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

synchroni zing read operations. [0002] A typical storage nediumincludes a
nunber of storage |ocations where data may be stored. Data is witten to
the mediumw thin areas designated for user data by positioning a

read/ wite head assenbly over the storage nediumat a selected |ocation, and
subsequently passing a nodul ated electric current through the head assenbly
such that a corresponding nmagnetic flux pattern is induced in the storage
medi um ToSystenisemed Metlaidy fod Barmat i fichastdl imase Recpvesy fnsi Readed over a
track containing the desired inforngagmmefnd advanced 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] User data regions on a storage nmedi um are separated by wedges
that include servo data. The servo data includes address and other |ocation
information. Once a desiradJdk@EROUND OF THEIBWEKNTEON 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 incl uded
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over the desired data. The previously stored magnetic flux pattern operates to induce a current in

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.



[ 0006] Various enbodi nents of the present invention provide bit density
efficient systens for accurately processing user data derived froma
storage nedium The systens include a storage nediumw th a series of data.
The series of data includes a servo data and a user data region. The user
data region includes a first synchronization pattern and a second

synchroni zation pattern |ocated a distance fromthe first synchronization
pattern. A storage buffer is provided that is operable to receive at |east
a porti9A04f Heweceslor pdsaspfhedderamentioned ressony, Girecists arded i tieest fan i niti al
phase of fset ,and freque fset for .a defined bit wthin the.storage
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second the¢athiaoerfiolend néf the aendata yépgdt.oni zation pattern. An error correction
loop circuit re-sanples the series of data fromthe storage buffer based at
|east in part on the initial phase offset and a frequency offset. [0007] In
sone instances of the aforenentioned enbodi nents, the retimng circuit
includes a first |ocati SRIEBSCUMMARMNOEI THIWINVENAIONs operabl e to determ ne
a first location corresponding to the first synchronization pattern, and a
second |l ocation calculation circuit that is operable to determ ne a second
| ocat i oogs)r I esPsadnNBivERidnNerdRePRLIGYRANERN add RO pRatlIf o syRemlghd | ONn,
the retim ng circuit includes a frequency offset calculation circuit that is
oper abl @ethedscfar syichroaizang eadepesdiops.of f set based at |east in part on the
first location and the second |ocation, and an initial phase offset circuit
t hat i s[00p€r abWhigods@ntbalicwdndd & thdpresnt inabntfpasevioé bis eénshasfitticat syseastfot N part
on the frequency offset. In so cases, the ‘Ii'i rst | ocation cgl cul ation
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[0007] In some instances of the aforementioned embodiments, the retiming circuit includes a

first location calculation circuit that is operable to determine a first location corresponding to the
first synchronization pattern, and a second location calculation circuit that is operable to
determine a second location corresponding to the second synchronization pattern. In addition,
the retiming circuit includes a frequency offset calculation circuit that is operable to calculate a
frequency offset based at least in part on the first location and the second location, and an initial
phase offset circuit that is operable to calculate an initial phase offset based at least in part on the
frequency offset. In some cases, the first location calculation circuit includes a synchronization
detector circuit is operable to detect the first synchronization pattern, and a location calculation
circuit that calculates a location of where the first synchronization pattern was detected by the
synchronization detector circuit. In particular cases, the first location calculation circuit further

includes a T/2 interpolation circuit that provides at least an additional point from which the



[0008] In sone instances of the aforenentioned enbodi nents, the error
correction loop circuit includes a digital phase lock |oop circuit that
receives the initial phase offset and the frequency offset, and provides a
bit period by bit period updated phase shift output; and an interpolator
circuit that interpolates the series of data accessed fromthe storage
buffer. In sone such cases, the series of data accessed fromthe storage
buffer is multiplied by a gain correction factor prior to being
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In sone instances of the aforenentioned determning t first
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derived from a storage medium. Such methods include providing a storage medium including a
series of data. The series of data includes a servo data and a user data region, with the user data
region includes a first synchronization pattern and a second synchronization pattern located a
distance from the first synchronization pattern. The methods further include sampling data from
the storage medium and storing the resulting series of data samples to a storage buffer;
determining a first location of 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



| ocation of the determned T sanple or T/2 sanple as the first |ocation.

[ 0011] Yet other enbodinents of the present invention provide storage
systens that include a storage nedium a read/wite head assenbly, and a
read channel circuit. The storage nmedium includes a series of data with a
servo data and a user data region. The user data region includes a first
synchroni zati on pattern and a second synchroni zation pattern | ocated a
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synchronization pattern; and an error 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



i nvention suitable for enhanced synchroni zation with nedium | ength user data
regi ons di sposed between servo data regions; [0016] Fig. 1 c depicts a
region format in accordance with sone enbodi nents of the present invention
sui tabl e for enhanced synchronization with relatively short user data

regi ons di sposed between servo data regions; [00171 Fig. 2 is a block
diagramof a circuit for processing enhanced user data synchronization
patterns in accordance with sonme enbodi nents of the present invention;
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[0018] Fig. 3 is a block diagram of a system for processing user data synchronization patterns
to yield a frequency offset and a phase offset in accordance with some embodiments of the

present invention;

[0019] Fig. 4 is a timing diagram illustrating the process for determining sync pattern location

that may be used in accordance with different embodiments of the present invention;

[0020] Fig. S is a timing diagram illustrating a process of interpolating buffered user data

samples that may be used in accordance with some embodiments of the present invention;

[0021] Fig. 6 is a flow diagram of 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; and

[0022] Fig. 7 depicts a storage system including a read channel with a dual synchronizing
pattern user data processing circuit in accordance with various embodiments of the present

invention.



data is of defined length and is followed by the second synchronous pattern.
Simlar to the first synchronous pattern, the second synchronous pattern is
processed to determine its location. The |ocation of the first synchronous
pattern is subtracted fromthe |ocation of the second synchronous pattern,
and the difference is divided by the length of the intervening user data to
yield a frequency offset. This frequency offset is conbined with the phase
of fset corresponding to the first synchronous pattern to yield a phase
offset for the initial data sanples stored in the nenory. The phase offset

and frequency offset { LnLt kal n error correction
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offset and frequency offset, the ability of the error correction loop to properly interpolate the data

stored in the memory is greatly enhanced.

