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-1- COVPENSATI NG THE EFFECTS OF NON- SYNCHRONOUS

VRI TI NG OF ERASABLE SERVO MARKS FI ELD OF THE

DI SCLOSURE 5 The present disclosure relates generally
to data storage nedia, and nore particularly but not
by limtation to comuni catr1frg with the data storage
nmedia where information is erased after being

C@i‘?gﬁﬁéﬁﬁ\‘w&ﬁ 13 NN IREITERIVGT s fifiNG oF
10 One wel | - known ERARABLERERVO MABKSsystemis a

di sk drive, which reads and wites infornmation al ong
concentric tracks and wite
operat| ons are {m%ﬁﬁd@mQ&Tﬂnsducer whi ch

d
par? r ac gL{;‘Tgar%lgf‘t%[< %e%?d §L1y§t§, %ae %%946%%3{[1?9%0 Sagd more
paﬁﬁ’ﬁﬁﬁﬁﬁguﬁ 21314 B?Iflhﬁ t880R Mo BAiikating 891%h tREPRLISGrage media

fields are utilized by a servo subsyStemto position a
wherainddrmatios isodrased dffer Iseidg arcdsgedhead over a
particular track. In a_disk drive, the servo subsystem

i ncl udes a control | er BAKHKGROUWNDached to t he

aﬂ]acgag%e(m t‘gs)?s t raljgftﬂ:ff?{a %%tg\%l} B OSI %gg@éhad%/stor%ge media.
Oné Fé?él oft YRG s@érag@mﬁfst%ﬁ% gg%g@aeﬁﬁgnwmk%w A3 writes

aproest rage system rea wites

inforifagicnedor@n corfbigic Ntcks Bbenddr ansdidleer Reddahd ve@® operations are
stored data from stora%ab 20 material. Li ke g netic

permrgkéd opgh a ipansducest ds tipidalp samied % o locate a

1c:)@ate gat aéﬁéﬁéglgd{glggggg d| um bggqls&rre |Er§f§5anctg?dlsk These

emma bt 538 of GRPRORE R %gi’é?sﬁlﬁ% s 25\ RpEce Hepsducgy such a0

readi titeChédd dvee aﬁ%ﬁ’&l@lﬁfd‘éﬁ s QAHiSKOAHE Thd Setvd BEbsystem includes a
position of the data The wite process is execut ed by

contrioflerothdt maatjached te the trasdiucar toi consroh its -spatiat hpositioni by moving it
met hod. For exanple, 25 nultiple tracks of servo marks
atid@gmﬂﬂrmt@ﬁsm%err@@@ﬁl(’&ﬁ%) they are witten

on SO KRt i bR e R KER R REYE sltade Sfbem, which
reaﬂ§éﬁ’{d Whigd nﬁ@ﬁhatﬁ%ﬁﬁmgﬁnﬁhgleﬂ?ar@a@&g %Q\t %&a's%dr&{‘ data from storage

Exanpl es of the type of factors that may influence
matehial. pidke tragnetivodisk dtibes, patbe staragesdivives usdwnyabrtagapbilogte data
to wite data onto the
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 specific 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.

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.
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medi um i ncl ude el ectrical or electronics noise and
jitter noise. 30 Thus, there is a need for systens and
nmet hods for interfacing with a data storage nmediumto
conpensate for the effects Si non- synchronous writing.
-2- SUWARY Aspects of the present disclosure relate
to conpensating the effects of non- synchronous

witing of data onto dat r systens. I n one

particul ar aspect, a W@Wﬁigyprovi ded. The nethod

| nChysless bead Pese distlogimedretitt 3o SHRTRAGatng B ffects of non-
The step of reading the data causes the data to be

syrehesresisfwoitinghet date dhtowlatéiseoragt Bostefrise ﬂheinegmrtidtdles aspect, a
determining a desired position rewite the ata onto

methas dapaosidsdagdheemethnd indides ngadivgpdatanfom a data storage
positi error .signal .based on the,re ata and
meB oLt SH Ohd o0 1naate Guser gha) Gats torfar E5eq from the
. . . r .
meflhftf: ThemEKR At Il AKE LSl §0GPLBRbATEHRte the
datasiift6ithe Jlat@bhRdgd sndliom, dedutingt comphutigiesa pesdionderror signal
data froma data storage medium The data includes
basgdrarp thrardesl Hamatmdl compensating the pokitimmderrar sigmeh fior non-zero
. track, and the step of reading the data causes_the .
biagiay ih? od8@ G Ba@ TEPGHICT, R Gree LFIRIaTAOTAES HBALKR W@ non-

[ S I jting the data onto the data 15 storage
Synﬁeﬁgdél’%b%%r?ﬁg%n%t hod determi nes a desired position to

W i fnearttsthar 8§pdchen nidihéd id gﬁﬁ}id@d tRANRERIARS read®RP dat@From a
error signal based on the data signal received rom

datts¢ordge ansdianag&haelditalincundiescserpe msards gcatée opos fitstarack and
error signal for non-zero hias. The data is then

¢

a segongk tsacko ang thasten pkreading the dpi@ Greserodheatlafa to be erased from
det ' des] i t.i ite d th

the ety r d. Tognod Bl ipfiele? Aehuiing ThE Hilnopite fhe data

stoPdpRUhe&fim T gq'lggrtﬁ)@ﬂ{cﬁf HStel REhdLdLIedred gbﬁti%h%axgﬁte da’g on the

Ium an a communi cation transducer configure

first GrackR 81 s@npdeh@ of pesntibhertiatsigrd] Pased ofiettheldata bighal received
data is erased after it is read. The data .
frogotheudptrasicsnge meridot endi eproperidagimgethet posibign ersor Rignal for
data sto

norGRE, fiRehr OGS HR AR W AT ORth RSl Back. ‘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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25 conpensator is also provided. The non-zero bias
conpensator is configured to conpensate data received
by the data communication transducer to determ ne a
desired position to rewite the previously read data
back onto the data storage -#edium -3- These and

