Systens and Methods for Format Efficient Timng Recovery In a Read
Channel BACKGROUND COF THE | NVENTI ON [ 0001] The present invention is
related to storage nedia, and nore particularly to systens and

met hods for synchroni zing read operations. 100021 A typical storage
medi um i ncl udes a nunber of storage |ocations where data nay be
stored. Data is witten to the nediumw thin areas designated for
user data by positioning a read/ wite head assenbly over the storage
medi um at a sel ected | ocation, and subsequently passing a nodul at ed
electric current through the head assenbly such that a corresponding
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cont ai ning the desired i nfor mati on &M8MBEVanced until it is over the
desired data. The previously stored nagnetic flux pattern operates to
induce a current in the head assenbly, and the induced current may
then be converted to an electrical signal representing the originally
recorded data. [0003] LBer data regi ons on a storage nedi um are

separated by wedges that i O iMﬂF? %Nviﬁﬁﬂéﬁrvo data incl udes
addr ess and ot her Iocatlon |n |on ce a deSired location is

identified, user data subsequent to the servo data may be read. The
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synchroni zati on pattern may include a very |arge nunber of bits to
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the head assembly, and the induced current may then be converted to an electrical signal

representing the originally recorded data.

[0003] User data regions on a storage medium are separated by wedges that include servo data.
The servo data includes address and other location information. Once a desired location is
identified, user data subsequent to the servo data may be read. The user data is not necessarily
synchronized to the servo data, and as such a synchronizing pattern may be included within the
user data region directly following the servo data. In a typical scenario, the synchronization
pattern may include a very large number of bits to allow for accurate phase and frequency
adjustment. Increasing the number of bits dedicated to the synchronization pattern increases the
accuracy of the phase and frequency adjustment, and therefore the accuracy of the data read from
the storage medium. However, increasing the number of bits dedicated to the synchronization

pattern also reduces the amount of actual user data that may be stored in the user data region.



[ 0005] The present invention is related to storage nedia, and nore
particularly to systens and nethods for synchronizing read
operations. [0006] Various enbodi nents of the present invention
provide bit density efficient systens for accurately processing user
data derived froma storage nmedium The systens include a storage
mediumwith a series of data. The series of data includes a servo
data and a user data region. The user data region includes a first
synchr onigeall Ofle B! b ek ead il AoREEANSLIIAGRE e 8L RALA Blirlicat ed
a distance fromt irst synchronization pattern. A storage buffer
i's provi abdndeHaystings anémeaiwﬂeformcmmeg the aerurae abreadogroationomdatr inchrgsing
series o i L cal cul ates an initial phase offset
and freqﬁlgg%&%t ffff e%cg/fogk&q's%ea? e%orblt wi thin the storage buffer
using a first Location of the first synchronization pattern and a
second | ocation of the second synchronization pattern. An error
correction loop circuit rEREEMNSARNCOETHRENVWINTdaNa from t he
storage buffer based at least in part on the initial phase offset and
a frequency offset. [0007] In sone instances of the aforenentioned
embodi memoss) the ﬁr@sﬁﬁt%\r&gtl&{ # Gthibd !orﬁgdré‘gg%dﬁ $ddrRdre bREBIAMN o systems and
calculatron circuit that is operable to determne a first 1ocation
cor r espofigihpds feosynelsonizipg read ppridfiodhi zati on pattern, and a second

| ocation calculation circuit that is operable to determ ne a second
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of data and asserting a first synchronization pattern found signal;
and determ ning a nunber of bit periods froma defined point until
assertion of the first synchronization pattern found signal. In sone
such instances, the data is sanpled at a period T to yield T sanpl es,
and determning the first location of the first synchronization
pattern further includes: interpolating the series of data using a
T/2 interpolator circuit to yield T/2 sanples; determ ning which of a
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bet ween dwarminintpd first logtion sf the first synchronization pattern; determining a second location of
the second synchronization pattern; calculating a frequency offset and an initial phase offset
based at least in part on the first location and the second location; and interpolating at least a
portion of the series of data from the storage buffer based at least in part on the frequency offset

and the initial phase offset.

[0010] In some instances of the aforementioned embodiments, determining the first location of

the first synchronization pattern includes: detecting the first synchronization pattern in the series



[0015] Fig. |Ib depicts a region format in accordance with various
enbodi ments of the present invention suitable for enhanced

synchroni zation with nedium |l ength user data regi ons di sposed between
servo data regions; [0016] Fig. |Ic depicts a region format in
accordance with sonme enbodi nents of the present invention suitable
for enhanced synchronization with relatively short user data regions
di sposed between servo data regions; [0017] Fig. 2 is a block diagram
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Fig. 6 is a flow diagramof a nmethod in accordance with one or nore
embodi meMd1lof Yetnthes pmbediment olthe pissent irenhion pwyide sigrags aystemstthat include a
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i nvent i ofirst synchronization pattern. The read/write head assembly disposed in relation to the storage
medium. The read channel circuit is operable to receive an analog input derived from the
read/write head assembly that corresponds to the series of data, and includes a storage buffer that
is operable to receive at least a portion of the series of data, a retiming circuit that is operable to
calculate an initial phase and frequency offset for a defined bit within the storage buffer using a
first location of the first synchronization pattern and a second location of the second
synchronization pattern; and an etror correction loop circuit that re-samples the series of data

from the storage buffer based at least in part on the initial phase offset and a frequency offset.

[0012] This summary provides only a general outline of some embodiments of the invention,
Many other objects, features, advantages and other embodiments of the invention will become
more fully apparent from the following detailed description, the appended claims and the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] A further understanding of the various embodiments of the present invention may be
realized by reference to the figures which are described in remaining portions of the
specification. In the figures, like reference numerals are used throughout several drawings to

refer to similar components. In some instances, a sub-label consisting of a lower case letter is



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0023] The present invention is
related to storage nedia, and nore particularly to systens and

nmet hods for synchronizing read operations. [0024] Various enbodi nents
of the present invention utilize a data format including two
synchroni zation patterns spaced a defined distance apart in a user
data region. A sanpling clock is used to sanple input data. The first
synchroni zation pattern is processed to determne its |location, and a
phase of 6L PEhIES Perl B SRR oGl RGK o ¥t i1l LifrSihr M}%E&n‘?ﬁ"!\%ﬁ&a‘ on
pattern. An interimportion of user data subsequent to the first
synchr onireferencg s padette p refersnesanplerbwitkius specificatiarnp i engstink eetk|abelnidist he

resultin . : X e interimportion of user
data is g?a§§¥#ﬁ§%9%§ﬁgﬁﬁhgﬂab@éﬁP%FH%@%ﬁ“ﬁg t he second synchronous
pattern. Sioml o,the first,_ synchronous pattern, the second
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di vi ded BiPERELIWFRRSA VO HREI9NSt er veni ng user data to yield a
frequency offset. This frequency offset is conbined with the phase
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an err or bgwesneservoaiatalregignst hat i nt er pol ates the stored sanples. By
providing a nore accurate initial phase offset and frequency offset,
t he abi | [G0¢6]of Fighk: depicora region Behatam adcomipndeavify ome ehpodimests poihapesdnhe
data stored in th nory i reat!ly. enhanced. 025] It shoul d. be
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si ngl e usaweshakiofda@lrebiclissposed between two consecutive servo data
patterns, that it is possible to process nmultiple re-synchronized,
user dat @oIBCt FigNSisAILRRRARGrBELMEGRuE WP pRRASRE YhHHEdSREMAEAFhRronization
patterns. Wiere a single user data pattern is disposed between
consecut PEMSd Yegoidanaestiisome kmbedimos pithe piesenhiyensiger ate as a si gnal
to begin processing. Alternatively, where nmultiple user data patterns
are pl acéd1glet fimehissdlack dikgtam @atsysemdor procsssirpalsern dathi syahirorgezation patterns
conpl eti gn .qf, user t attern y be used t.o signal t.he start of
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user data patterns. Based upon the disclosure provided herein, one
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may be used to signal transitions between user data patterns. [0026]
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entirety of the aforenentioned application is incorporated herein by
ref erencBvemonal | purposes. Based upon the discl osure provided
herein, one of ordinary skill in the art wll recognize a variety of



[0028] A portion of user data 108 is witten after synchronization
pattern 106 in user data region 107. User data 108 is followed by a
second synchroni zation pattern 110 (Sync B). Synchroni zation pattern
110 is simlar to synchronization pattern 106 in that it includes an
identifiable pattern spread over a limted nunber of bit periods. In
sone cases, synchronization pattern 110 is identical to
synchroni zati on pattern 106. In other cases, synchroni zation pattern
110 includes a different pattern and/or a different I ength than
synchroni zation pattern 108. The di stance between synchroni zati on
pattern 106 and synchr DhilAZtEDR DESERIEFIONIAD THE. INVENTH@Nnunber of bit
peri ods devoted to user data 108) is known. To increase the accuracy
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initial PHEHTerCY oS IR USShtR UL b isRastd RERYCH SOBEEIVE ATV BRUSHISERT or
correct i efvd RafmintgldpeiaRRGs @ sidhditd ségirp&ase@sihgqcxltdrmel?,i Wdié fnuftipRluser
provi des re-sanpl i %fgﬁ % , interpolating) the data fromuser data
region 197f2 Pa{IGEIS OFF b ljeetnc?e'i’—“’i“é'?‘talpﬂt,te”é%F‘é’@l’%hﬂdﬁ%‘?‘%?onllﬂ@‘%l&’if f 4157 data
for enhapgeh dyehis@ioZahhiaRe Wart B pFB@ERD. |RRALEN y@ﬁrmgsat,@a feﬁ%ﬁ@ﬁgnal
di sposed _between servg data regions is shown in accordance w th

vari ous Bupben saesthardgisk ¢ivepthatiaggles hetvessn themproomesiised conseentive spadata

i ncl udes user data region 102 foll owed by servo data 104. Servo data
104 is followed by a user data region 109. User data region 109



