing a position error signal based on the data signal received
from the data storage medium and compensating the position error signal for
non-zero bias. The data is then written onto the first track. The method also
determines a desired position to write data on the second track.

In yet another aspect an apparatus is provided. The apparatus includes a
data storage medium and a data communication transducer configured to receive
data from the data storage medium. The data is erased after it is read. The data
communication transducer is configured to rewrite the read data back onto the
data storage medium in a non-synchronous manner. A non-zero bias
compensator is also provided. The non-zero bias compensator is configured to
compensate data received by the data communication transducer to determine a
desired position to rewrite the previously read data back onto the data storage

medium.
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compensator is also provided. The non-zero bias compensator is
sor9EgHred,jo compensate data received by the data communication

transducer to determine a desired position to rewrite the previously read

data back onto the data storage 30 medium. 501.12-1145/STL 13247 -3-

These and other features and benefitdthat may characterize aspects of

the present disclosure will be apparent upon reading the following

detaied AGsETRIP Pe%jxee‘é%‘Q{&fb‘él?eﬁ%‘?ﬁﬁtﬁqayéﬂﬁ?%g%@é% ects of the

DESCRIPTION OF THE DRAWINGS 5 FIG. 1 illustrates a data storage
presgsterdibcosgra stoilhgbenegipatattis upcanmnechdingn treayfoll datmgrodbetailed
ips ar transducers. FIG. 2 is a schematic representation of an expected
i ke

t
desﬁé gr%no% uliﬁ‘ﬁgwtr%c }Eeoq‘sagféa HOHtPE data storage medium of
the data storag BRYEEDESCRIPTION GICTEA A ds effects of

jitter on the writing of data onto the data storage medium. FIG. 3B

iluditfbted tHRUSHRRES oF jHRIA OHAFRERIINICON AN 196G seiRERgeiaedanthat is
scalq?lpe@gy;‘ ﬁ%ﬁ%@@?@ﬂg@%ﬁ; &is aAlrcidiagram illustrating a

mathematical system used to 15 calculate the positioning of a data probe
transdecér iwith sebpavttio tteprisentstvoageiredienperial Patem of multiple

raphigal illustration oEdat collected in a simulatign using.the, model FIG.
o B R Rl SR St SRR S Sir e syoim of

FIGransducer plotted against the actual displacement of the probe
transducer. 20 FIG. 5B js a graphical illustration of the variance of the first

posiion Hedtitisates Hicvsliecsietidteanitherstiiang piclai e te data

storié%gﬁ@ghjﬁﬁ[ illustration of data collected in a simulation using the model

4 of the mean of a second position estimation error of a probe
FIG. 3B illustrates the effects of jitter on the writing of data onto several

tracks in the data storage medium.

FIG. 4 is a block diagram illustrating a mathematical system used to
calculate the positioning of a data probe transducer with respect to the data
storage medium.

FIG. 5A is a graphical illustration of data collected in a simulation using the
model FIG. 4 of the mean of a first position estimation error of a data probe
transducer plotted against the actual displacement of the probe transducer.

FIG. 5B is a graphical illustration of the variance of the first position
estimation error data collected and illustrated in FIG 5A.

FIG. 5C is a graphical illustration of data collected in a simulation using the
model FIG. 4 of the mean of a second position estimation error of a probe
transducer plotted against the actual displacement of the probe transducer.

FIG.6A is a graphical illustration of the effect of non-zero bias on the
estimation error from a first position estimation signal.

FIG 6B is a graphical illustration of the effect of non-zero bias on the
estimation error from a second position estimation signal.

FIG. 7A is a graphical illustration of the estimation error from the first

position estimation signal after compensation.
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transducer plotted against the actual displacement of the probe
sor S ANSENGES,,25 FIG.6A is a graphical illustration of the effect of non-zero
bias on the estimation error from a first position estimation signal. FIG 6B
is a graphical illustration of the effect of non-zero bias on the estimation
error from a second position estimatidh signal. FIG. 7A is a graphical
illustration of the estimation error from the first 30 position estimation
S'g'ﬁ@f% ) %?%ﬁﬂﬁ@ilﬁ%&t}gﬁ%}ﬁgﬁij{% s o dftof %@xﬁ‘ the second
graphical illustration of the estimation error from the second position
posiéistimesiomatiprabigfter aftepemsytinsakl@. 8 is a schematic diagram
illu ﬁing frack i:%coher.enge on a s]lfﬂrage medjum 5 FIG. 9A is a ;
gr:fﬁL Rl iRt te AR E o AR B AR R EPI S & PR fofTorage
med&it@h from the first position estimation signal after compensation. FIG. 9B
is aﬁaraphical illustration of the effects of track incoherence on the

estif&ticiels & gomhitalsbiusierposiRif e wiiesisrpsigagkdnepherence on the
estiﬁ%ﬁ%?lr@qBQQrom%P Q‘ﬁ%@ﬁl@%&g éﬁ;ﬂ%%@&e@omﬁégsa]ﬂon.

system 100 includes a data storage medium 102~ and a transducer array
1045{8ls OBcie regtaphisa globaticay pfhidnecelfartanifdresk databemmte on the

.rec?ives data from data storage medium 102, Data Sto%%? medium ca
estimatl s

NS SR L O S R RSP tR Ao RRal s SHiaRasaron-

track transducers (or prabETigs).BHOIDESTRIPIINsducers 104 are
represented bg{lﬁjTlPéL,;l), TIP (N,1), TIP (1,N), etc., in FIG. 1. System
10048 AbpteatscbindXs o protersy Ui arflgjaretaregs, medium 102

and"AMRHUERESTAYrA 04 (R URRPHEE YRt SIRg e ﬁbeé%ég; eXEMIIFmunicates

Other primary components of system 100 include a contfoller 106,
datpelsiandiaasiedvisydats framsdaleestpoagiiomediciroul63. 1 Ixtarsgorage medium

L L T B
tradkdrdrstiecdi®@or probe tips) of the array of transducers 104 are represented by
TIP (1,1), TIP (N,1), TIP (1,N), etc., in FIG. 1. System 100 is also referred to as a
probe storage system. In system 100, the transducer array 104 is supported by a
single arm 105, for example. Other primary components of system 100 include a
controller 106, read/write circuitry 108, transducer positioning circuitry 110, and
actuators 114. Transducer positioning circuitry 110 controls the position of the
transducer array 104 with respect to the data storage medium 102. Controller 106
coordinates and controls the operation of read/write circuitry 108, transducer
positioning circuitry 110, and actuators 114 in addition to communicating
information with a host system 116. Host system 116 can include a micro-
processor-based data processing system such as a personal computer, a hand-held
device, or other system capable of performing a sequence of logical operations.
Read /write circuitry 108 helps convert data received from host system 116 into a
form suitable for writing a medium 102. Also, circuitry 108 helps convert data
read by transducer array 104 into a form suitable for communication to host 116.