ot her features and benefits that may characterize

asp

ts of the present disclosure will be apparent
upoﬁﬁﬁ%@% @ft]h%{efaa}r%ﬁmdvea@ 1t thed majeshanagtertzs aspgcts of the
e f e | a i . S .
prigfl S Bas S RECS bR, oY BESTRIGT cetated
deSHPtRIA ARV t&Hew STItRE a8 IR aréxk}ﬁiagsl s scanned by an
array of data probe tips or transducers. FIG 2 is a

schemati ¢ r eBREEEDESARIFTOIONOFEMAE QRAWINGSr n  of
rrultiégnlg ,ltracks of data witten onto a data storage
1 Bfl

nmedF lusatest & data siepags ysystam dravipg @ storage media that is

3A i,l.lustrates  the effects of, jitfer on the witing of
scagnel] byh e oftRg O dhin P IOt 6 3B

i1 pggratigs, ts@l?erﬁgtflg ‘i&gll‘(e%nﬂa'tibh%f 9R &iecidd Ebﬁgrd{)fof multiple

data onto several tracks in the data storage medi um

trabk$of datswaittdroektodh Agtastorhgd sidddtunngf theditaestBtdgealystem of
systemused to 15 calculate the positioning of a data
Flrbbe transducer with respect to the data storage

nmedi I 5Ais a aphical illystratjon of data
ol Fite 4 iistzates iof sfeoh qfditheg AhEne WotiHlg o datasonjo the data
f a first position estimation error of a
stoggageaﬁg;ﬂg\gg. transducer plotted agai nst the actual

di sSpI@CSBENsteAtel iRe RERPB dff AGdUR Ghe WhtiTEGf &Balntd several
graphical illustration of the variance of The first

trapkssirt therdate starage imediemr or data col |l ected and
illustrated in FIG 5A FIG 5Cis a graphical
i |1 6y 4t isoa Blockadiagean dhustating a Qvashamaatic) sistery used to

caltglglt%it%gﬁg ﬁ%osgcﬁ&gpg o(? gt g?etsgggo lrafs $8&2 n%it?lO%stpiegtn 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 displacenent of

the probe transducer. 25 FIG 6A is a graphical

illustration of the effect of non-zero bias on the

estimation error froma first position estimation

signal. FIG6B is a graphica#-illustration of the

effect of non-zero bias on the estimation error from

a second position estimation signal. FIG 7Ais a

gr apHicdB is pIgrephisal dHrssrationeokthe estimafionr efier fremnthe second

the fi gist " 30 .gosli t'* on esti rratgi on signal after
poﬁlgf?ﬂeq’? qateR stele aéeécox}@einga O@r aphical illustration

of [ [ r . his

oot G § b e RAR dr b MLRAUAERRRE, RSRHcARe on a storage
meglitierati ¢ diagramillustrating track i ncoherence on a

storage nmedium 5 FIG 9A is a graphical illustration

of FHe. Yhfisetgraphical dsistrationdrtbaeéiects afteackeisicphertence on the

errqor fromthe first position estimtio ignal after
estupAPen SEHOr éFP.me{‘%flr @qusén%i“ %%tﬁ’aﬁ‘il%%ﬁlgﬁﬁr %f:t? CAMBERgIon.

{ N ERET 61515, O a b 6KLGINGH ENRe Bhrebs 3K MBbRGAnce on the

error from ¢ econd posrtion estimation sigha arter
estG@HBEA $Aldr From tRESQIIREDD ddrRSbEIheNbA Qighal hitbHedhpbRshtion.

in FIG 1, system 100 includes a data storage nedi um

102 and a transdudTAIEY DESCRIATEON eferred to as a

probe array) that_conmunicates . data to&d receives .

dat &sfillgstratachins flfradesyratemuiO brludes a date sigyesaansdinm 102

and ¥ Rirap By A TelReFi Lo T bt iR copgpunicates
daf P&nd rBSive dAQaeéhT &Xtaoitofd'%@%?aﬁﬁ'ﬁ 3020 &torage medium
represented by 15 TIP (1,1), P(N1), TIP (1, N,

caretbe. matde d¢fl & fefroeloyicematéfali 6r atled sigtabi¢e efatefialks Individual
probe stor a(ge system In system 100, the transducer
tragk teapsduygrs; (91 puppe tipsh obyhexarrey rif| teansdwgerso)4 argrrepresented by

YRR (R R S SIPROSTE SRl AKER 488 e o 0
Prod SRR AR, 0B ong e bl Sy DR ShEbPricd by 2
sinp®s hith A05fort dd@anmigfle! RS peRharg! dodpdilehtwiof E%fét@ﬁpli@ﬂ include a

to the data storage nedium 102" Controller 1
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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coordi nates and controls the operation of read/wite
circuitry 108, transducer positioning circuitry 110,
and actuators 114 in addition to comuni cating
information with a host system 116. Host system 116
can include a micro- processdr-based data processing
system such as a personal conputer, a hand-held 25
mEglgvice or, ot her system capabl e of perform ng

wmeliReangt trapgdiucer agayy 1 aRd can RPSERtRAT anepr bath ofjthe data
| i f 116
sobit RELRARRIRELL oL, [SREINRS Lhgrdiost system 11

Ci I bk 2bPBBCERD SRBMN&IY aftAl B2 (288 obddigRS T §panned by

array 104 into a formsuitable for conmunication to
tiphosong Hp scahetingtvoicish 12%) beat inghude bdeh pebitionvieformation (servo
scanni ng notion between data storage -5- nedium 102

magke) anhrsaudate (ataynas). imaddaionpdedicatedproke tips that only
reagh A ATkt o) mkS (Pibckises depbats e Aoifhang dedicated
dafl 5fs ik ) Eordlw RO AL RA0ARENEKediREd P BGttors) can

be iutedr MBeivaN ahd@ by at® mBflsSarednel stiRe @8és) drdéddh on read-back,
marks). I n addition, dedicated probe tips that only

therelyd respdriog thet the raanks berremk #tqrpaftenleding rerstli cat ed
ser sectors) and dedicated data, ti that on]y
; eaftar £ Shoire’ ﬁa%cgéﬁrda‘cor&aewatm B i3t sk 200, a second
tra§1§%b9,r $Ad Phird %ragﬁefbél é&%}v gncﬁgagt/earl?f %%cmkﬁ.ﬁask 1D"2, and
sone cases, erased on read-back, thereby requiring