correction loop including a digital phase |lock |oop circuit that
provi des re-sanpling (e.g., interpolating) the data fromuser data
region 109. [0032] Turning to Fig. Ic, aregion fornmat 105 suitable
for enhanced synchroni zation relatively short user data regions

di sposed between servo data regions is shown in accordance with

vari ous enbodi nents of the present invention. Region format 105

i ncl udes user data region 102 followed by servo data 104. Servo data
104 is f ry: 1 111. d Leqgi,on

egi ne whtl o CoaBy! BEGRIRLR: BV B B b AR Y,

pr eanbl e rpagitizravaiies of smgmﬂs matemy Heruealnb lsignyd atatigtions b&bveersudenddtoputidimby
first synchroni zation pattern 106 (Sync A) witten in a user data

regi on 1Q®26] NTirRing t€RZEla, b Rgic@vBimak 101 RRESIE foRknhisiedd sgadhdoriRGbOWItH 11
is so short, that use of two s chr;nlzatlon atterns would result in

an unacc SRRy donsdie dagregions Rest S aff regigiis ShoRm iR a¢Fordarce: wo

synchron Mtﬁ'foh@é‘r lﬂﬁrE Eﬁbé‘tﬁm\é‘&b’bﬂh@ﬁre&ﬂt ﬁb&%n t Rg{EMBFmithatl idchays 1Ry dhta
not provide a ree of accuracy. In such a case, only a single

synchr onfegin; 1§A fcglmeégha pve dast ] (o |Sedinata 04 mew be anit §rvooBta PABET ke
108 is fof howedaby, &uaﬁgqgewda&elromg Jhudt- et & ?srmt Fulﬂﬁeds%né:ﬂé&%lgﬁﬁteﬂpa
pattern interspersed in user data region one enbo

t he pr eséastor ﬁdﬂ@@ﬁma&h a geayreefieandagiugst. shmrtoth%@ramm seryedito4imayondude a
that is (

et 1 BB NsFtg DUGL Sl (PR0) B RIS, L0 g (AR
for procesxnmbmenhammedwumehwdmuansymmhmahmjﬁffbmmmampmmn&1|n

accor dan nts h resent ,Lnve t n

ot her -t ht ROLSO RO BIRE S TERE Tnelrh oS B RET o SN ERelethpO0R S sea
correcti Septématep2% 2008 baRathskat Ardvind| Thechtisgty bfiht histenpndsedapglication is

b0 onc R BrE Ty e e P e e E s dhe Rt Sridef Hesing

bel ow i noﬂieedfatdnﬁmy §k011 i e arB wilDRbenRe @G8S&Y BlkeBiol dathl datd@Othhinadyudasiliged
210 t hat senses etic field 205 stored

read/ wite head asse n

on a st of=eyer ?Wﬁbgﬁ%%ﬂ%ﬂﬂm%Hmﬂﬁﬁjé@ﬂ”@??@“? H%ensed i nf or mati on
to an electrical signal 212. Electrical qnal 212 is provided to an
anal og pf¥edsshanrp dilantld is fosloysd o ssekﬁaswrf:gion PheUsgr data segdpnt 193 beginpwith of
analog p t P
anpl|f|egﬂ%ﬁiégﬁgﬂg&@g%ha%?%%ﬁggﬁyﬁhggﬁ?éggghgfng aﬁ%ﬁ Fé%&gigﬂg%
217. An alfrat Bya mosmditedi in dle cbashweadtte prir2Brvodieai [0é andathpl uséd @dvrie geeatiat® 17
and conv I r

fo a 11 meeendph Bl Epl oRdob oS PR cRE S Sa iR R R AR 0800
are pr ovca:ta:it tse favv by perldaiaseekdngthat Faﬁongngnmmmsnacezm | h@ambip@ataanewmm
det ect C tern 10 i zation.pattern .11
and base M RHG AR b il e R SR D 1R F P b BrBRt i e tor
232 t hat haa;rbeerpctemcted @ald tobegindhdprbdess Ws@ﬁcﬂardmmdg tb @@pmplingtilbck f@3mer data

[0034] In ad ion, digital | es re stored to a us ata

buf f er zifémﬂ@iyrﬁa%m@e Beficrnf fgggﬂ“ﬁw? @e ﬁﬁysyr%&fﬁﬁwt@aaafbﬂ%?@ﬁ &g%f% } ng
and | at ewripéioMiadistt@lacees 1070 SYh@irdridatisdpgile@sS] 082acludefa SIAMEnumber of bit
enmbodi nents .of th ﬁéﬁgent i nvention, _user %@t% bufegr 240 is a
first-i nPFIOASPYebUichE B Paers ¥rigehwht Someembodiments of b PERSe nygttoar

240 may becrbFiedioh @a@drh 06 § bewageteR{ 105 ki Dty Qﬁomfﬁ’erfobﬁiﬂ 1éddeh. aEOREBpinOf

dat a exp ;ﬁd |n t he user data reglon up to the end

synchr ont @F‘Hatﬁﬁ’aﬂqfﬁllg éﬁolﬂol%o‘f%’lly rteﬂ‘é?eb?%%g i"’ﬁ'&e‘b'fn user data
synchr onjegahilon bﬂﬁélgcﬂrendel@s@naﬁaq@ayxeﬁ PARA ZRtuBarPRN Y BEhunk HINPBE eff&its
re-sanpling or |nter?o ation of the previously stored sanples from

t he user okpay angosigrtethirsquererseffsgeri al data 222 is pulled fromuser data
buffer 240 and provided to a nultiplier circuit 245 that is part of
error correction |loop 299 where it is nultiplied by a gain factor 249



S bit int

[0036] In addition, output 262 is provided to a delay circuit 275
that provides a del ayed output 277. Del ayed output 277 is output 262
del ayed an anount corresponding to the tine required to process

out put 262 through detector circuit 265 and target filter 280. Said
anot her way, delayed output 277 and target output 182 are aligned in
time by delay circuit 275. Target output 282 is subtracted from

del ayed output 277 using an adder circuit 285 to yield an error value
287. Err gio2dp! W&ozl drdsuay i é@ﬂ V\Trrﬁteﬁl wertsg,{chma%ﬁorl &Kl 1987, G

235 where it is used along with table val 292 to adjust phase s |ft
out put 23Eiqnhid. Usersipia 08 edollewvddityearspesind sichionizetipnt pagte. 110 {Syoh Bl d be
noted th t ft
out put 23 RrSlayPREER 1 SRR & HhhERARH pBlter S0 B R IRAREN |

the art tideatiﬁaizieaaa@elpameed ofer p oétked/numgper of bit Iadnopmdseommlasesr, ejqxumnmyatlon
of fsets rar.ion ba t e received.offsets.
In some g\%gere% ?ﬂ)glls r & cggt!lpr gcc@po% za flon Opattirga%g Pnp cgﬁer ﬁses Ssgnc rogxzatlc?n paﬁ
correct i dho inolagesaptiffatntpgttdrm armyMaeiﬁﬁerene Ilqllgrmgha)rEyacksmrﬂgiuen pattern 108. The

synchroni,zj ttern 100371 I at dat a |n 5.15S sensed
Y om o miHath B Bish R g T BeLS Buuttien Bt G tsnlp BaToe
222. Di gbf at pSRiPd@sted 22usdf it HIPY BNKhb@h.| Yo GidREdetBe 4cQuiabiestithd ﬁ‘equency
synchronléatlon aniern 106 and synchronj zation ﬁ?ttern 110. Once
synchr onP 25t PSS thediztaqerdefieen pashropigttioaPatiem AN adsuedherpiglian eatew

and an agtilchébestoRGelaRIyeRs. HB@/e'FéﬁQshﬁaréJﬁlﬂ dbsRribA weVvat Qclhtitntth &lg.
phase and frequency of fsets 232 as is nore |y described below in

rel ati on2t@e @nceé:-etv[ee@ @QThWV?té’“é’Wé‘Tr{‘ il %ax@@quwtlgq pattern 110 corresponds
synchr oniz@t h:Q@otharﬁérﬁ‘Jr? b usd Bt RO &SI & tRd QRS TS fhe ﬂﬁﬁrﬁe
buf fer 240. Once synchronization pattern 110 is received and initial
phase ané dhpwgagentgdegfiibgtesn Lnstza@rl accaitagy pedlimiting fietsizalof plaew ugedin
frequenc t rcuit
L A L R L e
cfr equencyetwwnsfé‘{e hugdredh (506) and\mp monsmﬂ,d'ee hsnd:wdaQSDfﬁ bitgeriodbdn &enpthf ‘Besed

- 240 wher th| t.he |n|t|
it i o R BEERIAR Sl 1RRA, e otbudRIT SERTE R ol Ml e BeniG i

-+ and syncHisanéez §itel, @mopiats bEusar dajam (8} Betetedni sve:duomat]b:hd:ﬂa p@ﬁ antl syitatoaization
~sanples 1, ent | t he u lata re sequent, al.l y. pul |

From useranh it dobf g5Elat Al R baRhERnbolRFEk HMiurtigh ten 510, vser
- i nter pol datail 0%is kautintedina. usélfhi@tal 2 es ol dued de@tregios107 GCaBs@der iranigia

' detector uit 265. For h 0 bit,.error value 2 i's .
 goner at ed LR 6T StrRisn T e LSRR oG BT FiErsag ust dua s
- Digital phiased sk da@apgieh 1 iTh orSEmigRRMEbRSe pﬂasdapﬁl.aérﬁﬂnMeﬁﬁv@i fosgt
for each bit. The updated, phase offset is provid Ri,\%lép‘gllta phase