Actuators 114 help provide relative scanning motion between data storage
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coordinates and controls the operation of read/write circuitry 108,
soLAnsdyces, positioning circuitry 110, and actuators 114 in addition to

communicating information with a host system 116. Host system 116 can

include a micro- processor-based data processing system such as a

personal computer, a hand-held 25 d®vice, or other system capable of

performing a sequence of logical operations. Read/write circuitry 108

r recel 0 int [tab

e e EO8 e ek TL A og Sen O ot AR (R cara
stotagestiedénaridi2 o4l itite ddertmasuithisierfarragrfdunication to host 116.

S T A R S T i

tips;alRe igieseaeiraaih alt)ectatan dindedsotte gbsntidaZ afaaiiridalservo
transducer array 104. In some aspects, each segment/area 122 (area of

markshand Hsgispaimédaty maskalontitrssiioningedigaiab prebs firfuthat only
rea&%&Q&Rﬁ%ﬂé@@ﬁ@t}ﬂgr@(g%é&aﬂr SR Hse 5&4}3 @&ﬁgygﬁﬁ)déaicated

addition, dedicated probe tips that only read and/or write servo marks
datgpripdgutiabddglicaself vanve dettorsirkndpredivaing diadicatesltdatomgtors) can

rea(g{wr' e data mgrks (nggugg&gegigated data sectors) can Clbe used

ed.
be used. Sérvo and/or re, il SOIMe cases, ‘efa n read-back
B&t00 aRdor ofata nYarks are, In some cases, erassa oM re &-eba&, ¢

thetbbyeldyeeuisitiathaidheamarke bevedtietaitbehgingddad. 10 FIG. 2
illustrates a schematic representation of a first track 200, a second_track

202X Undaithirira i 6aheyindrRiieeBirTRRIRiB £irstdEralp 200 fysecond
tracki 3% | Rrtt e SRGIBRA oD ol i@ RBPRH e g rpRlectid daie,3lalags® 2, and

medium 102. In one aspect, the data on the tracks 200, 202, and 204 are
Tragkrlld Aasepeativiebive! siqtagipphied datthefarrodsriritalatiestesaggmmedium

102 (FIG, 1). 15, Fisst track 200 Hlustr X lary,pattern of
102, St ity TRt GBS O RS 0 A B e s
indfusti track 20§ thon dfuditatore bhevdttenstomgalteedating 102 dEECorig. bit/zero

bitsequepce g e Jist frequency wi, Simiatly, second fack 202 1% of
logical “one” bits 206 and “zero” bits 208. The bits in first track 200 are
illustratively written in an alternating logical one bit/zero bit sequence having a
first frequency 1. Similarly, second track 202 is shown with an alternating
pattern of one bits 212 and zero bits 214. Second track 202 is written at a second
frequency @2, which differs from first frequency wi. As with the first track 200
and the second track 202, a third track 204 of servo marks is written with
alternating one bit 218 and zero bit 220. The third track 204 is illustratively
written at the first frequency w1. It is to be understood that although the first,
second, and third tracks 200, 202, and 204 are illustrated as having alternating
patterns of a single one bit followed by a single zero bit, alternatively, a data
pattern written on the first, second, and third tracks may differ. For example, as
discussed below, a data pattern for a servo mark may include a single one bit
followed by a plurality of zero bits.

It should also be understood that although the data on the first, second,
and third tracks 200, 202, and 204 are written in patterns of differing frequencies,
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pattern of one bits 212 and zero bits 214. Second track 202 is written at a
s01.5862R¢. 20 frequency w2, which differs from first frequency wi. As with the
first track 200 and the second track 202, a third track 204 of servo marks
is written with alternating one bit 218 and zero bit 220. The third track 204
is illustratively written at the first freqqency wi. It is to be understood that
although the first, second, and third tracks 200, 202, and 204 are

o1 H{'rk?tﬁi}t,e&ﬂér aving ANating 28 RAHEINR.f 4 'ng%l?rfopi.&&%l}ﬁ?@ data
a single zero bit, alternatively, a data pattern written on the first, second,
canabel WinitterackgonfiystiifecoRdy erdnthied asadisc2e8edBeland @bt the same

attern for a servo . mark may ingclude a single gne hijt followed .
freq ity B LS B 28 S SR ARt e SepP b baing out of
phaze Wethirdhes@sRnon Reafitbthirec ket 200cRA2panerdld &ieowiHigs N phase
tgqatterns of differing frequencies, 501.12-1145/STL 13247 -6- cal and cat,
pPa

Fr piSATE IReAR etatthefrtR dmpisyiedond  Eacnid, s batompietely,
or REoVEKSR AN HrSLSERISE R ik fAtka 240, g%@a%%%@&ﬁhss a “null

same Trequency, but with the data on the second track 202, for example
pattering dotasd dpeseatiter thattkins santeefisinlayk @001 I8ucshdepattarg fsom the
scokgowgb%zsdﬁlsz?hsgusr%S pattern.” In some instances, the data on the second

frac can be completely, or 180 degrees, out of phase with the first

tracCkrachattenadonaw2 B B sl patiesd amdaddiiterdathes padefrisneale data
be emplqQyed without departing from the scope of the disclosure. Track

StORRERSEEHE1 008 (RS B blind uritd el Tens 43t the Bathe wlustrative
aspote/ AR SISk lFNAW R ARG Widih HRekrJISNeEHALR, gbtﬂ??]t no more

illustrative ‘aspect, haS approximately the same width as that of eac
thapgate HaekspRdmyratienatonimedyyeredsagkiteanad aceme Bysndataci the

firs' BROHES L U AR A 160 11585 SHEH4 W?ﬁt&@?ﬁzazﬁenﬁs%}(&@mus

204 are written in a non-synchfono(s manner. For examp
matersdbce egdhpleyvide toackrstiiadk @ostiomiiGesliv wifies theckrpobiin 216,

wrigeosot'h-[ehf?rns’ttﬂ%&aﬁg&raﬁggf tei{ezt%gc Ot}/aegst u%esref%] gngz\irgls( to a second track
position 218 and writes the second track 202. Similarly, the track transducer 210
moves to a third track position 220 and writes the third track 204. Because the
servo tracks are written in a non-synchronous manner, it is possible to realize
some variation (left or right in FIG. 2) with respect to the position of the data
written as compared to the desired position of the data. The variation, as is
discussed below, between the expected and actual positions can be affected by a
number of factors including, without limitation, servo position jitter and electrical
or electronics noise.