Trddka@D 8hfesPBétiselProff @%iéﬁéﬂféd%tt% fBfoBkcfriddatalfofalo@ medium

2 illustrates a 'schemati c representation of a first
10Z.r dokorROBspaxt,steodata onabk t2dcks 2000 2821 hnd R204r axckse@®4 marks,

. (also indicated by Track ID 1, Track ID 2, and Track
indigatiye ofagsiiien obdgtn ot thedata staspgemadiumnlo2 (FIG. 1).

fergoel ectyig.data, storage nedi,um 102. In one aspect...

e gt 226k T0ETPrRld’ 8505t g ey f, BUGeRIG Shting o
logi®@il K&one™ Bils C8d URdOT 741081 §>it9r2(f8f, G2 LAY {gh?irgtath%ck 200 are

storage nedium 102 (FIG 1). 15 First track 200
illuskdatistlyatveitteinirexe apte iatirpaldetdal ovle HEtpeeotbibseqiente hgving a
_of logical "one" bits 206 and "zero" bits 208. The )
firghi frequencyi pst Pimaidarlposecand track 29Rr ist sShawy witht araltesnating

oo S5 382 580 100 R e AN ppcond
fre§féndy’ o5 WIS Brh i HsP Mdgli8ncy @i, 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 wi. 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 witten at a second 20 frequency c) 2,
which differs fromfirst frequency on. As with the
first track 200 and the second track 202, a third
track 204 of servo marks is™witten with alternating
one bit 218 and zero bit 220. The third track 204 is

w1 ?ééﬂ ?%E rgéﬁélljv ogtyer{‘lgwok ts%:lﬁlg)t 3%?:%§u%%£rﬁ%é&?eﬁﬁuﬁgf ¥x£ﬂglédtthe data

erstood S second,

car@Pé viriitésl ohEaGifst, 38dnd2RAd MM &REkADE,| 2|d29§h532[ﬂdata§1e same

having alternating 25 patterns of a single one bit
fredwdricgndt lwyitla theé righe onethe deicond atddkr 268, ifeeleyamplelbeing out of

pattern witten on the first, second, and third tracks
phasgywithfthe datzen thedfist drack200d; Sitalsa pattesn ésknewaaasaa “phase

patfiy oUBdeBy Bofises PRV che o Tk gurg o cynpletely,
or 780 %g‘?ée%t ¢ 5th ﬁas@l HWhay gﬁbstfggtoﬂ‘aglgzg rg%tga@%g%ﬂ&kn as a “null

second, 30 an Ird tra are

pattérnt’t & additiad, oehétspatertls taebe Rghplopad VithRf departitd from the
and wz, other patterns of servo data can be enpl oyed.
scopeof xadistlosutche data can be witten onto first,

SRt 1 R ok g o e dta
i X h i tih . .
stolte FEARR 1 236R0Ch 81G B! PRk atadibilfet 2] iR Mk dfugpracive
aspRef, Hak RpprbinSAEE; {HeSIARE QA dtH S tHa! & Qithl Rl 860Et no more
track 2(5)5) can be conpletely, or 180 degrees, out of

thapraeeradk dart beewfrittest atta tinle, byaope titaek transdunerasTlaus; datd on the
attern.” In addition, other patterns can be enpl oyed

firsyj sepondl, anchird wepcks 8994 He, andd ase wridenir @) rgypEchronous
malff o4 AR ot Bt BT IE bl Bshien 26,
wrilfésc*"the]flrsf1 gk o0br %%ﬂufe}fe; trfg etrahgdﬁé?e? gtlpllrﬂé\%sattd ¥ E?cond track

aspect, has approxi nat sanme W as that o

posich 218 agll, weited fhat sedondurak 202arsiaiikirly, akk teeR thehsducer 210
witten at a time by one track transducer. Thus, data
moges tha thitd sack pestinn 2ahandhvritest thecthiroack 204, Baeguse the
e witten in a nonéﬁ{cz&hronous manner . For,

serxzsc)() a é’arfzhwgr ﬁegclﬁ’l 2 s | oBQS mr,t 13 E(?spg)(le to realize
sorhd FRHaBRY o8 8 o, AEENG; PRGNkt Lo ShETES ol e dot
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
tirst and second tracks 200 and 202. Thus, a portion of the track transducer 210 is
reading a signal having a frequency of w1 and a portion of the track transducer

210 is reading a signal having a frequency of @>.
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position 218 and wites the second track 202.
Simlarly, the track transducer 210 noves to a third
track position 220 and wites the third track 204.
Because the servo tracks are witten in a

non- synchronous manner, it S possible to realize
sone variation (left or right in FIG 2) with respect

to sihtion of ,the data.20.witten as. ¢ a t Q...
t nef <P AltbnBRieR] bk Sretf, B st OB An AP eigion to
writé %PHét%eﬂt.b%&Wedbﬁéé’iESH C?3beofe3( BESIELHaRYs BRbUA! relative to the
positions can be affected by a nunber of factors
actialcpositiog, 2321 ¢fho vépresentheilé @Brvesafark writtehiontojthé tdata storage
and el ectrical or electronics noise. Wen data is
meglggn Y020 nd hehlatenah offsetdgwepn zhe anap positione232 and the expected

ol RS SaR 30 BSBE s 5o B s s
At 1%359%!1% tljl th dGea Bit athAt irSQHgd dt CBrfe‘i’\?)’ee He U8sired and actual
S6 tha { it

positione o a portion o e track transducer

pogaﬁgn@spﬂ@@d@eéemt_ and receives an input signal from
both the first and second tracks 200 and 202. Thus, a

porFitor3bflludtmtes aclepresentadivecpat2dth ofsdatacanlitrayka 200A, 202A,

i.gnal having a frequency of wl and a portion of the
an<f 2&% whigisehnug the g ecs_ti@¥ neisecythegvatingfdathafisgandbe seen,

freque MWz =1 ELG 3A il) es the t .
theg R He Reilfl onér s Grtap ekt pBE PR BegipPog Gusing an
irrdfall & RbiuerRSS REsaRB a3 Ath aRdHBELRbERTtent & di
11‘rés%gwn r lll?ar??ve ét?%at he actal posiati on 2325%1; g ompouncms
effect ofeenpasition aeoy onneach of ithé snbswjuent heridaga can eventually

storage nmedium 102. The | ateral offset between the
cause d@ssiof fhe penvermadss anshicarrespopgding kgs of datd- t i on 230