" lock | oopSEfdte frcton2Senertest i Sﬁ?f’é?fﬁ‘%ﬂ“é‘t"a fhougentfie basgse ole 10y lengff e g
to |nterB@Iate the next data sanple pulled fromuser data buffer 240.
" This prot®38 i b ysepelataquodesningssyetbmisiceives a sesiey ofgampled o@reapronding éo eser data
{ avail abl
L Synchr Om?ezfolrr]l;{@ﬁ a?xf[’ﬂerftlrlésl iaxhﬁle@ Ekféqgc%ﬁ@g%f} s%t?c%gﬁ%zgﬁé’ne fe%lgﬁw@lgentlﬁed along
synchr onw#h agy I?Jﬁtset efsat exhibjted tb%tloeﬁioat &he deta progasiing Sypwae@nammts to receive
frequency, e
ook T ook s ahy e 450wl BkhaN e R wAth LGS iRl dn BT
phase andilﬁ‘arecpae'mdy Tk seraples efapmpihemizetivnl pdtefrid hatessed tdpaﬂa:ltll‘mhé catRAf
In parti n|2| tt al | ows r
somoanat “engyzHER giedt | 4. Bl Ta e oBioR N PRI Pl Pt abRg 10 g
t he dat acmmaredttbu deta:ymmdu Pk o fifigt Mtatfmqmencjrloﬂm Bétweérhﬁe phgdiag slotlt 4nd the
conti nues_t e over rse of the due 1o frequency
o fset B pT BERRE ISt eb G R e e B0 cuf Dogrof grion Reker 10
fr equencyh@fréc@eﬁcwasaha@ gha’g offRe man betiRO tdalARdIBE ik eBM Buency offset



396) where synchroni zation pattern 106 is expected to be found. For
exanpl e, sync A detector circuit 315 may only assert sync A found
output 317 within N and Mbit periods of the end of servo data 104 as
determ ned by a window signals circuit 390. Wndow signals circuit
390 may receive a sync A found signal 352, a preanble found signal
392 and a sanpling clock 394. In this case, N may be the |l ength of
synchroni zati on pattern 106 | ess a small nunber of bit periods and M
may be t%:ﬂ]@ﬂ‘%rrﬂheq;unﬁm%ﬁﬂ‘d FalsdrQRtaRakideron, W@cﬂ&ﬂzﬁe@mﬁﬁﬁfr&qu@w}b
of bit perlods By limting the window1n this way, false positives
on sync #fFbimphaigosiet gy bepryyidsd to axrive gorsetien lopp matuding agigitel ﬁmsfylock
sync B dpbpekalt el bioides %mgﬁ@%%ﬁ&@aaﬁ@gwﬁg AP ber Wed B ﬁmli?

pattern to determ he whet her hroni zat i on att

When syn ni ern 11 B found QUi it
3271 o QBT AR B Ch Rabloly O GENE o ol P e BB Y
aI I ows amsmnmulmtmse@megoﬁmmSaLﬁem&n S2Vo ttd Rrkiondisdedvwimiadcosirdaglow

(i.e., r assef tjon of nc. B wi.n si gnal ere ,
Synchr ont o P HHishS BRbRTRR 3tsPs SRS, Bt Brai gt d0S sl Ao revon
sync B dHI2€fBﬂNedeyrs€1Nb datd 2 64.MBvOMtY 1 S S DATbwEYBYEa el QatekoRUtIPOIt U2 data
within X and @/%g periods after assertion of sync A found output

317. In ¥AeR! mw&w Ugusel HEPEPRCHAd BRI B ERAGR A3, preamble

synchr onpa@n 199 iPRik@l Prob@dIcARHeDY DS nrfslmvzeatblqustraﬁ{ch%&atl&qaa&bma06
t he Iength of user data 108) less a snmall nufber of bit periods and Y

may be tR¥NeAPWETEN#5 e ceeionel dRe dercdpRc9R nivitaniafar syastrenization gatigy
synchr onjgah LR dm&égﬁ{nn 0310s8! 448 18 %r@héwea%?*g GhchfniAtibn pa@t@ﬁnqqé (SQW B).
I|mt|ngtheW|nOW|nt|swa?/ I'se posifiVves on sync

out put 3P#higadsegiecaustioniia redativelyismaH amennt of ogudita Bymbe )amft@umdlsw@tput
317 |s p on
cirou t Sag 10 enREl ot Rum MO hidsASPhE O FEBARREOFIBEITT o
t he syncfolowed thercal@t By bubseqietrseryo ath fl 14. dthe dlisttaelqm b&twyenaaydclmrmandresaﬁam

i nt er pol n tlon
circuit g}ﬁqd gngl%h]z?[goc%a%aﬁ%ﬁ%agaﬁ reﬁg%%“ g cto | onOlE:“?(rgtégzll S%%ﬁ R Seiit daatraes
t he rragnlQSucEBebaaﬁuemymvaédata)umd‘oldanpuér cﬁﬂa%e@mleQmémlrmalualt@dclmmﬁmlbn 332.
Thelnput is.dentifi das being cl o

Lo°t he st Sttt B g RERPbIaH SeieB e Rion 61 e SRS b ST B%'

| ocat i onpreﬁnsmcerned? asnddhen leﬁ@tﬁhb@ﬂat@ﬁaﬁqﬁpg he’tﬂﬂéanateLlﬁlﬂcti)tﬁd]'giOB} I(Sj’lt ﬂ&ﬁﬁs By
using o nc A oun ut t he oat|oncan e found within
17 o oV ey oo A TP 0] W e Gt B @ out put 392, he
Iocatlon can be found within T/4. It should be noted that flner

i nt er pol BP31n Ifwse. pdata Peageseay yncpivess swieseol stenlpogoaresneading o kreambim
of the |ggathaieh &%ﬂpm@mr&ﬁrtﬂeg@sa%‘eg Efﬁtf]loggﬁm oPYHEhOni %8% L8 Afhs
phase detection CIFCUI provid ocation as a l|ocation

out put 3dentifiedalong Wit ey W}@mffﬂet @fahthltgfhmdhe loyatiohr dhe data proeespng tystem

106, d f t put
352, 000 s IR Pam RO e S fos il ARRELAA FuShC R PR B DU
to a syn¥yneirbmzelion D?Ffteah bll Ophiarsecivat dibe sanplesi of syrichrotegtiongratiend 18 arf/uged

| Nt er POl @lidcdinhd bldon 3R LB Paph 71 Jgsrhquenﬁfgflo%t%yé put 327

based on aeﬁ rate uency provi ed out put
337 to sgynmraltwoapatmmsdﬁd ldlﬂase:odrpmedtq dntermmecalphaseaanﬁﬁet ay adre@iency

| ocation h CII‘ U|t 5 co tud

sync B f%fﬁsngn (E:}tlﬁ%%ﬁ} 3‘%“3&%"3‘”“ e?hpo pSU?%JF”%%?‘?ggfh%%QHﬁWaWt h
t he gr eagatisin 186gmd dyactaonisatiod @artdri il HO m fﬂaqmemgy clfesasiphhs dfiRe mgibdaked
| ocati on_of nghr oni zati.on att 0, t.hi.s .| ocat is stored
as the |8&sk°ﬁﬁ%tﬁ%8fp%§§?r?8ﬁfr8w ot ﬁétjbetsqlﬁ? qﬂfomtlﬂd)éﬁH?rlo‘i‘fwr}&éﬁrﬁata&w
sync b f m9ndhediaudtediaifial &&@eh@qﬂsemd Redle Bfsel MUPBe Yol iakdtokhZrror
however, by additionally using interpolated output 337, the | ocation



Expected Di stance As an exanpl e, where the difference between the

| ocation outputs is 257.1 and the expected distance is 256, the

cal cul ated frequency offset is 0.00429. This frequency offset causes
t he phase offset to change slightly for every sanple of the user data
that is taken. [0044] Frequency offset 362 is provided to an initial
phase offset estimation circuit 370 along with | ocation output 342.
Location output 342 provides the |ocation of synchronization pattern
106 t hat r e fr ency offset ..362 is
zero, sa rcr% %ecﬁ&({\ H) S‘ungé]eutd%évgt(}lé]%g a/se locm%% cn‘cmtef Ipll:?éf dje%re-s?fnﬁpil%/é% di ng
IT to eamhmgdamﬁﬁﬁwvbmﬁampmer&ﬁaw@mngO@ron1Iocatlon out put 342.
However, as nentioned, because frequency offset 362 is often

non- zer o,[003bE IGﬁHfg&SYlgOﬂc 9365 PEMAQ0S QABEIS FQ\CRRanked B ERbTEAGn fEdiRely
errors due to an inability of the error correction | oop to adjust for

a si gni f PRAETHSEY G e@PnyHEoseddrbvast sepvpifase reglopyis shroyn ifepeaaqancenyith various

correct thRbsdimbfiSatas gaéséat ﬁﬁéﬂnoﬁ SRedidn e84l 10Y icMdbd @br @a%%gion 102
estimatign circuit 370 to cal culate an accurate phase offset 372

cor r esporliogd Pyseriedaa Fik Ssaivglaia 164 isfoleweddtya usgslataThgion hbls dser datret
b I

Griser 307 o ecuhDumESPUABRLTPY et BB, POt SRt (9T bR

wher e Bi patRgr | Bds wrigen. Ryeanird patteut l%ns foﬂewdia}sﬁfgtewm«nmmOmpat@m 106

out put 3 4 [ R0

diuaglrjam ﬁ%’(g@gﬁg g\{l‘)lﬁtl@ é’nlda\a}sgr dcéa?a re 1%9 ?QQS ] In}%s{: céassgs, e ove éllllqen i chfﬁ.l S d% égglon

| ocat i onlbFissy Bimtbatluzeamﬁtwn spa;htoerzatmon:l;@fierniw&lld kestilt imean dneccapstelﬂe lemel of
par t1 cal areteh P bR IR PR e R p P i

sy '?(r:] hr 02 t@ameAmgat {mlmytvmutd o8 proetieiahgh, deplre oSacgmad)ft Ilﬁetmih apiasy mdtgd gll%le

ei t her nc etector circ or sync ect or c| ui is
rel ative Vc‘lrtngat@i‘é’é TRE "?f/#t“ﬁ'lp “f%ya‘fsier tap]a@Et RRS 1(9§t' %‘He‘{ﬂ)’r ing a
user dat autsyguentRadyd €4ts | pLAddabe $ABhrbiigatdh giekn InyHlrsBl MMiséladiabygii tiger
Sync Ad ircuit 315 or, sync B detector circuit 325 increases.