When data is read from the tracks 200, 202, and 204, the track transducer
210 moves across the tracks anywhere along the three tracks 200, 202, and 204.
For example, in FIG. 2, the track transducer 210 is positioned so that a portion of
the track transducer 210 moves over, and receives an input signal from, both the
first and second tracks 200 and 202. Thus, a portion of the track transducer 210 is
reading a signal having a frequency of @1 and a portion of the track transducer

210 is reading a signal having a frequency of @>.
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position 218 and writes the second track 202. Similarly, the track
sord5aisdHCgs,210 moves to a third track position 220 and writes the third
track 204. Because the servo tracks are written in a non-synchronous
manner, it is possible to realize some variation (left or right in FIG. 2) with
respect to the position of the data 20-fritten as compared to the desired
position of the data. The variation, as is discussed below, between the

?XPPR?%%r!%ﬁ%@{S‘lé%O%OQES&Q Be ﬁg?scéteo%bae%e r@n%%{o?tf I)%Cgog'osition to
including, without limitation, servo position jitter and electrical or
wrigteatdati ditoidoeMtednpasidicnréad trbm shevvacikeRG6,sPoyvandlafide to the

SCHRTGETLI 200,302 TSR Uy SO I G D e cha Sorage

medRARBALEET THE atepsitisried serlaba AARARI PitivskIs2naddeRE 23Pected

moves over, and receives an input signal from, both the first and secon

PositieR3B Paridion2f Pipar iyt slabs Mibsvshiasanserice e is desenked as

At WHERA NAYIDHA H&&%’P%H“&ﬁiéﬁ% %B?&HQ%}S’&%%&{P&QEP& CEN PR tual
210 is reading a signal having a frequency of @2. SO1.12-1145/STL

position pf ThédatBbitllustrates the effects of noise on determination of a

posit nrite a data bit. Desired position 230 of a servo mark is W

o e o BT A AR S o ATy 2024,
andp0a Aendath siesagehenetivi dPRoElatb@haifaaghstaaen the asibé seen,

position 232 and the expected 5 position 230 position of a particular data

theyiidthphihg logirdimaneiskitsande a0 Akitohave besnrapacisth susing an
irr Bl bﬁ%}%&@ggtmgﬁé&/?@wﬁhﬁgsﬂaﬁﬁ%ﬂd@@@h@&ﬂﬁ@ﬂ%ﬂ&oummg

. 3B illustrates a representative pattern of data on tracks
effezbaA, theoposiiereenmr vwhickashoof theeesidkte plemisevtings wanirgy eftually

o B ALt bra o e bt

of datacnaietheosiitequtnt compaundiiggetitfetnf the positivhes@benon the
pos?t?ggigfgtg? cfachspel%%%nttr\évrqistgggegg Hue;i/relgtg arlelewriting operation, it is necessary
to understand the nature of the factors that can cause position error. FIG. 4
illustrates a model 300 for estimating the position error signal (PES) associated
with servo marks onto the erasable data storage medium 102. Channel 302
represents the input of data marks read from the digital storage medium. The
inputs to channel 302 include a transition sequence 304, which is read from the
data storage medium 102, and jitter noise 306. The transition sequence 304
represents transitions in data on the data storage medium and is represented as aj,
where a; € {-1, 1, 0} with -1, 1, and 0 indicating negative, positive, and no
transitions respectively.

As a rule, servo marks are usually written in much lower bit density than
data marks. The density of data marks to servo marks is represented as DSR. It is
assumed that DSR is an integer. The transition sequence 304 (or servo mark
pattern) illustratively includes one nonzero transition followed by (DSR-1) zero
transitions. Jitter noise is represented as an input to channel 302 as {Ati}. Jitter

noise is represented in the model 300 by truncating an independent and
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cause loss of the servo marks and corresponding loss of data. In order to
so.Difsekine,gompounding effects of position error on the 15 positioning of
data probe transducers during a rewriting operation, it is necessary to
understand the nature of the factors that can cause position error. FIG. 4
illustrates a model 300 for estimating-8e position error signal (PES)
associated with servo marks onto the erasable data storage medium 102.
1den ar eI 3(%2 Hep nts the mput of datgmarks read fro(in the %%‘ltal ¢
f%)ra %sﬁipuPs SEANND 4272 iRISatad A varaRce of o] into
the SEHHET T&Wﬁ?%&?@‘i‘@&m&?? Faia laregs Mmegiym 102, and jitter
nois he tranéition sequence 304 represents trafisitions in data on
the Bhtatsamagenma{hpnnaﬂdnerrepl'esamba% iai repheserabd 2s1h(,¥8). The
; é -1,1,and O ndlcaﬁrré% f%geth smve an 0 transitions
rang be%f%?)?% S AlaTacteRie ertten in much lower
bit density than data marks. The den5|ty g;arks to servo marks is

represented as DSR. It |sh(15% ttaatt integer. The transition
sequence 304 (or servo mark pattern) il st%tlv includes one nonzero

trangj |0n llowe zer ltlons itter. noise
where 1 inb ?ovgh trh‘ngf g@% @j 4§ ReRs e Eﬁrégéfmfégﬁ & error
funfiRAeh3AR LY Jeuncating an mdependent and 501.12-11451STL 13247 -8-
identically distributed Gaussian process with zero mean and a variance of
into the range of [-T/2,T/2], \wﬁ? T Sa gstc% the data bit length. The
transition response from chan 302/_ presented as h(t,W). The
transition response from the channel is characterized by: 5 h(t, W)=V" erf
and Y p 18 W%fé’i’éjwlﬁﬂhé%ldth of h(t,W) at 50% of its peak value and
erf(t)is the error function defined f.i erf;tt)— T)s dx

P 2\ 2Wn2

The transition response of channel 302, is summed with electronics noise
function e(t) at summation 310. Electronics noise e(t) is modeled as Additive
White Gaussian Noise (AWGN) with zero mean and the single-sided power
spectral density of N,. N, is determined by the signal-noise-ratio (SNR) as

SNR = 1010g10£—]§‘—),
NO

where E, is the energy of the impulse response of the channel and assumed to be

1. The output of the summation 310 is thus a readback signal with a noise factor

summed in and is represented by r(t). The output r(t) from summation 310 can

be expressed as:

() IZ:;a,h(t—lT—At,,W)+e(t).