[ ular data,bit such a servo _mar

"<l e da”aBEeiu Y Girapaiieing effects, A aielen veriigon the
postibnir o iaed pRLBEESNOEINRE PG SRS MY:AR Y is necessary

to uadessand ahe ieatiad bethe Chctddd ah&Ncdr dakse POBkion26ASr. FIG. 4

__and 204A, which show the effects of noise on the _
illugtriatasnay naddel a308). fossestiamating thee positivn emer wigiah (BES) associated

iSRS R DL B0 ST 21 DL BV, beeh baeked oo
s e RS OO B, 8RBl g e
inpRte 1b WBhhiel 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 ai,
where 4 € {-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 |l oss of the servo marks and correspondi ng | oss
of data. In order to offset the conpoundi ng effects of
position error on the 15 positioning of data probe
transducers during a rewiting operation, it is
necessary to understand th&"nature of the factors
that can cause position error. FIG 4 illustrates a

) é % t|rrat|n the position erro nal

ideph ; AT PSRN 4420 G T 2 age of 07 into
data s di um 102. Channel 302  represents the

thejrapge 0@? T4 gtTa(rﬁmwhgreﬂéa@nfiﬁé% theelatn &rttlang or age

U bt bl peoRRSS st RRRE] 207 G aBPtlieRoes iy The
trai QA9 R Dk ORe el 1 U015 86, The

transition sequence 304 represents transitions in
data on the data storage medi u @ js represented as

at, where at E {-1k t,]W Y, vwrf and O
i ndi cati ng negative, posit i ve, ng transitions
respectively. 25 As a rule, servo rrarks are usualg
where W é they widthh of dWeW)batt 5ierafi it pealarvalugead nerf s the error
The density of data marks to servo marks is
funclippdesined@sas DSR It is assumed that DSR is an

integer. The transition sequgnce 304 (or servo mark
pattern) illustrati veleyf('r)rte:tjad “@re nonzero
transition foll owed by (DSRV¥) ®zero transitions.

Ciltter noi se is represented as an input to channel 302

ancy ¥ priggiconsiant,tefmgdasi se is represented in the nodel
300 by truncating an independent gpgd -8- identically
di stri buted Gaussi aanr__oc_ﬁs vﬂthjdgero nmean and a
variance of o; into the 2anyeiet )[-T/2,T/2], where T
stands for the data bit length. The transition
r esPon srmnsitiom oisponst o8 0Ransel r3dy esammnerkdisvit( eledfronics noise
The transition res onse fromithe channel is

funcigp glt)edt swampations SR Elpctppnics mopsq ge) dsy megelg s Agditive
WHif ssV.Y'agtlQImse EA{A@'%P] Wit Og/%g {rl}etggr Eﬁékth%aélttg ‘3‘%8?% power

erf he err erf
spectbal density of N,. N, is determined by the signal-noise-ratio (SNR) as

SNR = 1010g10(£J ,
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:

()= 3 ah(—IT - A, W) +elt).

=0
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:

@y = —;—(md/s)
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and Vp is a constant, defined as 0.25 1 n 10 V=P 2
2W2I n2 The transition response of channel 302, is
sumed with el ectronics noise function e(t) at
summat i on 310. El ectronics noise e(t) is nodel ed as
Additive Wite Gaussian Noir%e (AWGN) with zero mean
and the single-sided power spectral density of No. No

el B AR shSath fes Rt el fpepip et the re
' se _response, of the channel and assunmed to.he 1. kT
of %ﬁ%t% AP ladks gk G4 0that 1t if e SQY'rIQHg‘BgH{i with 7

at ereb et ooty Tie Fppedfes il tmpley s Smethiavemeed) at 320
<

and 322 SR P infALRRCHE HEorbiER esyls anc oxtracted gt 334 and 326 to

gerldrhteethRdp@¥itidh ety stdidals PES;eiwhtd i i=51,20)CaRbéiptedUwith the first

time filter (CTF), ich'is represented by j6)). The
andC¥¢eans! frequqreses, i bndowi th a  bandwi dth of : (Da =

Fephsclsh A0 s tPanes widihgr ehe hrackrisepauepan) the track
widlhy prE R S, ThO P ceoh gl B e MR dnddieh® (B portion

thalt 6§ PESH ity &h8 ?fﬁ’&’dl%aﬁ{ﬁkﬁs iR @&sSHHHE thd AViHROGMthettrazk0 These
and 322 and the nagnitude of the conplex results are

assaxiptamisateatpRRdntedcisIdBotve: 5 generate the position

error signals (PES, where i =1, 2) associated with
the first Werack = Wheaa
—VVtrack <g=s Wrrack

It is also assumed that the total read-back signal 1(t) is a linear combination
of read-back signals over all tracks, ya(t) (n =1, 2, 3). The function yx(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 gn(e).
As an example, the transducer displacement in FIG. 2 provides the following
values for gn(e): qi(e)=¢, q2(e)=Wiuc-¢, and qa(e)=0. The total output y(t) is
expressed as:

H0=3 26y, 1e0),

n=1 ""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

PES, = i=12.