tector
Dur i ng ugb‘?“eﬁﬁ'tba‘%g‘;?ﬂtc"fﬂ&’tpcr%“?ﬁt "b‘é’f‘f‘% a Jelgively; sherbHsesdsin regionds ettt is less

circuit aﬁﬁﬁoéhﬁmﬂﬁ(ﬂxdﬁh%ﬁﬁaﬁ[§kﬁ git 325 provides nultiple levels
correspondi ng to sanpl e periods 442, 444, 446 as sync A output 317 or

sync B Ollﬂl)@fﬂt %ng-{@p'lgl ?\é%llo%kglgi@aﬁis&od aé)(?l e ﬁeﬁ,%dngﬁ'l?%d&ﬁ‘( 1%);655@{& 3230

and t(x+1), respectively tion olation chréu
or T/2 i m}@nq@éluaﬁtrld@tﬁ SmChmmzatlfS(iﬁittﬁrms equ@cﬂré&nee Witk S¢mathadmencﬂsﬁﬂ’ the454,

456 and % atio

i nt er pol grr 2l %getilt]ﬁ? %@ %{r}{hfgﬁ tg% 9531 %lr?% '"ﬁlu °t Al erméa?gréem%e

| ar gest icap a@ th@trls astmbinetsbt ioitidl ]ﬂlakmatfnemnéﬁdffsemm uﬂlmlat‘edmy d$y&c based

| ocation 454 is | ied.a i O the s nlzat

pat ter n Eaning bl e mdireons e ele Raiok SR 20 TAR AR pow iy

shoul d belaanppmemga dbhta plheesangcle@& 290 &ﬁhlldé‘aad ey/sieRiehEsdnibl oM thédt 1S

repeated in Sync A 3eg§ﬁ} rCU|t 315 chroni zati on pattern

106 and PHEFIPERF et érst%f— O14 Yoragameqipm &%Pﬁ G PREIOBTIS A2k RseR

110. [ OO#drmhtiorsion®r cleasies sighalfldi DEERB@iSA siphdi2et isqabvidath @M adafog processing
esti,mati on includes subtracting the value _correspondi ng

utlllzed[ TQ@

to the sHART < >AaEdRQYN iytheArternd theputnug nélomca%@s)blqchél%aﬁm@ed toa
exhi bi ti ﬁt@alﬁ}hﬁieﬁmw RatApAFEEhE 5iRal ke AR dLoRERORAAH S Pl ficd signhig7.
sanpl e Ianefo

analog to'digital converter 220 receives amplified signal 217 and converts it to a series of
digital samples 222 each corresponding to a time instant governed by a sample clock 224.

Digital samples 222 are provided to a sync based retiming circuit 230 that operates to detect

10



The difference is divided by two tinmes the nmaxi mum val ue in
accordance wth the follow ng equati on: Phase Ofset = KPreceding
Sanpl e - Succeedi ng Sanple 2* Maxi mum Sanple In this exanple, the
precedi ng sanpl e corresponds to 1/2 |ocation 452 and the succeedi ng
sanpl e corresponds to T/2 location 456, and the maxi num sanpl e
corresponds to T/2 location 454. Kis a normalizing scaling factor

t hat depends on the target where the detector circuits (i.e., sync A
det ect or sy kiiGbdiion }gfm%mqioéaﬁ@%y&h%%ﬁz%ﬁ&p,saueﬂnnqu'afnd%%%)a (Rfn hPA SR ed
to use tdrget information to determ ne specific coefficients used

Wi t hi n t iéiabphiee aidtleguency effsatidR2ghat Treprovadegde 2 digitamiraseil onk lear dirsuip dhids
to the detection targets used in a data detector in the circuit

(e.qg., a[00B4]t einladdidbgdigithhenmpies 822 ae stocd t@a ienwdde beidr 24 alser vate heffds

ar gt 1qBRE SRR b T B 485 R f b BraElte Wi e By P32 1

ar e ei ghtonsreghbbdintehe @ the hesar Giviektedny usef ﬂﬂéll?t]ffe}'lilmis lﬁ@irit@n/ﬁts@-ouﬁner@ory as
timng dia am500|II strates . a_ process .of |?r] oIat%tJr;gghtffer

user dat¥°® ‘H’{ﬂ B4 45 Ut FhgARrE & PaY Pt iuM Postrres y more

enbodi Mk smeiint bh&atPEGSQET inlthy/@eE da@ﬂeglbﬂ upafthe &l s noﬂrdmamfpaaémd@o a
sanpl es each corresponding to respective sarrE}é d0| nts 41),
i

t(2), t(35ysakiqupfor tbf BI)OC%ﬁﬁlag { Semshrarr@t@ﬁ gefen érmbwelzg%ﬁ?pqa%mdﬂ &

i nt er pol girgd r@éﬁnﬁ)hﬂ@ bt 1ﬁteY;ﬁwlla‘t'i%n Epfhé E&QBBH& E‘tgreﬁ Qarﬁﬁflgs P& tHeGMlMataREAGE
of fset for that sanple under the control” of the error correction Ioog

299. [0o%@]s. Paradatg 22dismuled ’@om aser da/butfer g 8 pndmovidedyo amaulidplive eirad 2
accor dangg: whih % ol oo ﬁg@gd;, or
processi ng 1tgjvts)er0 at% sfg/e% r8 | zat |%Eﬁ&%gstﬂtr“ﬁ%gbgagﬁlﬁq%ctér%gmqﬁgﬁgi
of f set aeiipid 2phagan ficfos @49 is vaddde gramewrepliantthatdy dpplied lervbuetit mengain ofor
the pres&qﬁe n'ﬁf‘égnl upglrcu’: Obg%\ﬁﬁtﬂ@l hl%ded %glf-l gglgtor rc%?trZ Sﬁlawnte olat S
digital sanples®is recelved and cohti nuous erie e erm ?
a new r eadpyi2éCeessd itme agphasetskidt (ubiuo2¥ iﬁcﬂﬁ)hglthlrphmrldmkducbramccmt £3i.s
determ ned whether a user data field is started in which

synchr onjogss]g Iﬁ&tpfo&itd?&u&xﬂ&iﬂ@r&&dds@ﬁ alt@folatehowpur 52 &Sze@lgltéll(ﬁggé infwlsef

a read gate signal_Jjndicat C i n_user, tafle ds th
read proleERoEs é?%‘??téﬁov(‘ S&?ﬂte@%ﬁwﬁé ﬁ\%ﬁ@f Riterimpy ?@al?ﬁﬂﬁ%ﬁltef 05§
queried ggy Heedn@rdignaeﬁmmé Qﬂisefﬁltfai KrfplvnU e aftaliPsobietasek Qdigltal finite impulse
synchroni zat i on pattern s found (block 615 At the sane tine

that theSPRfgR ST Fexisap gdaa@v%@lteﬁaé?wao‘w theyat. 14 paselingorreatipnvalug Re9

recei vedlsqé&eat@ﬁrméce&man@sﬁbpa&&hdhoc@u;@@crm ParPblff 8 Ped DB QCHN635) .
[0049] Once synchroni zation pattern 106 is detected (bl ock 615), the
| ocat | onCasRCtiGaeyaliiy 25 isomprable toremexe enyrPC p&ses at panfosm ety ether nsedsd daseline
(bl ock 6 hi

i spl ayed Faioh! ShARLe pRANG P Mo RS ARPIER Y SLRR B ER M 070,

Al t er nat Petedtyr, cnmwezdbwt hecamy datpctbiecieit Enovimie dheusi inguding b@tlimélhmnted to a
approach f I 0

Choe oy n R8s ok B8 Binior o BERRE bagk) Bt SR RASHE R i bliBha
(bl ock 6QEPWAH ialpwkdeazcﬂa targehﬁltqéﬁD gut phvidesy thaget cslanqbﬁ% andtoquibgiiabd

oot n DEEPEL7 o B ) Ot e PR BTS00y

synchr onfilzaknom jnale &t thati is capable uf anéotmarpdinstipme mda tértgbto dk S(ﬁ’ﬁ@t)aseSTfatﬁt

may be d th roach.ara hlcall ed i.n Fi
o descls2il ey Gp RARARCRRE BbAG G BB W Ml JEaBRElE
of synchtaaris mmtdfamumaéﬂce‘wmluas&&s@w 16 dphivap hajadt kﬂgﬁlalﬁ:&ﬁaieabcfk 1ddcircuit 235

established, a fre of fset is calculated (block 640). This
frequenc§Ps H?@afheﬁg@ ggﬂ?ﬂ?‘&[ﬁ'iltaﬁr/@d in accordance with the foll ow ng
equat i on:
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Frequency O fset = Location of Patternll0 - Location of Pattern 106
1 . Expected Distance The cal cul ated frequency offset may then be
used to calculate an initial phase offset (block 645). The phase

of fset may be cal culated in accordance with the foll ow ng equation:
Phase O fset = Location of Pattern 106- (BitPeriods)Frequency Ofset,
where Bit Periods is the nunber of bit periods between the | ocation
of pattern 110 and the | ocation of pattern 106. The cal cul ated phase

of f set 6166’36{] " G Ugdiroh, 9&&&%2\’ ro\iGedT6Y dLiBCOdAG 258 ﬁflt 1@5!-. ae Fagréce(output

correction Toop to Iinterpolate the earlier stored sa

650) . [ G031 Pempedrutpyt 267 lspgtput7262aieby@raagtmoslyt@pempmbng mhmtdnﬁgqmrqdead
channel | ther

o omecs AR Sl o Rdbal SYRCREAN ER S ARBAS! SlSEIANT et
t he preseput 2ieadtargn ouitioridge digstdamtide®y rhay biequitf2G5. @mtgetmuq)ut 282har d

di sk drive. St S al so incl ude er

Tt or § kSRS Ry S ET T PP YRR yfor g 28T,
Con'a/r ol hatue 726“81; p@oﬁdﬁdﬂdﬂ@tﬂgbﬁﬂe ]Jclﬁoop&lﬁulsmmlﬁr% is uﬁ&ﬂalo@”kdlt}ﬁtabie
read/ writ 776 di sposed i ation to,the pl at.ter.

oo T oA ol ThesEmRE e 3 Lt BB g Rl o 230 i ghould
t o/ f r omidingled fHaérk R lcorfdcdion &@ﬁ 2dafram@pili 349 19 bBdst SHift ShghuCIBTSiIng} Se dhe
groups of gnetlc signals that may be detected by read/wite head

assenbl yVit@hsiRER HECEadeqis WW%'“;W%@PW%@@%W piTaesivn@initig] ghase and

platter flfflenc) BrrRRe32MRRG:MRAhg oﬁ’érﬁlﬁnmlaﬁhtuﬁiin the feckiNE&d HHHRE. T@%ﬁtcb&s
signals recorded in accordance with either | ongi t udi nal or

per pendi<gl egrectiandeer? 49gnaydisdhresamg seros mqemndgon@émtlaatneﬁw@m @hgng ona
separ at &g sy R il dkernl NE USer data regions may include two
synchroni zat | on patterns simlar to that discussed above in relation

to Figs. [0637?1 II:ILO]QEI‘EIUOI‘I, data input 205 is sensed from a magnetic storage medium and processed
into digital samples 222. Digital samples 222 are sequentially queried to identify
synchronization pattern 106 and synchronization pattern 110. Once synchronization pattern 110
has been detected, an expected distance and an actual distance between the two is used to
calculate initial phase and frequency offsets 232 as is more dully described below in relation to
Fig. 3.