Output r(t) is then filtered at filter 312. Filter 312 is a continuous time filter
(CTF), which is represented by G(jo). The CTF is low pass filter with a

bandwidth of:
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7t o and Vp is a constant, defined as 01- 1 it 10V =. '2 2W2 1n2 The
soyansiion.sesponse of channel 302, is summed with electronics noise
function e(t) at summation 310. Electronics noise e(t) is modeled as
Additive White Gaussian Noise (AWGN) with zero mean and the
single-sided power spectral density &t-No. No is determined by the
signal-noise-ratio (SNR) as 15 SNR =10log,,( E, ), where E; is the energy
of the impulse response of the channel and assumed to be 1. The output
of the summation 310 is thus a reaglback-dgaéb\ith a noise factor
summed in and is represented by r(t). The output r(t) from summation 310

canThe eufpasetdisiNe2B 1 £8pHsbnRdWy 6(F). afcPisQutAplédab the rate

then filtered at filter 312. Filter 312 Is a continuous time filter (CTF), which

of lig FédresEhteshbypld EignaheGsTmisddythalsi fidtes vdth anddsipdieditviok ¢/
SOl.li—l_%f}ﬁlSTL 13247 -9- COB =T (rad/s ) The output of the filter 312

at 3oapfesented By JiF 4REPREN Ftes SREPASS B SYmImedrRy eespbint 320

andSHP3ANH EREIntRRGE b @ SAbrBIiPied IR L Kt A £ Hd 326 to

318. The respective mixed samples'are summed (averaged) at 320 5 and
gengpateyhbiet o siignierder ofignalsotRBfex vawresiareleRrastodiatesPavathdthe first

anfgegsgdgf%&lg\lﬁ%:gﬁgg .e)ose{}ll%nm%rror signals (PES;, wherei=1, 2)
associated with the firs
Model 300 assumes that the width of the track transducer and the track

width are equal. Thus, the displacement € of the track transducer (that portion
that is not in the middle track) is less than the width of the track. These
assumptions are represented as follows:
{thck =Wieaa }
Wi SESW,

It is also assumed that the total read-back signal r(t) is a linear combination
of read-back signals over all tracks, ya(t) (n = 1, 2, 3). The function ya(t) is the
response signal when the transducer is totally in track n and there is no
electronics noise, other than the jitter of servo marks. For a given transducer
displacement, ¢, the length of the transducer over track n is represented as qa(e).
As an example, the transducer displacement in FIG. 2 provides the following
values for qn(e): qu(e)=¢, qa(e)=Wina-e, and qs(e)=0. The total output y(t) is
expressed as:

H0)=32y e (),

track
where eg(t) = e(t)*g(t) and g(t) is the impulse response of the CTF 312.
In the case where there is no noise, that is, where e(t) = 0, the PES is
represented as

Y (kT )~ x0)

k=0

PES, = =12,

It can be shown that
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and second frequencies, cal and O)2. Model 300 assumes that the width
soL2h e track transducer and the track width are equal. Thus, the
displacement e of the track transducer (that portion 10 that is not in the
middle track) is less than the width of the track. These assumptions are
represented as follows: J Wtrack = whal 1lj -Wirack ~ e ~ T raek It is also
assumed that the total read-back signal r(t) is a Iinear combination of

read-back signals over all tra yn(t) e function y" (t) is
the 15 response signgkpg) rRn in track n and there
is no electronics noise, other a&the jit er cW,garvo arks. For a given

transducer displacement, e, the length of the transducer over track n is

wh fEPresented as g" (e). As an example, the transducer displacement in
FIG. 2 provides the following values for g" (e): qi(e)=e, g2(e)=Whack-e,
and g3(e)=0. The tot&R, gutputy(B73e 20CxiprdsBed-d2 y(t)= I(E) ya +e8 (t)i
where eg(t) = e(t)*g(t) andgft) is the impulse response of the CTF 312. In
the RESEAYIRES HIRra1RHS BY Fﬁ%m%hﬁ fyhere-pBrzfBrdN e "?aié%r N, that is,
represented a$ 25 PES; _ y(kT'1=1,2. k=0 It can be shown that

the 5OD1Q-3aA®1 §its theve ate. IﬁESniOEQ RensitieEPES; 2/ waith Wetipegted to

traf¥ASEN dlsp‘?aceh){ Alt(ra) e cbde sens%flwty parameters |Riz| and [Rz1]| are
relatively small compared to |Ri1] and |Rz2|. Thus, PES; can be approximated
as:

PES, =ﬂ|RM|

track

PES z(l— 4 JIR |
2 W 2,2

track

Thus, both PES: and PES; are linear with respect to |g|. Thus, |e| can be

estimated (&) as follows:

PES,
Rl,l

B =W

track

PES,
RZ.Z

)

with the estimation error, Ag; , defined as Ag, = éi—]€|,i =1,2. The estimate of |¢|

g2 = ‘/Vtmck (1 -

is a combination of £ and &,, represented as & =c, +c,&,, where ¢ >= 0 (i=1,2)
and c¢1 + c2 = 1. It should be understood that & is the estimation error based on
the portion of the data provided by the track having a frequency of @ and &,is
the estimation error based on the portion of the data provided by the track having
a frequency of @».

The estimations of PES described above work well for noise-free systems.

However, real systems include noise from such noise sources as jitter of servo

marks and electrical or electronics noise. In model 300, estimation error

Ag, =& —|¢,(i=1,2) is a random variable and is a function of both electronics
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k=0 R1,1 and R2,2 are almost proportional to N. Therefore, the larger N,
sorAkdSy :5e more servo bits there are, the more sensitive PES; is with
respected to transducer displacement, c. The cross sensitivity parameters
I R1,21 and | R2,11 are relatively small compared to | R1,1 | and | R2,21-
Thus, PEST can be approximated ad1PES, = IEl 1R1,11 Wtmck PES241
~|)IR2.21 Wtrack 10 Thus, both PEST and PES2 are linear with respect

noi%}%E%[(f);_h%iar’ A%Eei,ﬁég E\/?t Osgg)cg},edr@l) e @é}g\clfgﬁ e%c OOF gh-e r%\%%’(sg Isources,

the estimation error, efined as

the€m&kh | a2y IfgrRetiraie:- Offusis ke COREINRANIRA Of En@ P8R and variance of
represented as e=cle;+c2e;, where ci >=0 (i=1,2) 15andcl+c2=1.1t