N
Z y(ka"j(wikT)
k=0

It can be shown that
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and second frequencies, col and cat. Mydel 300 assunes
that the width of the track transducer and the track
wi dth are equal. Thus, the displacenent E of the track
transducer (that portion that is not in the mddle
track) is less than the w dtlf-of the track. These 10
assunptions are represented as follows: 5 rack = Wead
-Whack < < Wack It is also assuned that the tota
whegd- back signal r(t) is a linear conbination of

read- back signals over all tracks, y" (t) (n =1, 2,
3). The functi onRer(?—’a [ ®TYOEH iegpopse si gnal when
the transducer is”tof: r1y In track n and there is no
15 el ectronics noise, other than the jitter of servo
marks. For a given transducer displacenent, e, the

R et B 0 e ST

j p [ t [ owd.n . AL ).
théq ?‘(‘E‘J)QS%‘?‘%&’ 2 %%/ :1%??% caEg’c ,H‘Péa rlllgé‘\ilqe 3 ?%1)151@4.1@ ?ﬁaeg’ ?l gt g’:ﬁ(ho )lﬂ?s l? tC ted to
trajiéducer ispAIRESCE. The cfosh séRsityity paramletryd Re8( bhda Ry | are
rack where eg(t) = e%t)*g(t) and g(t) is the inmpul se
relatteglysoralbtomiperedifo 3R2: | hndt|Re2¢ askhush 8ES: cdrebe approximated
noi se, that is, where e(t) =0, the PESis
aSrepresented as PES = y(kT~-'(-'T)i=1,2. A=0 25 It can
be shown that r PES, = }l R .1 +l 1- 161 R', Hack °
lrack -10- where N PESIN |£| iR

n
track

PESz“[l_ |5'| ]iRz 2‘
W :

Thus, both PES; and PES; are linear with respect to |&|. Thus, |€| can be

estimated (£) as follows:

PES,
Ry,

=W

track

PES,
RZ,Z

)

with the estimation error, Ag;, defined as Ag, =&,—

52 = I/Vtrack (1 -

gl,i=12. The estimate of |e|
is a combination of £ and £,, represented as £ = ¢, +¢,£;, 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 @1 and §,is
the estimation error based on the portion of the data provided by the track having
a frequency of w>.

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, =& ~le)(i=1,2) is a random variable and is a function of both electronics
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R .. _ 1] Ya(kT)e-",kr,i =1,2;n =1,2. k=0 R1,1 and
R2,2 are al nost proportional to N. Therefore, the
larger N, that is, 5 the nore servo bits there are,
the nore sensitive PEST is with respected to
transducer displacenent, E.-lthe cross sensitivity
paraneters | R1,2 1 and | R2,1 | are relatively snal

co red to | . and | R2,2 . Thus, PEST_can be
nma%g?@méﬂgaerf Q%a%-p ngetexfrmnq:fiel@f;recr:w eadly of thiggise sources,
| JIR2,2] 11 rac 10 Thus, both PES1 _and PES2 aje .
the| linﬁg%rar\%i YRIIRRES, Ag; gnustpbe deqq;g‘gpe . e pganand variance of
estimated (s) as follows: ~"track | PSS. Ei - YY <192 =
Agicagc EZ( etermmed. tirqugh pumaete b IS 6F  thepretical methods.
defin i =.1,2. The estjmate

[ 45: = s; -1, sl, . f 1 E .
Using @Bﬁglsﬁi?/ PatbelRstBiss opise e(Rshosen sqat #eigaabio noise ratio
. =6, Ef + , i >= i=1,2 i+ b= .
Y Y —
sinRI14Q6nP RAEE HeBn érﬁﬁlf Alc08bA %ﬁée g"iéj eAnP 'E]VA.sqtefg SIPM variance,

the track having a equency and 2 1's

Valg j; %&F@é%foc&? %{sﬁﬁ{atﬁ)"ﬁsfg%lq Uy ?esgtﬁ% tdf RRe siﬁh?al?%k%séarfoshown in

e track having requency o

gra ?ca??(%ﬂrﬂ% PRAS. BJA-5EEE%I@%9[ SIR5Ws AROMR WG |kA¥‘@: {)Jf dféglr and FIG.

O! se-Tree syst errB: wever , rea! . syst ens |
5CRALHA the ARAVEN M0 SF RLUT 088 58 shbivk&he QfarSFA)zr;gd&f Ag,. The

mar ks angl el _ectri éal or el ectronics noi se. In (
res@t9in BEE$ FALIQ Ihdtate thati® nof-zero bils.of Positioh estimatforbexists.

random vari able and is a function of both el ectronics
_11As 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
= o 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

5

effects of electronics noise. From these results, it can be seen that when _*1_ . g2,

track

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

20dB and when SNR = «odB is negligible. Further, when 2 <0.8, the difference

track

in E| Ag, | between when SNR = 20 dB and when SNR = « 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| A¢, | within |¢] € [0.2,1]Wiak 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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noi se, e(t), and jitter, [At, }. To determ ne the
effect of each of the noise sources, the nean and
vari ance of As; nust be determ ned. The nmean and

vari ance of As; can be determ ned through nuneric
sinul ations or theoretical fgrhods. Using nodel 300,
wWith el ectronics noise e(t) chosen so that the signal
to noise ratio 5 is 20dB and jitter of servo narks
chosen as of a {0, 0.02W ..., 0.10OWN, nunerica

simul gt.i ons_haye been e oyed to,conpute f.he n, . E
nofi-ZRgo Bja' R a0f ket at i b R u gD & v (R Rprplly, the
ac&IthQfatiohN6f b&8 WahSleQd tBI'}?@s‘i)oéitfHHi% INBe AVAtS BAWBdLcer so that

graphical formin FIGs. 5A-5C Fl 5A shows the nean

serizol mgks Icoald A réntittehGackoet sheMiteédh@ositian. E As Aszesult, the
of As2 . FIG 5B shows the Var | As, 1, of AE,. The 10
rewrtingtaf servFiresks poBld dendnteascefar feomahaepeeted misitsothat the

osition .estimation exists.. ..As di scussed_above, the )
erdSin BWTILOR BT SOWROEN SR SOPCE ORREe T te Reispero bias
o BRr8hASub O oFAE R {BDSHL RS AL iver o

serv0REAGATE Shbuldbelgh RGSTRl thahether Tddde dotircdshfiap 0atisethe non-
of the non-zero bias of position estimation needs to

zettpebide tof ipoisiteuh estimatdr i otmresy siennolhas,che doenpensation of the
elimnated in the nopdel 300 by setting the sigpal to