[0038] While awaiting detection of synchronization pattern 110, digital samples are stored in
user data buffer 240. Once synchronization pattern 110 is received and initial phase and
frequency offsets 232 are available, initial phase and frequency offsets 232 are provided to
digital phase lock loop circuit 235, Initial phase and frequency offsets 232 may provide a phase
and frequency offset to any bit within those stored in user data buffer 240 where processing is to
begin. In some cases, this is the initial bit in the user data region from which synchronization
pattern 106 and synchronization pattern 110 are derived. At this point, data samples representing
the user data region are sequentially pulled from user data buffer 240, gain adjusted and
interpolated by interpolator circuit 250. The interpolated data is processed through detector
circuit 265. For each processed bit, error value 287 is generated and provided to digital phase
lock loop circuit 235. Digital phase lock loop circuit 235 generates an updated phase offset for

each bit. The updated phase offset is provided by digital phase lock loop circuit 235 to
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[0052] In a typical read operation, read/wite head assenbly 776 is
accurately positioned by notor controller 768 over a desired data
track on disk platter 774. Mdtor controller 768 both positions
read/ wite head assenbly 776 in relation to disk platter 774 and
drives spindle notor 772 by noving read/ wite head assenbly to the
proper data track on disk platter 774 under the direction of hard
di sk controller 766. Spindle notor 772 spins disk platter 774 at a

det er mi @ﬁ%pgagﬁopcﬁc%as@gﬁ%h-is@ £ IRAMAL it e BRd BRACERIN 16hfbsbiata

positione acent t proper data trac magneti c ‘si

r epr esemtffarg4datlais process skeepdatet! fareadtifnt efiugersietad 88 abd whasa alyailable, wsdrclatd
assenbl)ilgi756 o%%sngSk platter 774 is rotated by spindle notor 772. The
sensed magnéjfl C Si'gnals are provided as a continuous, m nute anal og
signal r sentative of the .magnetic. data on.di sk pl er,774. This
i nute P00 S igha I SetrcRigrE PP (o b LA FEPRAA S SERBPYEPE
to re«'gfl ez NE) ltqmdmlaﬁ-. tRd thittall BhaRe aﬂrﬂﬁl qhéﬂcgblffzemerrwﬁawiohﬂdc@gﬁzo i's
operabl e to. anpl.i the m nute anal og signals accessed fromdis

pl at t er o el se IpgalaoR isian ﬁdﬂﬁ?gﬁmaca@e@@_ég&a%a_ﬁaf@*f PASS

t he recghypehuenty! Pdats kaRAts fulled 86 @ ath Berrénkor I]ﬁiahibﬂlaﬂru‘sgbfrhasliﬂg‘i’e
witten to disk platter 774. This data is provided as read data 703
to a rec¥ichiongingiprtun ellovfopspmevbat agatgePeigmirasiop aExPRASYONSSt or mat i on,
read chagnel,jidub the G40 & HhOLAB&liLiRS pARH. GEIvieIs:, ﬁ@?ﬁgegﬂﬁ'loﬁthﬁes to

| ocation of "the first synchronization pattern and the second

synchr oshange pon theapviss of t8¢ wict data dus te Fraquea¢ysefisss didros bovastipmlopp Bt i on
to Figs - i i i i i of the
pr eced: Auigs g blthc K BRRBCIR I o5 WhLAY Al BRRARLE B °) o
channel imggdelhter dcdit 2Thiosaccamafor Bletfmewney_'mfmwdamdffwﬂop phase plsad bwdt
platter tiZq7.4ngeQeotﬁéﬁ‘e({uﬁn%Od}%Lta§kigﬂﬁcatnp?he' e?x%??&rl'e%ﬁonol%gﬁl tébelﬁagﬁr%\(ﬁé able to
systens, devices, nmethods and arrangeénents for accessimng a Storage
medi um radhvdrevidiet Bicleatkpeeisesultpigi indda efroronBy osingnhe eccondodtiremtaioof t he

i nventi on have .bee iven ve, variou | ternati.ves, nmodifications,
ond equi it bR sAE et b B R bR i FRpsBBE R Koo
varyi ng ubgdaocdrieetl s pdjiist hotahlyt thephasy effdei, b aldoqlie RKANPEREen@MoWIng B e@ror
enbodi ments .of the present .inyention be .applied.to varijous data
st or age °8y&t woaﬁ’aﬁldi“giﬂeeaqlglt%mﬁﬁﬁ ogl foioB furaiyidp Biei duigklplomkto thigptiase and
exanpl e freh @Ry sREOIA Ng systens, optical disk drives, wreless
systens, and digital subscribe |ine systems. Therefore, the above
descri ptan Shemhd ks, DS dikGRgREn bf dBrbdc8Gnd §8icRiCRB®aP hrobddes user data

i nvention, which i's defined by the@g&pended clainse. Cdains: 1. A
bi t densynchroafzptias parernsipstddm frequenecaffsat ek y phass O8se iiepcerdarce gathgome
derived i t 8 ri Sl g 18.:Str

et um e S SEREGR-AE R Ty, PScaXRl RGP hILATS ol BB Hpuie

i ncl udesesponss Ehtercd? ¢hat egeives,a dardnmit er@mB3dhed poeidedatiberedegitpn 312.

B e I R e e

st or age ahdifisfegadapties pssi that tWeee detioedayethb pfibresectbs digital dinite itmiscecsponse at

least a 1’1li)t(e::)rr3I liO%]ay%]:a anjp gigﬁeﬁrﬂinﬁg re%]];ongg i known in the art. Filtered output 312 is
provided to both a sync A detector circuit 315 and a sync B detector circuit 325, Sync A detector
circuit 315 compares the received input with a known pattern to determine whether it matches
synchronization pattern 106, When synchronization pattern 106 is detected, a sync A found
output 317 is asserted. In some cases, sync A detector circuit 315 only allows assertion of sync

A found output 317 within a defined window (i.e., during assertion of a sync A window signal
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aretimng circuit, wherein the retimng circuit is operable to
calculate an initial phase offset and frequency offset for a defined
bit within the storage buffer using a first location of the first
synchroni zation pat tem and a second | ocation of the second
synchroni zati on pattern, and wherein the retimng circuit includes: a
first location calculation circuit, wherein the first |ocation
calculation circuit is operable to determne a first |ocation

corres p%ﬁ@ WArd sgméd?&u%al% bi Eat YD ey OB g&c’li ey 'irE} ex% ? %ﬂE‘A' REAGEoN
cal culation cir e sec ocatl on ca n circult

i s oper abbwst 316 lmbertoam’ﬂsmt samsécfmmd outpotl li7ovithinoNraed thdpamﬁ of théend of
S.econq Ss. rQ,CMtg %42 ef% ml’%a& lg eg \Q/inda fs{ eﬂlsjglnc%}/t 39{)f %\gndag\%l na[s‘%}rc@ p 390 m
circuit, erein fre ué% OF T S R&fTtrati oS 'S operéﬁle
to cal cmécatve aaylfcrkfpnedl mgnabﬂﬁxatprdamwomd dignalsi92iand paartiplog cickle394. rist

o v L iR o fed RO el S Ron 2R 3Rr 1 b B e PRMGTpba Bl pgriods

cal cul atagd mnaﬂbetthalengh asgynolirbsiedtion paesn 806 HeBsimalmupebet ofbit pteh@ds By
frequency [ [

of f and an errqQr correction |o ircuit rein
error coMdte ﬁ%wmrisw iy, flse lsepogiphess aprEeybigind Quipp3d7 m&ﬁg é‘“FP%@Q %1
data fremminfaRdSERMiRAS, LS BAetebasatuRE23 @afarek FheRadelve® Mpubwith Alddval
phase of fset and a frequency offset. 2.. The system of claiml,

wher ei n PaaTE iR dstcrmge thether 1&@6@%WYWT@€@“?'“SP3&6V% 1P Witep synghispigatignt n
the fol la-ng)EQduatdQna sylal fRhMoutput 327 is asserted. In some cases, sync B detector

circuit 325 only allows assertion of sync B found output 327 within a defined window (i.e.,
during assertion of a sync B window signal 398) where synchronization pattern 110 is expected
to be found. For example, sync B detector circuit 325 may only assert sync B found output 327
within X and Y bit periods after assertion of sync A found output 317. In this case, X may be the
expected distance between synchronization pattern 106 and synchronization pattern 110 (i.e., the
length of user data 108) less a small number of bit periods and Y may be the expected distance
between synchronization pattern 106 and synchronization pattern 110 plus a small number of bit
periods. By limiting the window in this way, false positives on sync B found output 327 may be

reduced or eliminated.