Aeghoulbeeletedeaiiiedd thedggls eestinaiemkitonkasedthadhaipaltigiethods.
of the data provided by the track having a frequency of wl and e2 is the

Usi@ﬁmdgh@ﬂowﬁés@l@@mm@m@e@t)mbmm@r@mébmmhmokoise ratio
is 2%3#?&1& ﬁ?&“gf]%rgf OI%'aI%e Sﬁg' egtéosns_ %f i&?ﬂﬁ%”be W%rtlr(lerical
well for nJJ 0 0|’eal S B

ise-free systems. owever, ystems incltide noisé from
simstlatioraiskaseuites aayifiyyeidsesveompike ahd elealiicll| ok £leckadicRariance,
noise. In model 300, estimation error AE; = e -~El, (i=1, 2) is a random
Vandrehle ahdhe estimedismairboth Eheremidts 56 1hesel siamidtions24¢ shown in

noise, e(t), a,ndﬂ'itter, At, 1. To determine the effect of each of the noise
grap Eorm in FIGs. 5A-5C. FIG. 5A shows the mean E| A¢, | of Ag, and FIG.

5C shows the mean E | Ag, | of Ag,. FIG 5B shows the Var | A¢, |, of Ag,. The
results in FIGS 5A-5C indicate that a non-zero bias of position estimation exists.
As discussed above, the system is known to have electronics noise and
jitter as noise inputs. The nature of the interference from this noise needs to be
determined before any compensation can be accomplished. That is, the source of
the non-zero bias of position estimation needs to be determined. The electronics
noise can be eliminated in the model 300 by setting the signal to noise ratio, SNR
= oo dB, thereby showing the effect of servo jitter on the non-zero bias. FIGs. 6A-

6B show the position estimation error for PES: and PES; with and without the

effects of electronics noise. From these results, it can be seen that when ﬂ_ >0.2,

track

the difference in the mean of the estimation bias E| A¢, | between when SNR =

20dB and when SNR = «dB is negligible. Further, when ﬂ <0.8, the difference

track

in E| Ag, | between when SNR = 20 dB and when SNR = o dB is negligible. Thus,

the non-zero bias of position estimation mean, E| A¢, | is dominated by jitter of
servo marks for the given ranges (E| Ag, | within | € [0.2,1]Wia« and E| Ag, |
within |¢] € [0, 0.8]Wiack. Therefore, the jitter of servo marks is shown to be the

dominant source of position estimation error in the illustrative aspect. Further, as

can be seen in FIGs. 6A-6B, the non-zero bias can be as high as 1%. Although the
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the mean and variance of AE, must be determined. The mean and
so.aigeRe Rk, As; can be determined through numeric simulations or

theoretical methods. Using model 300, with electronics noise e(t) chosen

so that the signal to noise ratio 5 is 20dB and jitter of servo marks chosen

as g e {0, 0.02W, ..., 0.10W}, numerital simulations have been employed

to compute the mean, E | As; 1, and variance, Var | As; 1, of the

|matl he results e_si Hons,a in graphic

R o R R o R R R e e By, ehe
accBsluios the biesaan 1ds? tohiikpobittobhghofvhtheviias hesdaté&Eso that

The 10 results.in FIGS 5A:-5C indicate that a non-zero pjas of position
sery AR S, PRARELLER PREVE! the LY ASRHGT thheeesult, the
rewaigipopiCsePRISEANE: HBalRdanisR KPS Fhe mawé&lséctt&ii?&ﬁfﬁ&nﬂ%t the

from this noise needs to be_determined before any compensation can be
eragingsiRpHBE. sHistmR coid d ratenbnlis aenwerkiBis ﬁ\p@sﬁh@ mon-zero bias

of FRIMAAANAREASALRE A BUe RIS EIPR QDG AP BN HRBRDR of jitter of

eliminated in the model 300 by setting the signal to noise ratio, SNR
servdBnthgkebit showldgpthemtiastadddhat fitlerramike smrasrobipsa&sGthe non-

zergA" 6B fhow.ﬁhe position estimation error for PEST and PES2 with and f th
vRERSUE R AR S BRI AL Sy BIIRP thd k5 MR SOTBEN $ARSBRS the

parthailwhenitef solre Wah the sideraphicHadhesigasiafithe RelimR{iars kidgsthose
E | As, | between when SNR = 20 20dB and when SNR = oodB is

desrRBREIBRIOPLMIR TGRATIED R, AhaaHRPRARES- W, nck in E 1 Ae2 |
1. beteggnpuhenish B eI 8R AtoWhrRIMNRs= oc dB is negligible. Thus,

the non-zero bias of position estimation mean, E Ae; is dominated by jitter
of hepasatienfestimeayivancamfescErproshteithrylsiubfigetitiy\veckon-zero
._apd E |,As2 |. withi é)el e E%‘O. track. Therefore, the jitter of servo
bia o A P YR RP Lot SR SSen . then
the RJhE dlabiativaaerectifreRtagr, as can be seen in FIGs. 6A-6B, the

non-zero bias can be as high as 1%. Although the 501.12-11451STL
13247 -12- Elag = £(e):
E[A¢,] is charted against transducer displacement as a percentage of the track
width FIG. 6A. A compensated displacement, £, can be written as
£=4-f(e),
which can provide a straight forward compensation. However, the actual

transducer displacement, €, is unknown. Instead, the actual track transducer

displacement € can be replaced with an estimate of the displacement, &, where:

& =8-fl(2)
The estimation for track transducer displacement & can be used because f(¢) is a
continuous function with respect to € as is shown in FIGs. 5A-5C. Therefore, f,(¢)
is close to £,(£), the estimated non-zero bias. Further, the relationship between
f,(€) and SNR in the illustrative aspects has been shown to be very weak as the

difference in the transducer displacement is negligible when SNR = 20 dB as when

the SNR = o dB. Thus, simulations for f,(¢) can be done at a single SNR level,



10

15

20

25

non-zero bias is not large, it may be accumulated over time. Eventually,
s NBAG¢Ymylation of bias can lead to mispositioning of the write

transducer so that servo marks could be rewritten back at a shifted

position. As a result, the rewriting of servo marks could deviate so far

from the expected position that the 5Erasing-rewriting system could

potentially stop working. Thus, the non-zero bias of position estimation
anéﬁﬁ’élWa?&f&%%%&%&%ﬁﬁ%‘ﬂ&é&%@ﬁr?fsf&?}ﬁﬁ@%?ra?F e%}ﬁﬁé%ﬂé&‘%-zero