Papfiudar pgiseosousRcar ke agrompligiesh PsisgosinHiart 168 gtas those
faserve jitter on e..non-zero bias. FIGs. 6A- 6B

degriRi e ogp‘gﬁﬁirgwegg?q e QYo BIRSr PEST and PES2

1. W t@oﬁﬁﬂeﬁ%ﬁibﬁl&f thdBtefbf S5 MArIQ! ectroni cs noi se.
From these results,” it can be seen that when K > 0. 2,

bacKhe hositidr estimaciohrcanhiee kBAIpedbatietebyestibiratting the asn-zero
_E 1 As, | between when SNR = 20 20dB and when SNR =
biasdtimnithe estymatgchpesitipnr Lhihe, natheerorhias @ ®preseated as f(¢), then
difference Wack in E 1 As2 | between when SNR = 20 dB
thespen-ghembigsicar: bg gvidtten 8s negl i gi bl e. Thus, the

non-zero bias of positi estipption nean, E | As, is

domi nated by jitter of O@élgac?ﬁ‘r‘lrgﬁ’)ks for the given
ELAS39F “her; d5iinet thost s Hipslokeineng ha po ercefifige of the track
wiht FES . ASHOPTRALE [ aRiRe} o] g Resiom o

illustrative aspect. Furtpherz a ggs)gan be seen in FIGs.
6A-6B, the non-zero bias can be 'as high as 1%

whith hwgrbtiRle 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:

& =¢-£&).
The estimation for track transducer displacement £ can be used because file)isa
continuous function with respect to ¢ as is shown in FIGs. 5A-5C. Therefore, file)
is close to f;(¢,), the estimated non-zero bias. Further, the relationship between
fi(¢) 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,
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-12- non-zero bias is not large, it may be accunul at ed

over tinme. Eventually, the accunulation of bias can

| ead to m spositioning of the wite transducer so that

servo marks could be rewitten back at a shifted

position. As a result, the 93rewiting of servo narks

coul d deviate so far fromthe expected position that
iting system coul d, potenti al

an%E%#%?#ﬁEsé{c%@W-%wdm%n e HMpisSPF g pstimated non-zero
biag?’ﬁgsg?élt ggyj 10 ! Ci:LH‘?hé:ro %%Qsﬁgsﬁglsstc%ﬂ%%gﬁgg} t egIéOIII-QSI‘O bias for

er o §ervo
anf D55 B BRI DAY PR A O 1R S 8t btected

Thd B&t$matiBA FRIFRERS %irﬁiéneé%&h & ddhiRa 44 Aell ar gnoi

i
source can be acconplished using simlar technllq es as

t hosRe &asiehtPest bl ‘%Wn‘é}i&@aﬁ% AgethddC debdrisdd Abo$Er NS been
mar ks. 1. Conpensati on

. f the Jitter of Servo Marks
simiteteplp aintdi the estltsaré chowanirbEIGOreiBat HI. (RA shows the mean
subtracting the non-zero bias fromthe_estimated
estpafion giron fromhPFynafter somipgasation épdeElat éB ghows the mean
f,1(s), then 15 the non-zero bias can be witten gs _(. .
estymatpneryort frpgy PEBy after compansatien Jgempared F%rﬁjéége rE[A«%] is
di spl acenent as a peycentage of .the track i dt-h, FIL.G
de@ﬁ?'&’ﬂa Eﬁﬁﬁg?ﬁs“ét"é‘tﬁf %‘{éeﬁl‘gdéﬁ%‘t“}d?c' ,%l@élﬁﬁbfe Emﬁt]tlér?l%lﬁcaﬂﬂ)’
s'=e,, :f(s), jch c rovide a .straight fqrward .
degigashiens 5nl0 Aaler. “ARuBAe thf varanfS 0 Bis eimahion error is
incgéa%@l:l%‘ﬂ%?ﬁa .eﬁs?t'i(ﬁ*l,Ll!ﬂgﬂqiﬂmaséﬁsﬁ iplehe actual track
t ransducer i splacenent r, can b epl aced with an
est Al &odibihhgy @he RPloacsIBMBias lof & edammatiohArherthgre two
estimation for track transducer displacenent e can be
estifi@HoRE6RY) T ahd(5). B c@mb?rﬁng(ﬂﬂé bY@y nfatidek a9 devdrited below,
respect to E as is shown in FIGs. 5A-5C. Therefore, ff
a bettpr estimateosfe ¢am e aliievdd. The basitial@irtthnnateszebed above, is as
bias. Further, the relationship between f (s) and SNR
follows:he illustrative aspects has been shown to be very
weak as the difference in the transducer displacenent
i s negligible when SNR = 2@,&IBcgs when

If £, <0.2Wuac, thenci=0and c2=1. If &, > 0.8Wirack, thenci =land c;=0. £ 2

0.2Wiack and &, < 0.8Wirack, then

¢ +c =1
q _ [|Var |§].
C, VVar € |

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

The compensation factor, f(¢) 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(¢)i=12

that is robust, with respect to SNR. As described above, when & > 0.2Wiack, the
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the SNR = co dB. Thus, simulations for f, (s) can be
done at a single SNR Il evel, -13- and the data points
coll ected can be used as an estimate for an estimated
non-zero bias f(9,) at any SNR Further, since f, (s)
i s continuous, the non-zeroMtras for any e can be
interpolated fromthe data points that have been

prﬁry‘ usty colhegted.  The ealidal hRgCLI 2L BL TR = wdB is
negligibfscnfiecfors) Alefi e Bakhot masebac DL e < Hoaaditon, When e <
0.8 sgry Bt wicie%é@@sﬂ%%*ém 7 eNTER 2B 8 FhHERSNR =

oo E NGB TR 190 AR EF bR £0,SRFETTHY Plpsaton
algQPith r&*&tcnsfs qggo iswﬂss Shaid arly, E[ Ae2] is

st gni f1cant decreased for e E [0, 0.8]Wrack.