[0041] Sync A found output 317 is provided directly to a sync A location and phase detection
circuit 340, and to a T/2 interpolation circuit 330 that interpolates the sync A output 317 based
on a half rate frequency and provides an interpolated output 332 to sync A location and phase
detection circuit 340. Sync A location and phase detection circuit 340 compares the magnitude
of sync A found output 317 and interpolated output 332. The input with the greatest magnitude
is identified as being closest to the actual location of synchronization pattern 106, and this
location is stored as the location of synchronization pattern 106. By using only sync A found
output 317, the location can be found within T/2, however, by additionally using interpolated
output 332, the location can be found within T/4. It should be noted that finer interpolation may
be used to allow for a more accurate identification of the location of synchronization pattern 106.

Sync A location and phase detection circuit 340 provides the location as a location output 342.
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a second |l ocation calculation circuit, wherein the second | ocation
calculation circuit is operable to determ ne a second | ocation
corresponding to the second synchroni zation pattern; a frequency

of fset calculation circuit, wherein the frequency offset cal cul ation
circuit is operable to calculate a frequency offset based at |east in
part on the first location and the second | ocation; and an initial
phase offset circuit, wherein the initial phase offset circuit is

oper abl esjt® upé i@bﬂtﬁfc@tlcﬁirbf'sﬂcB}oﬁlzatmﬁapiﬁeerlt)§ eatdeaa.%%sin@,& fhR@StraditBspar t
on the frequency offset; and an error correction |loop circuit,

mherelniﬁﬁﬁséﬁﬁ@#\ﬁwﬂ¢@@PW6ﬁ2Ioop circuit is operable to re-sanple
the series of data fromthe storage buffer based at least in part on
t he i ni t[0@42] pifimidarhf §i3etB fanct eutput dglLispoyidef Thretly to a fyncFhlecatips tiedphese
claim1l <yl t he fre uenc

cccor darebeRrrc e s rfin g b RRFOR S A Shb o ERB sk 2 oy

first | aQdabased oh béalf regfiemeycyehll peivides anlintetfodatdli witpan 8% to sync B location
and phase detection circuit 345. Sync B location and phase detection circuit 345 compares the
magnitude of sync B found output 327 and interpolated output 337, The input with the greatest
magnitude is identified as being closest to the actual location of synchronization pattern 110, and
this location is stored as the location of synchronization pattern 110. Again, by using only sync
b found output 327, the location can be found within T/2, however, by additionally using
interpolated output 337, the location can be found within T/4, It should be noted that finer
interpolation may be used to allow for a more accurate identification of the location of
synchronization pattern 110. Sync B location and phase detection circuit 345 provides the
location as a location output 347. By picking maximum cotrelation locations for synchronization
pattern 106 and synchronization pattern 110, the process is tendered largely insensitive to gain

variations.

[0043] Location output 342 and location output 347 are provided to a frequency offset
calculation circuit 360. Frequency offset calculation circuit 360 subtracts the value of location
output 342 from the value of location output 347, and divides the result by the expected distance
between synchronization pattern 106 and synchronization pattern 110 to yield a frequency offset

362. The following equation describes the process:

Location Output 347 - Location Output 342
Expected Distance

Frequency Offset 362 = —-1.

As an example, where the difference between the location outputs is 257.1 and the expected
distance is 256, the calculated frequency offset is 0.00429. This frequency offset causes the
phase offset to change slightly for every sample of the user data that is taken.

[0044] Frequency offset 362 is provided to an initial phase offset estimation circuit 370 along
with location output 342. Location output 342 provides the location of synchronization pattern

106 that is accurate to within T/4, Where frequency offset 362 is zero, sampling of user data 108
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3. The systemof claim2, wherein calculating the initial phase
offset is done in accordance with the follow ng equation: the initial
phase offset=the first |ocation-N - periods) the frequency offset,
wherein the bit periods corresponds to the nunber of bit periods from
the first location to which the initial phase offset corresponds.

4. The systemof claim1, wherein the first |ocation cal cul ation
circuit conprises: a synchronization detector circuit, wherein the

synchronizaf aegjarfgﬁﬁe%:y%rm,ﬁ%gmg 1T 8& eg&esru@&Fs‘?vetsgm RLBCEna fifn Toicg\xcﬁh output
synchr onl zat1 on patte n, a a ocation calculation circul t, erelrn
t he | oca?¥42odlovaberudsaninginnat, besaise ficgleanay effsst3QR iF olteutricorrewt thamequeacy he

fi 0N ' , ' . \
det oct of 01 Qo ¢ AR RGN R AT B By ISP e At W oor
| ocat i ontogdjustibied significint nitiat pliase offret andmbedqeesy. of&el/Td dontertie| i@ty

' it, i he TL2.i | ati ol [ I t I d t
aca t1 onIREuPit P B eRieE R r B el 57 1 frsPlR SR phaShctSro
synchr onéct@ipoatingad the first vanspldefieatdan 108NThephasuatthet may be calculated in

accordance with the following equation:

Phase Offset 372 = Location Output 342 — (BitPeriods) Frequency Offset 362,

where Bit Periods is the number of bit periods between location output 342 and user data 108,
[0045] Turning to Fig. 4, a timing diagram 400 graphically depicts the process for determining
the location of synchronization patterns 106, 110 that may be used in accordance with different
embodiments of the present invention. In particular, in a period 410 before the pattern
corresponding to a synchronization pattern is received, the signal level provided by either Sync
A detector circuit 315 or sync B detector circuit 3235 is relatively low. Once the synchronization
pattern is detected during a user data sync pattern period 420 the signal level provided by either
Sync A detector circuit 315 or sync B detector circuit 325 increases. During user data sync
pattern period 420, either Sync A detector circuit 315 or sync B detector circuit 325 provides
multiple levels corresponding to sample periods 442, 444, 446 as sync A output 317 or sync B
output 327. The levels correspond to locations, t(x-1), t(x) and t(x+1), respectively. In addition,
T/2 interpolation circuit 330 or T/2 interpolation circuit 335 interpolate T/2 locations 452, 454,
456 and provides levels corresponding to the sample locations as interpolated output 332 or
interpolated output 337. In this case, the largest value corresponds to T/2 location 454, As such,
the T/2 location 454 is identified as the location of the synchronization pattern being processed
(i.e., half way between t(x) and t(x+1)). As should be appreciated, the process graphically
depicted in Fig. 4 is repeated in Sync A detector circuit 315 for synchronization pattern 106 and

in Sync B detector circuit 325 for synchronization pattern 110.

[0046] In some cases, a fine phase offset estimation is utilized. The estimation includes
subtracting the value corresponding to the sample succeeding (i.e., the sample 1T later) the

sample exhibiting the maximum value from the sample preceding (i.e., the sample 1T before).
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6. The systemof claim5, wherein the |ocation of where the first
synchroni zation pattern was detected is wthin one quarter sanpling
period of the actual |ocation of the first synchronization pattern.

7. The systemof claiml, wherein the retimng circuit conprises: a
wi ndow signal circuit, wherein the window signal circuit is operable
to identify a first wi ndow during which the first synchronization
pattern is expected within the series of data, and wherein the w ndow
Signal  GhpGHicl 0.1 = ti . ,  ch
he secons et SARSLARN A b Al g B e SRR e R R TN
dat a. eq@atiofhe system of claim 1, wherein the error correction |oop
circuit conprises: a digital phase lock |oop circuit, wherein the

di gital phase_ﬁock 00p CRrecudide Saeple-\Baccebdigg Sampld al phase of fset and
the frequency sel 3 PFOVid85,,3,h), 5.RRs 1 0d by bit period updated
phase shift output; and an interpolator circuit, wherein the
Interpolatqr circuit inferpolates the, serjes of a accessed, from
the storlgus Pl the preceng oy sSpaEsendYt arlprtien gﬁ#@déﬁw%@g@gr i es
of data @mERTEQEpbIRM Thaostieh 29 akitht RaxihtinBdhblcRbhreho R 8 T8 bEtion

correction factor prior to being interpolated by the interpolator .
ci rcui t 454 Kis anormalizing scaling factor that depends on the targét where the detector circuits (i.c.,

sync A detector circuit 315 and sync B detector circuit 325) are implemented to use target
information to determine specific coefficients used within the sync detector circuits. The target
information corresponds to the detection targets used in a data detector in the circuit (e.g., a
Virterbi algorithm detector, or a low density parity check decoder). As an example, where the
detector circuits are two tap target filters, a K value of 0.9994 may be used where the two taps

are eight and fourteen, respectively.

[0047] Turning to Fig. 5, a timing diagram 500 illustrates a process of interpolating buffered
user data samples that may be used in relation to different embodiments of the present invention.
In particular, a number of data samples each corresponding to respective sample points (t(0),
t(1), t(2), t(3), t(4), t(5) and t(6)) are shown, Each of the samples are interpolated by a delta
value corresponding to the particular phase offset for that sample under the control of the error

correction loop 299.