It should be understood that other noise sources may cause the non- zero
biadigd &) pusition BSRn Fiorthenthiecey fiémds Tonsirthewsy tipemsatiearofbias for

the particular nojse saurce can be accomplished using similar techniques

any£ AR Qs RrerReattisemiiRith ik et dhrtdraeless prskigusly collected.
Th&RRERRRAIGAOf 5*?%9%%8&1?&%8&4@%&%@% ggsg'on—e imagign can be

compensated by subtracting the non-zero bias from the estimated

posities. dffibRREN- €T eHei Ao RAIKIRTHE thathl(®) dBRPIDES RPRVENRas been
bias can be written as 15 E[De,|= f(e). EiAe,] is charted against transducer

sinypkpdetichthe sepdiectia g orindir esnidtn/Bic Féa. 24 shpwissthednean
estithSRIBRERISHE: FrokRPRE, WAHIGD %r%a'tfoﬁe)aﬂ@iﬁf@a??%%%sathe mean

straight forward compensation. However, the actual 20 transducer

estislisplanesnent, feois UPEBOWMeinsieaseibaReialsaakdraastbiBlA e, |, E|As, | is
displacement e can be replaced with an estimate of the displacement, e,

decigqsesl by-at JerstonpecatiraRinraeniiddsarzianderlyisplatahinsigaificantly

be used because f..(e)is a coptinuous function.with respect to e as.is .
ool IV AL e ar i P B T € A bR Ty A g o s
increaBezEafteiasnpeiaitithe it inashigehshegtizible) and SNR in the
illustrative aspects has been shown to be very weak as the difference in
the &ﬁé&?&@&’&%&%ﬁ@ﬂﬂ?ﬁ%ﬁ@?&@&vﬁ@ﬁléﬂm esmaioxs HeLR Fe two

esﬁ%’éﬁo@%ﬁ%‘_ ,Q%Eg;%“%}iz%sni%ﬁh%elﬁé" RApoeecsl‘. IS Toas Iansqlfesscll\'ll%ed below,
a better estimate of € can be achieved. The basic algorithm, described above, is as

follows:

~
~

E=ct +c,é,
If é‘l <02Whaek, thenci=0and o =1. If §2 2 0.8Whack, thenci1 =1 and ¢ = 0. §1 b

0.2Wh~ack and 6:'2 < 0.8Wtrack/ then

G +c¢ =1
c IVar g |.
c, VVar E

2. Robustness of the Method for Compensation of the Jitter of Servo Marks

The compensation factor, f(e ) i = 1,2,described above, has been studied

to determine its robustness against electronics noise and the uncertainty of the
jitter of servo marks, particularly as it relates to track incoherence.

Electronics noise e(t) is characterized by zero mean and the single sided
power spectral density of No = 10-SNR/10, [t is difficult to know SNR precisely, so it

is useful to have a compensation function or non-zero bias function f,(g),i =12



10

15

20

25

-13- and the data points collected can be used as an estimate for an
soLostinaied,pon-zero bias fi (e,) at any SNR. Further, since f, (e) is
continuous, the non-zero bias for any e can be interpolated from the data
points that have been previously collected. The estimation error after
compensation is defined as Asl = e <14e | . 5 The efficiency of the
compensation method described above has been simulated, and the
nEl Y/ . Kl estimati
e S A D oS o PR A L 2 0 s, the
E| Astimatien ésrorfion BiEGRaftevitemaiRatio20dBmpdredHenENR | = «odB is
E[AsJ is _decreased by at least one order of magnitude. Similarly, E[De2 ]
negligiplsirichhexeiereich éiééd%tmbﬁe.a]wﬁé%ﬂwhohgﬁdﬁétmja‘ﬁb@n e <
the gstimation e is jinar fter com tio t increase |
O T R TR e Corees Bet o e S e SR =
dB ¥adpRgRAEMAtRRsefE, B{ AR SebBit SPRMININGCIBNINA, Soteatinng @Ssation
described below, a better estimate of e can be achieved. The basic
algettgbrithdescrbedrhpue dv)is agbustfollows: e=c,E,+c2 2 If e, <_
0.2Wtrack, then ci = Ot%nd 2 —f%élf 92 7z O.S%/tVtrack then,ci=1 and c2 = k
. O BARrAek anagss £ eo%};racﬁ}l%%cﬁl HEET @ Rl 22 0 5gTyQ gnarks
shoRebaistivese ththesplethidHIG Ganpendasoatdbze titteral Seitvg phasks. Due
he compensation factor, f(e ), i =.1,2, described above, has been studied
to ’;E}edé‘fé‘?ﬁﬁ}ﬂléj}é%%‘&%tﬁé%ge& 9t BischEHRAMoNE hdransdesiatheye two

rew?{tiRg PHSIRMBE5 ALYk RATCUR 88 X 'SlRIRR IhiAeK B CRBERNS S nown

Electronics noise e(t) is characterized by zero mean and the single sided

as Q‘@%\m@meﬁwdeﬁgnyl@fiwher@@qmm@i@&mt;mhm RAGAABHR of the
readbREIScli 1 8 15°1UhiD PRYSEGATRT RS IORER " HRRIER the

ction
performance of the position estimation. In one illustrative aspect, the problem of

track incoherence is avoided by cutting off the edges of the readback signal.
Portions of the readback signal in the transducer and tail areas of the signal can be
discarded such that the length of the portion discarded at the transducer Ay and
the tail Ar (as shown in FIG. 8) are both greater than the track incoherence, A. One
additional feature with respect to Au and Ar is that the length of the effective
signal area are multiples of the periods of servo patterns as is also shown in FIG.
8.