Al t hopabbd Iaforugé | fhcquall frb@@erﬁ?t paREIN) R CARd wol f servo marks
i ncreased after conpensation hat increase is

showglalbgvb Iveith Aéspect thriG A geqthueemirﬂeaﬁrtmvcbrea/srltmg passes Due

pOSItIOﬂ estimation, there are two estination
¢he s wci@n%&nﬁrw%y theﬂ"'lev\BrCE@@FWﬁl@nE"aﬁ ucer, Shese two

beI tter e t| e
fevgfe e Rt aved BIAGH off SR i dn 56, B which js known
as Jti?_%acfko hﬂ&)‘l’@rerﬁ:ec Tradle %n@ohe'rfen&a AS chh 2Vt e @ Cfe Bbﬁﬁdfcitg—of the
and C2 =1. If Ez z 0.8Wrack, then cl1 =1 and c2 = 0.
reaE:ba@k g2l yicK), dntl,2s %sﬁecﬁhl&SW\latakﬁe edgesn which?2can Hegfade the
Var M2 c¢c2 Y Var f, 20 2. Robustness of the Mthod
pexfermanes,ahthe pesition estimatipnt dp e igptrativmargect ihe problem of

trafl JREAN i 8500k B rerhin o el GikS: notad J5ifkrck signal
PO S1ORE ESad ek A0 1 . HORSIIBF Ak @1 abB of hd bnalcan be

sServo mar as I relates to tra
discagiides fcthat Em@ Férfg@ﬂ Iof $hé Posigore discatded hptaCtr@hsd&er A and

thebt>z/allZAeTr ((2)18 rsrﬁg‘r:malgdméh g) :;enbgclt}el g?‘clee?tgxq than the track incoherence, A. One
additional feature with respect to Ax 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 £(e) from when A =0to 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

provides estimations f(¢) of the non-zero bias of position of the servo marks such



10

15

20

25

25 power spectral density of No =10-SNR/ lo. It is
difficult to know SNR precisely, so it is useful to
have a conpensation function or non-zero bias function
f(s), i = 1,2 that is robust, with respect to SNR As
descri bed above, when e > 0:I®Wrack, the -14- E | As,
1, that is, f (s), between when SNR = 20dB and when
SNR = oodB is negligible. Therefore f(c). is robust .
as i dhe dransgusey peeikioning sHanitTbA10wnkhe desired pasiiqn to write a

serkiidiibe SR Sonbeanen i i E BER B B g o0y Ten the
b . Wh . < 0.8 K. Th tion 5 .. . .
nobaKS bidknd fiekis, bR 6Em & 9 88NPiabe BpSTon fighasion with o

_stgra_clle, the dual frequency pattern, c)l and (02, .of n
biag ef,v o Thacrmpaesdh ohbles position essipatien twithrng biga, £, and £,are
requires at |l east two rewiting passes. Due to_the )
combinesl ag ihesadbed mbeer toy perducee thy Sinahmpsitian estimation that is
tr%nsducer, these two rewiting passes may have a
rohust i POBshift of A shown in FIG 8 which is known
10 t; T C . | RGO
a7 B RSk AL AL S ROHRLAAE SRR paiages.
Foi adardplecdntcicad lyy te ddta tesigesicerBi onp@datiel padeiding a better

erformance of the position estimation. In one .
estitptgsefr tej interasedata whistepr hiahdimbpf the dete sulijetted dadbe jitter

j S ayoi %%%Bb%/ utting off éh@ edges of, the readback
noispgn kit addyiion tis combeRsateddifack Gurien; ontopthe servo tracks,
S . an ' f &h [ I n beg.1 .
thef B PAERing U e PceufhEdfiof of "R R0 LERY In"Addition, the
coﬂ?&ﬁ@eftﬂﬁﬁceﬁ{ bé REcArhPNSIKIE Rtk iRNEr nbhRldedl dorfiplek@§ to control
shown in FIG 8) are both greater than the track
cir¢uitryhfor en trepsduce@npositokingi dadte. f Faisuleadsito larr effioert and cost

to, AH and AT is that the Iength of the effective
effegtiyiedmplementationul ti pl es of the periods of servo

oSy 5 WL I SRR B s anc
o ogk OO e} E9EbOSA st HTNIGEADH Gecripion.
togehlesr Avith Odetails Adf=tie STrucand Ehé. fBtHhowE tdriouseaspéds, this

of a sinulation of f2(E) when A =0 and A = 0.5T. The
disclospeg i Uhstragivei enly opnd tchapges aly be maadreiedetail, papedally in
ma%‘{eis of gt?uc@u?c? gngiafr;aer{geerr]r?eens’c oif q:)a];:f%(v%r}thfr{ the I\)Aﬁrelcnlpﬁes:ofC{hE: %resent
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



25 0.5T, but the differences are negligible. Thus, the
conpensation nethods of the illustrative aspects are
robust to track incoherence. The conpensation system
above can be inplenented in a device such as a probe
storage system in one illushtrative aspect, by
creating a table of data that provides estimtions
f(%i of the non-zero hias of position of the servo .
apphed §0 sgrRpensaingfori npisegodreehethes éharptlsqtmtt%ioz gervos, without
circuitr 10.. The desire osition to ite a servo
defgpa ot bt Sraregad SR BE P seRE el oa o bee:
i = 1,2. Then the non-zero bias f(s) is subtracted
froms, to generate position estimation with no bias
S, . The conponents of the position estimation with no
bias, s, and s2 are 5 conbi ned as descri bed above to
produce the final position estimation that is robust
to noise. The illustrative aspects descri bed above
provi de numerous advantages. For exanple, data read
by the data transducer is conpensated, providing a
better estimate of the intended data witten than
that of the data subjected to the jitter 10 noise. In
addi tion, the conpensated data is rewitten onto the
servo tracks, thereby reducing the accumul ati on of
non-zero bias. In addition, the conpensation can be
acconplished with little or no added conplexity to
control «circuitry for a transducer positioning
device. This leads to an efficient and cost effective
i mpl enmentation. 15 It is to be understood that even
t hough nunerous 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 nay be nmade in detail,
especially in matters of structure and arrangenent of
parts within the principles of the present 20 aspects
to the full extent indicated by the broad genera
meani ng of the terns in which the appended clains are
expressed. For exanple, the particular elenments nmay
vary depending on the particular application for the
data storage system