[0048] Turning to Fig. 6, a flow diagram 600 depicts a method in accordance with one or more
embodiments of the present invention for processing user data synchronization patterns to yield a
frequency offset and a phase offset in accordance with various embodiments of the present
invention. Following flow diagram 600, a series of digital samples is received and continuously
queried to determine if a new read process has started (block 605). In particular, it is determined
whether a user data field is started in which synchronizing patterns are to be located. In some
cases, toggling of a read gate signal indicates a change in user data fields. Where the read
process has started (block 605), the input data stream is queried to determine whether a first user
data sync (e.g., synchronization pattern 106) is found (block 615). At the same time that the
input stream is being queried for the first data sync, the received data samples are stored to a user
data buffer (block 635).
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- 10. The systemof claim38, wherein the error correction | oop

circuit further conprises: a data detector circuit, wherein a
detection algorithmis applied to an output derived fromthe
interpolator circuit to yield a data output, and wherein the bit
period by bit period updated phase shift output provided by the

di gi t al
out put .

phase lock loop circuit is based at least in part on the data
11. A nethod for processing user data derived froma

storage B U%nc%@?nc?ﬁ)tdnat fo FHB 196 %ete@(e@\’lﬁl&‘dkﬂﬂ S?tll%tIQJaﬁ&?oﬁﬁg' um

i ncluding a 'series

erein the series of ‘data I ncludes a

user datsynetegpiization anittrmiserlonlaicd bl steved (bitwk &20)e dihsmayrbeldatkessing the r st
synchro ”@é@#@% @ﬁéeatng {d?&g @9&'1 it Ffﬁea%&besax@ AL 8@&%]&&% Feoalig %ﬁs‘g 5!’83 cat ed

a di stan

synchtoni zat1 on a from

t he st or Aby@nativeiyuhe amticmtrmar}n egleteheinedging dny gtisemppwcbknq}wat ia theeamtfbe s
to a st Ol %gﬁfggﬁ%i?cla égrﬁéf%rsggngf "Bhed sync[xromzat?o%apta%tecm 18§ istdgt%ct];:(.!l gmsdtits location

synchron

stored (block 615 and block 620), the series of digital samples is queried for synchronization
pattern 110 (block 625), Once synchronization pattern 110 is detected (block 625), the location
of the synchronization pattern is calculated and stored (block 630). This may be done using the

approach graphically displayed in Fig. 4 above and described in relation to Fig. 3 above.

[0050] With the locations of synchronization pattern 106 and synchronization pattern 110
established, a frequency offset is calculated (block 640). This frequency offset may be

calculated in accordance with the following equation:

Locationof Pattern1 10— Locationof Pattern106
Expected Distance

Frequency Offset = -1.

The calculated frequency offset may then be used to calculate an initial phase offset (block 645).
The phase offset may be calculated in accordance with the following equation:
Phase Offset = Locationof Pattern106 — (BitPeriods)Frequency Offset ,

where Bit Periods is the number of bit periods between the location of pattern 110 and the
location of pattern 106. The calculated phase offset and frequency offset values may then be
used by an error correction loop to interpolate the earlier stored samples (block 650).

[0051] Turning to Fig. 7, a storage system 700 including a read channel module 710 with a dual
synchronizing pattern user data processing circuit is shown in accordance with various
embodiments of the present invention. Storage system 700 may be, for example, a hard disk
drive. Storage system 700 also includes a preamplifier 770, an interface controller 720, a hard
disk controller 766, a motor controller 768, a spindle motor 772, a disk platter 774, and a
read/write head 776 disposed in relation to the disk platter. Interface controller 720 controls
addressing and timing of data to/from disk platter 774. The data on disk platter 774 consists of
groups of magnetic signals that may be detected by read/write head assembly 776 when the
assembly is properly positioned over disk platter 774. In one embodiment, disk platter 774

includes magnetic signals recorded in accordance with either a longitudinal or a perpendicular
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determ ning a second | ocation of the second synchroni zation pattern;
calculating a frequency offset and an initial phase offset based at

| east in part on the first |ocation and the second | ocation, wherein
calculating the frequency offset is done in accordance with the

fol |l ow ng equati on: interpolating at |east a portion of the series
of data fromthe storage buffer based at |least in part on the
frequency offset and the initial phase offset. 12. The net hod of

cl ai m 11 JMRRE SibBmd %@nl{mams@rm@m st s!e}%@éa mel% daie Thé Rk dota

synchronl zat1on pattern I ncl'udes: detecti ng first sync roni zati on

pattern jegionsypayiaelpdastwefsynchronization patterns sunllar to that discussed above in relation to
Figs. la-1b.
[0652] In a typical read operation, read/write head assembly 776 is accurately positioned by
motor controller 768 over a desired data track on disk platter 774. Motor controtler 768 both
positions read/write head assembly 776 in relation to disk platter 774 and drives spindle motor
772 by moving read/write head assembly to the proper data track on disk platter 774 under the
direction of hard disk controller 766. Spindle motor 772 spins disk platter 774 at a determined
spin rate (RPMs). Once read/write head assembly 774 is positioned adjacent the proper data
track, magnetic signals representing data on disk platter 774 are sensed by read/write head
assembly 776 as disk platter 774 is rotated by spindle motor 772. The sensed magnetic signals
are provided as a continuous, minute analog signal representative of the magnetic data on disk
platter 774. This minute analog signal is transferred from read/write head assembly 776 to read
channel module 710 via preamplifier 770. Preamplifier 770 is operable to amplify the minute
analog signals accessed from disk platter 774, In turn, read channel module 710 decodes and
digitizes the received analog signal to recreate the information originally written to disk platter
774. This data is provided as read data 703 to a receiving circuit, As part of decoding the
received information, read channel module 710 performs error correction based upon the
location of the first synchronization pattern and the second synchronization pattern similar to that
discussed above in relation to Figs. 1-6. A write operation is substantially the opposite of
the preceding read operation with write data 701 being provided to read channel module 710,
This data is then encoded and written to disk platter 774.
[0053] In conclusion, the invention provides novel systems, devices, methods and
arrangements for accessing a storage medium. While detailed descriptions of one or more
embodiments of the invention have been given above, various alternatives, modifications, and
equivalents will be apparent to those skilled in the art without varying from the spirit of the
invention. For example, one or more embodiments of the present invention may be applied to
various data storage systems and digital communication systems, such as, for example, tape
recording systems, optical disk drives, wireless systems, and digital subscribe line systems.
Therefore, the above description should not be taken as limiting the scope of the invention,

which is defined by the appended claims.
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data and asserting a first synchroni.zation pattern found signal; and

determ ning a nunber of bit periods froma defined point until
assertion of the first synchronization pattern found signal

13. The

met hod of claim 11, wherein the data is sanpled at a period T to
yield "1' sanples, and wherein determning the first |ocation of the

first synchro@leimst:i on pattern further includes:

series of data using a 1/2 interpolator circuit to yield T/2 sanples;

i nterpol ating the

det er mi ni ng vhif bitofenaity efBemsnesyterty for saoplatelg plidodssinga maxi mum

W thin a figghk dynabrosd fidrh nstbaidecmediMi o syafsh asphgni ng a
| ocati on of l_i%lc?[orjoleterm ned T sanple or T/2 sanple as the first
PHAE Laim 13 Wge ein determning the sec-
5h B

| ocati on.

f ,
ond | ocat i on %#Of38e REdBHA BGHEHIB A SSHE? |
detecting the sesendf siptecinchidesas i1gar grda tregion] and wdiegemi es

The net,hod .o

the user data region includes a first synchronization pat-

tern and a second synchronization pattern located a dis-

tance from the first synchronization pattern;

a storage buffer. wherein the storage buffer is operable to
receive at least a portion of the series of data;

a retiming circuit, wherein the retiming circuit is operable
1o calculate an nitial phase offset and {requency offset
for a defined bit within the storage buffer using a first
location of the first synchronization patiern and a second
Jocation of the second synchromization pattern, and
wlierein the retiming circuil includes:

a first location calculation circuitl, wherein the [irst loca-
tion calculation circuit is operable to determine a first
location corresponding o the first synchronization
pattern;

a sccond location calculation circuit, wherein the second
location calculation circuit is operable o determine a
sccond location corresponding to the second synchro-
nization pattern;

a frequency offset calculation circuit, wherein the fre-
quency oflset calculation circuit is operable to calcu-
late a frequency offset based at least in part on the first
location and the second location; and

an initial‘phase offset circuit, wherein the initial phase
offset circuit is operable to calculate an initial phase
offset based at least in part on the frequency offset;
and

an error correction loop circuit, wherein the error correc-
tion loop circuit 1s operable to re-sample the series of
data from the storage buffer based at Jeast in part on the
mitial phasc offsct and a frequency offset.

2. The systemt of claun 1, wherein calculating the fre-

quency offset is done in accordance with the following equa-
tion:
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of data and asserting a second synchronization pattern found signal;
determining a nunber of bit periods fromthe defined point until
assertion of the second synchronization pattern found signal. 15.
The nethod of claim 14, wherein determ ning the second |ocation of
the second synchronization pattern further includes: interpolating,
the series of data using a T/2 interpolator circuit to yield 1/2
sanpl es; detem thing which of a T sanple or T/2 sanple exhibits a
maxi rum wi t hin a second synchroni zati on pattern wi ndow, and assi gni ng
a location of the detepatiavad T sanple or T/2 sanple as the second

| ocat i on. 16f f Thtea &.&I&ﬂdo@’fh&h@kﬂ@ﬂll%on‘éﬁ%ﬁﬁ' ﬂfh ?31§H1j;§&89 gthe
B o se e SRR
the frequency of fset. econd oca‘uon corresponding to the second synchro-
nization pattern;
a frequency offset caleulation circuit, wherein the fre-
quency offset calculation circuit is operable to calcu-
latc a frequency offset based at least in part on the first
location and the second location; and
an initial phase offset circuit, wherein the initial phase
offset circuit is operable to calculate an initial phase
offset based at least in part on the frequency offset;
and
an error correction loop circuit, wherein the error correc-
tion loop circuit is operable to re-sample the series of
data from the storage buffer based at least in part on the
initial phase offsct and a frequency offset.
2. The system of claim 1, wherein calculating the fic-
quency offsct is done in accordance with the following equa-
tion:

the second location—

le & Fset the first [ocation |
e frequency offset = - —1.
4 ¥ the distance

3. The syslem of claim 2, wherein calculating the initial
phdse offset is done in accordance with the [ollowing equa-
tion:

the initial phase offset=the first location—(bit periods)
the frequency offset,

wherein the bit periods corresponds 1o the number of bit
periods from the first location to which the 1mt1a] phase offsct
corresponds.
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found signal. 15. The nmethod of claim 14, wherein determning the
second | ocation of the second synchronization pattern further
I ncludes: interpolating the series of data using a T12 interpol ator
circuit to yield T/2 sanples; determning which of a T sanple or T/2
sanpl e exhibits a maximumw thin a second synchroni zati on pattern
wi ndow, and assigning a location of the determned T sanple or T/2
sanpl e as the second | ocati on. 16. The method of claim1l, wherein
calculating the initial phase offset is done in accordance with the
fol | owi ng equat i ord. Thesystemicficlpinad ewikfaintthe fiestlocation caleti on- ( bi t
periods) the frehtienayrafifcahprivéerei n the bit periods corresponds to
the nunber of Dbit PeyiSnizhAGh Hakcldr Shcdif SAldreh 2 WELDShe
initial phase off Setza?igglrc%?@c%rdéircuit is operable to detect the first syn-

chronization pattern; and

a location calculation circuit, wherein the location calcu-
lation circuit calculates a location of where the first
synchronization pattern was detected by the synchroni-

zation detector circuit.