FIGs. 9A-9B illustrate the results of simulations used to verify the

robustness of f,(¢) against track incoherence A. FIG. 9A shows the results of a
simulation of f,(e)when A = 0 and A = 0.5T, and FIG. 9B shows the results of a
simulation of f(¢) when A =0and A = 0.5T. The f(¢) function is robust to track
incoherence. There are some minor differences in £(€) from when A =0 to A =

0.5T, but the differences are negligible. Thus, the compensation methods of the
illustrative aspects are robust to track incoherence.
The compensation system above can be implemented in a device such as a

probe storage system, in one illustrative aspect, by creating a table of data that
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501.12-1145/STL 13247 -14- that is robust, with respect to SNR. As
so9essdhed,gbove, when E > 0.2Wtrack, the E | Ae, 1, thatis, f (e),
between when SNR = 20dB and when SNR = ccdB is negligible.
Therefore f, (e) is robust when v > 0.2Wfrack. In addition, when E <
0.8Witrack, the difference in E | Ac2 t15etween when SNR = 20dB and
when SNR = 00 5 dB is negligible. Therefore f, (e) is robust when E <

prod BRI TR S ARSI eSS TR POUP IR MR UL such

In probe storage, the dual frequency pattern, cap an 2, of servo marks

as iBheMe RBAYEURED rREpechifd rcltrpauites BhiearbkinQI rewsile to write a
passes. Due to the non-synchronous property of the ordinary write

serymRagiicon s atarreeonedimglpassceskig s iobr btivesHir of Bhen the
shown in Fl , which is knagwn as frack incoherence, Track incoherence

noroBN B0t 1 AeABEIRS B TR T A BABCORAL MOsom ErBaHeR Ayih no
. atghe }% es, which can dfe rade the performance of the position 4 A

biag bl SR RN Gt Al D BB E SHBAUT L BRI BierBn a8 s 4:are

con?aflﬂé’&daQVd%é'éPi‘QeﬁfféBSx?éjQSS ]:)%Jee?'ﬂp aﬁka?%iti‘tﬁ‘lpggﬂﬂ%y fnthc%at is

readback signal in the transducer and tail areas o signal can
robd#dardetseuch that the length of the portion discarded at the transducer

AH_and .the tail AT (as shown in F|G.,8) are both greater than the track

e B R RGO REIELE o AR TeBPRFI D REFIRPHY fefantages
FortBealengd) @hthecallos)ibesinaltpinsdhresmidliplep ohshracpask fiea/Better

patterns as is also shown in FIG. 20 8. FIGs. 9A-9B illustrate the results

estigiatprRidhsio tendeth delanirstenbameat il s dgianstiigeled to the jitter
noidBCONRreRRA LT | heIRpuRsthedeauits &f eimlatin gl k) g@}@(e ;%racks,

=0 and A =0.5T, and FIG. 9B shows the results of a simulation of f2(E
thexghgn reewgiagd Ahe 0B TURNd BN fupttiooiszetsusbiastracklas addition, the

con RIS S SR A AL SRR AT o
circniathdds af thmsitlustinisisispanis deekabuIhie laclksinoatieedfielnt and cost
effective implementation.

It is to be understood that even though numerous characteristics and
advantages of the various aspects have been set forth in the foregoing description,
together with details of the structure and function of various aspects, this
disclosure is illustrative only, and changes may be made in detail, especially in
matters of structure and arrangement of parts within the principles of the present
aspects to the full extent indicated by the broad general meaning of the terms in
which the appended claims are expressed. For example, the particular elements
may vary depending on the particular application for the data storage system
while maintaining substantially the same functionality without departing from
the scope and spirit of the present aspects. In addition, although the aspects
described herein are directed to compensating the position of data transducers in
a data storage system for the noise of servo jitter, it will be appreciated by those
skilled in the art that the teachings of the present aspects can be applied to other

systems that utilize transducer positioning. In addition, the teachings can be



The compensation system above can be implemented in a device such as

sor.B1RERRE SiPrage system, in one illustrative aspect, by creating a table of
data that S01.12-1145/STL 13247 -15- provides estimations f,.() of the
non-zero bias of position of the servo marks such as in the transducer
positioning circuitry 110. The desiredfosition to write a servo mark on the
storage medium 102 is estimated to be e,, i = 1,2. Then the non-zero bias

Q] 0. " imation wit s

D e A T o T AR R R 8 iou

depeotimhintrdmstbe scrpedad opertogirddvupecten fiaspgusition estimation that
is robust to noise. The illustrative aspects described above provide
numerous advantages. For example, data read by the data transducer is
compensated, providing a better 10 estimate of the intended data written
than that of the data subjected to the jitter noise. In addition, the
compensated data is rewritten onto the servo tracks, thereby reducing the
accumulation of non-zero bias. In addition, the compensation can be
accomplished with little or no added complexity to control circuitry for a
transducer positioning device. This leads to an efficient and cost 15
effective implementation. It is to be understood that even though
numerous characteristics and advantages of the various aspects have
been set forth in the foregoing description, together with details of the
structure and function of various aspects, this disclosure is illustrative
only, and changes may be made in detail, especially in 20 matters of
structure and arrangement of parts within the principles of the present
aspects to the full extent indicated by the broad general meaning of the
terms in which the appended claims are expressed. For example, the
particular elements may vary depending on the particular application for
the data storage system while maintaining substantially the same
functionality without departing from 25 the scope and spirit of the present
aspects. In addition, although the aspects



described herein are directed to compensating the position of data
soLJaNsSgHCEss in a data storage system for the noise of servo jitter, it will be
appreciated by those skilled in the art that the teachings of the present
aspects can be applied to other systems that utilize transducer
positioning. In addition, the teachingsléan be S01.12-1145/STL 13247
-16- applied to compensating for noise sources other than that jitter of
Wﬁgqf@gdﬂmlge@@rting from the scope and spirit of the present
T aspects. bUL.12-T1451STL 13247 -17- WHAT IS CLAIMED IS: 1. A
method, comprising: reading data from a data storage medium, wherein
1. the At@,peqﬁ(ggggg}gﬁ?gi ta causes the data to be erased from the
medium; determining a désired position to rewrite the data onto the data

storggdingedaimiTpriadaga ctonpgeimoedivasitivhenetn Higridépatadasting the

the read dgta ; and nsating the pasition error signal for non-zero
bias; and ?é%ri%%sﬁ%ce{%?aa ?)an%(o) eeelé%l)% s%g?%é %gdglgﬁ%l a
nondgyehioinggia desitedrpdsitiba toatbwdl af theidalawheoainddaateaige
reading data comprises reading data related to a servo mark. 3. The
method of T ?‘Wﬁ'&iﬂ 1% step of reading data related to a servo

mark comppgsURASIHIBBAHHARRILEL A Al biate sthared aha fr

frequency and receiving a data pattern from a second track stored at a
second freQIBREEAINEhmRBsHESf LIEMSIERAkIel BT 2tEp kifts; and

comeuﬂﬂ%tgw&mgw&ghéi&y@ 59 %Sr%se&gfﬁ?&ﬁiﬁ%ﬁl? 95890 s
error S|gnal omponentan computlng secon posmon erro S|gna
componertnanner.

2. The method of claim 1 wherein the step of reading data comprises reading

data related to a servo mark.