10

15

20

25

whi |l e mai ntai ning substantially the sanme functionality

W t hout departing from the scope and spirit of the

present aspects. In addition, although the aspects 25

described herein are directed to conpensating the

position of data transducersl”/n a data storage system

for the noise of servo jitter, it wll be appreciated

by those skilled in the art that the teachings of the
L ‘can be applied to other systens that

utilize transducer positioning. In addition, the

teachi ngs can be -16- applied to conpensating for

1. noi demethod; esnytrkeing:t han that jitter of servos,
wi t hout, departing fromthe scope an splrlt of t he
pr e5RAMNGSELIrem a data sppepe A NERRTeS: the Sfﬁpﬁétr?ﬂj%}ng the

comr i1 fidia G530 40 630 % L ABAIRLA BEFAGEAISIT U

wher ei n rea causes t'he data

to BetephAtig 4 A&H JiB6h Weﬁrlgeeﬂférdﬂtﬁ oA thed@sthsBStage
position to rewite the data onto the data storage

medi um  meeliaoh, irgcludiogput i ng a position error signal
based on the read data ; and conpensating th
posi t i onCRMPYHng Wlﬁ%ﬁrl‘r%ﬁlg@ﬂ agchan ﬂéﬁhtﬁad data ; and

t the dat to the data st di
non- synchPORENS gy Hgton SFoF AL R Bo P iFand
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dat a re to a servo nar e net

wher ei n hiretep of reading data related to a servo

mar k conprises receiving a datapattern froma first

track stored at a first 15 frequency and receiving a

2. dat The fi‘ﬁétﬁBH of rcPa'Hr@l $21Pad th @Fe&) &ﬁﬁi}ga(?atﬁ cORfHMs reading

frequency. 4. The nethod of cla n the 'step
datef retaeg vd arsgr\td]maple,3| tion error Si gnal conpri ses
computing a first position error signal conmponent and

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.
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conmputing a second position error signal conponent. 20
5. The nethod of claim 3 wherein the step of reading
the data includes reading data with a data
comuni cation transducer in comunication with the
data storage nedium and furtl®er conprising estimating
a displacenent of the data comunication transducer
relative to.the first track and the second.track. ..
7. The T HEPRRBOS T Eladin WHGaREh e RO OB SR ibi i Bat g error
sighEr L Mlrlieh S b VRt L3 B BREERET Bata with the
pogﬁbh@r&fsigﬁagj m 6 wherein the step of conpensating the
position error signal further conprises summ ng
previously stored conpensation data wth the position
err I ) . f | j "
8. ot eghe PN of ol . iRGreBER 1 BL Bt pe RS thephBition error
sighBCindHefes SUMMDME PraN OIS biorsd @bafbenoatien datd Withdhb dirst
with the first Tposition error signal conponent and
positiph ertre sigad mdngesient end evitlo thessegnatl postnpoereat sigoal
conpensate the first and second position error signal
CO‘E‘B%@%‘HC&H‘P@?S&% er#éftshéfég 8¢candpoRIHORMAEES gorgpepents.
of conpensating the position error signal conprises
conpensating the signal for the effects of servo
9. ji t Tbe metbod ©f claimek Whereindhp siepi of gommpeadating dlae positiomerror
. a gdata storage nedium  wherejn tp}g gfata i ncludes servo
Sighat {EMPHeeR IMBFNSRtingthe stenat kordhg elfecls b RETIQIHER; and
wherein the step of reading the data causes the data
to be erased fromthe nedium and 15 rewiting the
10.dat A method, kemguisingt or age nedi um i ncl udi ng:
det er m. ni a desired position to wjte data on.the
f1 r Seding dRtalyons Hath e s TBRRIUFR OfneRein i neludes servo
based onn{ Rs %E?egls&ggﬁrst tli‘?cq?éﬁc? ? REEOCHH {r?& %ﬂtdawherein the
storage nedi um and conpensati ng € positidn error
si gnal f %Er&&ez&iﬁg the data usks tid dsad8ir RRded frbf the
first track; and
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
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determining a desired position to wite data on the
second track. 11. The nethod of claim 10 further
conprising determ ning a displacenent of the data
communi cation transducer relative to the data storage
medi um 12. The nethod of cildi m 10 wherein the step of
readi ng the data includes 25 receiving data signals

oo AL B A QR B
sighd1YoHate 8bcdhd HataltrddiGY ?Egﬁ)dea g a_tsggod‘?cf;?%gu@h al

fromthe second data tra I'S provi second
frequency. 13. The nethod of claim 10 wherein the step

f ' . i.tion. ' | _i.nclud "
1.0, SRTRAAR o SR SRL Rt ) SRRl M Shecgner
SR SRR SO0 99, At o

positien erropsigsiay badnponeat. udes summing a first

conpensation factor with the first position error
signal conponent. 15. The nethod of claim 10 wherein

14.t herid gRuXdd BPaHﬁH%@tva&ehh&e%rt%)f é&rﬂ?@hsatﬁ%nﬂ}{é?ér%gnal
accessing a previously stored c ensation function.

incliGles Annanjrgy afivst coapapsation fhctorwitht the $irst popition dinonisignal
a data communi cation transducer configured to receive
corgpeRrerftr om t he data storage medi um wherein the data
is erased after it is read and 15 wherein the data
comuni cation transducer is configured to rewite the
15. r edbthetatethdabokclaith d Otwikeerdat thesdtep afjeompdisatirignthe ereor-signal
. synchronous manner; and a non zero bias conpensat or
inclygles ipgeassiangraoprayipieny stased sompessation funsfion: he dat a
conmuni cation transducer to determ ne a desired
position 20 to rewite the previously read data back
16. ont Antalppadettis, cnopdsiag: medi um 17. The apparat us of
claim 16 wherein_the data comunication transducer is

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



configured to wite servo marks on the storage nmedi um
18. The apparatus of claim 16 wherein the storage

medi um conprises a 25 plurality of tracks and wherein
t he data communi cati on tranigucer is configured -20-
to wite servo marks on a f¥¥st track at a first
frequency and a second track at a second frequency.

Th h
to Wilte e BB RF S ot BReR al P EsPEd g ha g el tragk ot a
secg@aﬁe@lg lication transducer is configured to

wite servo marks on a first track and a second track
and V\,herei n the data rrarks on the second track are

Wi en out of pase mth vo marks on the .first
1. oI5 16 bR dnE e s RirbuPFimEria
lufdl '&%ék!; %héfe?r‘i‘ G845 oPmGARGEHBH HRhsHR nfigured t
P usi |'taneously r eagﬁudat a CPr om t Lbe 1?ﬁr st St r g%rklszgro}d ‘?“fee ©
wrisesnd nhdrke lon 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.