5. The system of claim 4, wherein the first location calcu-
lation circuit further comprises:

a T/2 interpolation circuit, wherein the T/2 interpolation
circuit provides at least an additional point from which
the location of where the first synchronization pattern
was detected can be found.

6. The system of claim 5, wherein the location of where the
first synchronization pattern was detected is within one quar-
ter sampling period of the actual location of the first synchro-
nization pattern.

7. The system of claim 1, wherein the retiming circuit
coniprises:

a window signal circuit, wherein the window signal circuit

15 operable to identify a first window during which (he
first synchronization pattern is expected within the

! series of data, and wherein the window signal circuit is
operable to 1dentify a second window during which the
second synchronization pattern is expected within the
series of data.

8. The system of claim 1, wherein the error correction loop
circuit compriscs:

a digital phase lock loop circuit, wherein the digital phase
lock loop circuit receives the initial phase offset and the
frequency offset, and provides a bit period by bit period
updated phasc shift output; and

an interpolator circuit, wherein the interpolator circuit
interpolates the series of data accessed from the storage
buffer.
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17. The method of claim 16, wherein the bit periods correspond to a
nunber of bit periods between the beginning of the user data region
and the first |ocation. 18. A storage system the storage system
conprising: a storage nmediumincluding a series of data, wherein the
series of data includes a user data region, and wherein the user data
region includes a first synchronization pattern and a second
synchroni zati on pattern | ocated a distance fromthe first

synchroni zati on tt rea Lte he d ass ed hi
rgl ation to the E Sé; Sﬁﬁa@{ E Lult ]I(ﬁ;l,(f rsé}f*f O%O\Aﬂi%t?el n the
read channel ci ra(:ﬁ?*t"e drypdhapsiasage bulee isauitiplichhng giaﬁbﬁ@f"derl ved
from the read/ wreetéorm&atonpsents pennigamterpoiaepbidbe tintetprdater i es of
dat a, and wher eicirctiite read channel circuit includes: a storage

buffer, wherein the %@rﬁaﬁaﬁt&f&mm% ORBEARL fhd BrbECBINRLiBh |east a

portlon of the e iffing circuit, wherein t
retimng circui ﬁ&% ﬁCB &E%Cf}gpgg Feul.ate an initial . hase and

frequency of fset fid-?a?g 1351 QLG W]teﬁ‘?lﬁﬁl‘iigeé:ﬁlﬁla{igoﬂ HRdE using a

first applied to an output derived from the interpolator circuit

to yield a data output, and wherein the bit period by hit
period updated phase shift output provided by the digital
phaselock loop circuit is based at least in part on the data
output.

11. A method for processing user data derived from a

storage medium, the method comprising:

providing a storage medium including a series of data,
wherein the series of data includes a user data region,
and wherein the user data region includes a first synchro-
nization pattern and a second synchronization pattern
located a distance from the first synchronization pattern;

sampling data from the storage medium and storing the
resulting series of data samples 1o a storage buller;

determining a first location of the first synchronization
pattern; '

determining a second location of the second synchroniza-
tion patiern;

calculating a frequency offset and an initial phase offset
based at least in part on the first location and the second
location, wherein calculating the frequency offset is
done m accordance with the following equation:

the second location —

the {irst lovation
the frequency offsel = ~ 1 end
he frequency offse the distance -

interpolating at least a portion of the series of data from the
storage buffer based at least in part on the frequency
offset and the initial phase offset.
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| ocation of the first synchronization pattern and a second |ocation
of the second synchroni zation pattern, and wherein the retimng
circuit includes: a first location calculation circuit, wherein the
first location calculation circuit is operable to determne a first

| ocation corresponding to the first synchroni zation pattern; a second
| ocation calculation circuit, wherein the second |ocation calcul ation
circuit is operable to determ ne a second | ocation corresponding to

the second synchr oniz dlieqnedatitcfiotainl { | wHeRAg MerhfiseinoaRb Gyat i on

circuit, wherein jhRgidy gf f Ef%%%ﬁgn%tﬁhﬁglga%ﬁ'elfl{‘ilfc’]ﬁ(?ééé; It?]%.O]PIGII: 2?' €

fr 0 st.ln pa
| ocation and the sdePe ety WiEBoRaliah boupth Hille Sl
circuit, wherein the 92 AMhPSSEHERA drsisamchrongation patsparfapnd t o
cal cul ate an initial sigmakeandf f set based at |east in part on the
frequency of fset; aotbrafingiy Dnusber e¢ bioperiadpireht £ definedBegi n the
error correction | oogpfi 4&Ritiod é{)ﬁ@%ﬁ@@é ch?oﬁ%ﬁ&?ﬁ!aﬁé& fifgseries
of data fromthe stoggﬂﬁlbuffer ased at” least 1n part on

13. The method of claim 11, wherein the data is sampled at
a period T to yicld T samples, and wherein determining the
first location of the first synchronization pattern further
includes:

interpolating the series of data using a T/2 interpolator

circuit to yield T/2 samples;

determining which of a T sample or T/2 sample exhibits a

maximum within a first synchronization pattern win-
dow; and

assigning a location of the determined T sample or T/2

sample as the first location.

14. The method of claim 13, wherein determining the sec-
ond location of the second synchronization pattern includes:

detecting the second synchronization pattern in the series

of data and asserting a second synchronization pattern
found signal;

determining a number of bit periods from the defined point

until assertion of the second synchronization pattern
found signal.

15. The method of claim 14, wherein determining the sec-
ond location of the second synclironization pattern further
includes:

interpolating the series of data using a T/2 interpolator

circuit to yield T/2 samples; :

determining which of a T sample or T/2 sample exhibits a

maximum within a second synchronization pattern win-
dow; and

assigning a location of the determined T sample or T/2

sample as the second location.

16. The method of claim 11, wherein calculating the initial

‘phase offset is done in accordance with the following equa-
tion:

the initial phase offset=the first location-(bit periods)
the frequency offset,
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the initial phase offset and a frequency offset. 19. The storage
system of claim 18, wherein the first location calculation circuit
conprises: a- synchronization detector circuit, wherein the
synchroni zation detector circuit is operable to detect the first
synchroni zation pattern; and a |l ocation calculation circuit, wherein
the location calculation circuit calculates a | ocation of where the
first synchroni zation pattern was detected by the synchronization
detector circuit. Tfoondvigmakt orage system of claim 19, wherein the
first location calldulleimethotrodieldint 14 Wheredy dptersésingahd #c-
i nterpolation cidgigliidcatioheseilie $drend/ AnichiGTiRAiG patted] Fetdidr pProvi des
at |east an addijhippk: point fromwhich the location of where the
first synchroni Zatihf%?p&%filtlgrtﬁe e?iegecgfegétzeadusﬁﬁg ab%/i %&%’)olamr
circuit to yield T/2 samples;
determining which of a T sample or T/2 sample exhibits a
maximum within a second synchronization patiern win-
dow; and
assigning a location of the determined T sample or T/2
sample as the second location.
16. The method of claim 11, wherein calculating the initial
phase offset is done in accordance with the following equa-

tion:

the initial phase offset=the first location—(bit periods)
the frequency offset,

wherein the bit periods corresponds to the number of bit
periods from the first location to which the initial phase offset
corresponds.

17. The method of claim 16, wherein the bit periods cor-
respond to a number of bit periods between the beginning of
the user data region and the first location.

18. A storage system, the storage system comprising:

a storage medium including a series of data, wherein the
series of data includes a user data region, and wherein
the user data region includes a first synchronization pat-
tern and a second synchronization pattern located a dis-
tance from the first synchronization pattemn;

a read/write head assembly disposed in relation to the
storage medium;

a read channel circuit, wherein the read channel circuit is
operable to receive an analog input derived from the
read/write head assembly that corresponds to the series
of data, and wherein the read channel circuit includes:
astorage buffer, wherein the storage buffer is operable to

receive at least a portion of the series of data;

a retiming circuit, wherein the retiming circuit is oper-
able to calculate an initial phase and frequency offset
for a defined bit within the storage buffer using a first
location of the first synchronization pattern and a
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second Jocation of the second synchronization pat-
tern, and wherein the retiming circuit includes:

a first location calculation circuit, wherein the first loca-
tion calculation circuit is operable to determine a first
location corresponding to the first synchronization
pattern;

a second location calculation circuit, wherein the second
location calculation circuit is operable to determine a
second location corresponding to the second synchro-
nization pattern;

a frequency offset calculation circuit, wherein the fre-
quency offset calculation circuit is operable to calcu-
late a frequency offset based at least in part on the first
location and the second location; and

an initial phase offsct circuit, wherein the initial phase
offset circuit is operable to calculate an initial phase
offset based at least in part on the frequency offset;
and

an crror correction Joop circuit, wherein the error cor-
rection loop cirenit is operable to interpolate the series

of data from the storage buffer based at least in part on
the initial phase offset and a frequency offset.

19. The storage system of claim 18, wherein the first loca-

tion calculation circuit comprises:

a synchronization detector circuit, wherein the synchroni-
zation detector circuit is operable to detect the first syn-
chronization pattern; and

a location calculation circuit, wherein the location calcu-
lation circuit calculates a location of where the first
synchronization pattern was detected by the synchroni-
zation detector circuit.

20. The storage system of claim 19, wherein the first loca-

tion calculation circuit further cqmprises:

a 172 interpolation circuit, wherein the T/2 interpolation
circuit provides at least an additional point from which
the location of where the first synchronization pattern
was detected can be found.
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