3. The method of claim 2 wherein the step of reading data related to a servo
mark comprises receiving a datapattern from a first track stored at a first
frequency and receiving a data pattern from a second track stored at a second

frequency.

4. The method of claim 3 wherein the step of computing the position error
signal comprises computing a first position error signal component and

computing a second position error signal component.

5. The method of claim 3 wherein the step of reading the data includes
reading data with a data communication transducer in communication with the
data storage medium and further comprising estimating a displacement of the

data communication transducer relative to the first track and the second track.

6. The method of claim 1 wherein the step of compensating the position error

signal comprises accessing previously stored compensation data.



5. The method of claim 3 wherein the step of reading the data includes
sors£asing data with a data communication transducer in communication with
the data storage medium and further comprising estimating a
displacement of the data communication transducer relative to the first
track and the second track. 6. The mééod of claim 1 wherein the step of
compensating the position error signal comprises accessing previously

7. SR CRARRERION 4818 QA ALBIR T 58811 THE IR eccor

of claim 6 wherein the step of compensatihg the position error s
sigiiatthertheronspsisemsminojrg poersiy sthr stbcedhpamngatica tiatedaithvitith the
Osgygggiopre;rgr si%nal. 8. The method of claim 7, wherein the step of
P comp%ngatinéq é position error signal includes summing previously
stored compensation data with the first position error signal component

8. 2ncHb0e,3ConA NN AU SIAIASOORANERLI SOMNRISE N, crror
first and second position €rror signal components. 9. The o6& ot I
sigdahimeteidetheusteninfqurepiensiyisgoiee posijpensttion slgtahdthgiisisst
compensating the signal for the effects of servo jitter. 10. A methaod,
POS&BR{EFE%H@.S 3 ﬁ?é%?aﬁﬁ% B g&?éﬁ&%@@%ﬁ%@féﬂx 8 dhta
confPaREas t6RDIAPRANST eRAIA P RRITIISIRE 1 h38eBPIiBASK AR onents.
wherein the step of reading the data causes the data to be erased from

the medium; and rewriting the data onto the data storage medium,
9. inclitingneteserofialagadedicadinabidietefoof ttariaiasatitetfiespsalonerror
. computing a position error signal based on the data signal received from
Sl%ﬁb“@&?&ﬁﬁ%ﬁ@ﬂ?&&ﬁﬁﬂ%ﬁ‘@oﬁ%é&ﬁ fBe ﬂ’féeﬁ’b%‘i’%?cﬁ‘i’ré’r?di%nal for

non-zero bias; writing data onto the first track; and determining a desired
10. POSKONSHEEE A3k QM e second track.
rreading data from a data storage medium , wherein the data includes
servo marks located on a first track and a second track, and wherein
the step of reading the data causes the data to be erased from the
medium; and
rewriting the data onto the data storage medium , including;:
determining a desired position to write data on the first track by
computing a position error signal based on the data signal
received from the data storage medium and compensating
the position error signal for non-zero bias;

writing data onto the first track; and

determining a desired position to write data on the second track.

11.  The method of claim 10 further comprising determining a displacement of

the data communication transducer relative to the data storage medium.

12.  The method of claim 10 wherein the step of reading the data includes

receiving data signals from a first data track and a second data and wherein the




11. The method of claim 10 further comprising determining a displacement
sor2fibefafa,communication transducer relative to the data storage
medium. 12. The method of claim 10 wherein the step of reading the data
includes receiving data signals from a first data track and a second data
and wherein the 501.12-1145/STL 13247 -19- data signal from the first
data track is provided at a first frequency and the data signal from the

dat3% Ro gAlA TR PERYICRA AL R ?89[%&{%%%& gl gcyﬁ e dsfdata

claim 10 wherein the step of comp tmg e position erro Si
sigmainfimrtinh e secipd siatnteacrisipnay ichrd o resecand freguendy position
error signal component. 14. The method of claim 13 wherein the step of
mpensating the error signal includes summing a first compensation

13. fact homethediet gabmdR srhsreigihe gom e sempLsinenheneesddoof error
sigfil Rt S0 et e §%pfﬂ£9§wﬁaﬁwgrt?§§£ior AR socond

accessing a pr lously stored ompensatlon ction. 16, An apparatus,
postoorpesionsigrddi@aip@ymmedium; a data communlcatlon transducer
configured to receive data from the data storage medium, wherein the
data is erased after it is read and wherein the data communication
14. tranBdeceetbasbafiglaied 18 reheheinibeersiey odieobaprineatinghthdatror signal

{qrage medlum 1B a.non- s nch ONOLS manner; on Z
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congpar@nmication transducer to determine a desired position to rewrite the
previously read data back onto the data storage medium. 17. The
apparatus of claim 16 wherein the data communication transducer is

15. confibarae thodrité deivolth arkereintheesstep gé coenjpemsating the error signal

includes accessing a previously stored compensation function.

16.  An apparatus, comprising:

a data storage medium;

a data communication transducer configured to receive data from the data
storage medium, wherein the data is erased after it is read and
wherein the data communication transducer is configured to rewrite
the read data back onto the data storage medium in a non-
synchronous manner; and

a non zero bias compensator configured to compensate data received by
the data communication transducer to determine a desired position
to rewrite the previously read data back onto the data storage

medium.

17.  The apparatus of claim 16 wherein the data communication transducer is

configured to write servo marks on the storage medium.

18.  The apparatus of claim 16 wherein the storage medium comprises a

plurality of tracks and wherein the data communication transducer is configured



18. The apparatus of claim 16 wherein the storage medium comprises a

sorRIHkality of fracks and wherein the data communication transducer is
configured SO1.12-1145/STL 13247 -20- to write servo marks on a first
track at a first frequency and a second track at a second frequency. 19.
The apparatus of claim 16 wherein th&storage medium comprises a
plurality of tracks, wherein the data communication transducer is

to WARUGUIGE IRMKUBREMAMALR QP AV HaHARS Are IRk A at o
wherein the data marks on the second track-are written out of phase trom

sectinel feequenayks on the first track. 20. The apparatus of claim 18 wherein
the data communication transducer is configured to simultaneously read

data from the first track and the second track.
19.  The apparatus of claim 16 wherein the storage medium comprises a

plurality of tracks, wherein the data communication transducer is configured to
write servo marks on a first track and a second track and wherein the data marks
on the second track are written out of phase from the servo marks on the first

track.

20.  The apparatus of claim 18 wherein the data communication transducer is

configured to simultaneously read data from the first track and the second track.