[0025] It should be noted that while some of the discussion provided herein refers to a single
user data field disposed between two consecutive servo data patterns, that it is possible to process
multiple re-synchronized, user data sections disposed between two consecutive servo data
patterns. Where a single user data pattern is disposed between consecutive servo patterns, the
servo pattern may operate as a signal to begin processing. Alternatively, where multiple user
data patterns are placed between servo data patterns, a signal indicating completion of a user data
pattern may be used to signal the start of processing. One such signal may be a read gate signal

found on some hard disk drives that toggles between the processing of consecutive user data



Sept enber 29, 2008 by Rat nakar Aravind. The entirety of the aforenentioned
application is incorporated herein by reference for all purposes. Based
upon the disclosure provided herein, one of ordinary skill in the art wll
recogni ze a variety of servo data patterns that may be utilized in
accordance with different enbodi nents of the present invention. [0027] Servo
data 104 is followed a user data region 107. User data region 107 begins
with an unused enpty space 193. Unused enpty space 193 is typically very
short, patgriss Bdesliupoe thet discleduiapofided berainsoretaflordinary keilloh dekarusdld to write
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pattern 106 i s between ten (10) and fifty (50) bit periods in | ength. By

keepi ngsectoh addressgnark of gray aederandiaarstofs paatheseampls, seher data 1 @4 may inghidg a
reduces e i i r.da regi 7, o f r

synchr o%r%@ﬂ%baﬁgrﬁa etc{é)& %QTS% I%s{%g(s% gr ﬁl% ?%(?el’ jg/%lrs%grﬂ%g 4F ooﬁhtsgéet&eafdfdgeg ?@a&oafndany
uncor r egtednd bastu eSucly a 0érve dhta pattdr@ 0B cubsedai PCOPacsnt Applicadiaha 108 is written
after synchronization pattern 106 in user data region 107. User data 108 is
f ol I ovehCh) S_&Wé_@%al*tg@acﬁv%ﬂv%aﬁ Mﬁthafii s improvel %%V%P_aﬁ)Qperﬁwcmgrﬁ?%t i on
pat t er ngdotnibe? 28! 70083y RethaRANKRR AR ZRE LA Bﬁctfttﬁer ﬁoﬂe}?r@nti@netd%bliéartioh pcl udes an

identifiable pattern Spread over a Ilmteg mber of bit periods. In some
cases, #yowhratadihestin by refeprancedionall poposss.i Besetivpan thealissiaseterpoenidest iessin,pat t er n

106. In _other .cases.,, .Ssynchronjzation pattern 1 1Q i ncl ude di fferent

patt er oS s AT SRR POLERTR RS stnP Sale PRSPl bOGE R

di st ance d&eesrdan vahndiffeeni ehatidddeRabt the preddid irdaticynchr oni zation pattern 110
(i.e., the nunber of bit periods devoted to user data 108) is known. To

| ncreasgyhhe 3GEYHAGN 02%s fGwtd sggegragtﬁ ée@f)ﬁ PEL Gt hﬁgtr%?on Wieoe%hémcalﬁs

bet ween synchroni zation pattern ynchroni zati orf patter
chosen tisbéemptyapacedloy. [Uanggel entioyeneee |9a6 tymcalyfvely shode st is dedgrzdltow i n
ance between atio at.tern 6 and

25:’1??}: galﬂctkvgfqﬁégnlﬁlagt{cgﬁrﬂ&li%k%k asqdta %Bﬁ sRIvo Ry ?M M | Fidt dsod e \rite Uiser dla a
region 107. In some cases, empty space 193 is less than one bit period in length, while in other
cases it is a few bit periods in length. Following empty space 193, a preamble pattern 195 is
written. Preamble pattern 195 may be used to indicate that the beginning of user data region 107
has been detected and to begin the process of synchronizing to a sampling clock for user data
region 107. Preamble pattern 195 is followed by a first synchronization pattern 106 (Sync A)
written in a user data region 107. Synchronization pattern 106 includes a small number of bit
periods over which a short pattern is written. In some embodiments of the present invention,
synchronization pattern 106 is between ten (10) and fifty (50) bit periods in length. By keeping
the length of synchronization pattern 106 short, it not only reduces overhead written in user data

region 107, but also renders synchronization pattern 106 substantially immune from the effects

of any uncorrected frequency offset.



to the size of a nenory buffer used in perform ng processing of the user
data. Thus, the distance is chosen as a tradeoff between increased accuracy
and limting the size of nenory used in processing. In one particul ar

enbodi ment of the present invention, the distance is chosen between five
hundred (500) and two thousand, five hundred (2500) bit periods in |ength.

Based upon the disclosure provi ded herein, one of ordinary skill in the art
w |l recognize a variety of distances (i.e., amounts of user data 108)
bet ween lﬂﬁgﬁlc hi\certzan dfowerdiataal 0806 waitign gﬁrmbrmimmeatioa matteiatl46 meseyégendi ng

upon pagblHod" 4SSl 8 ROORIAINLS o EOLLANA IRERTARLARL) Ml igha 110, user

data 10 contrnue I n a user user e 1on 107. A

subs equsmchﬁmﬁzaaord pateern 1l¥istsihila s symslarondaﬂicm Fa@ginor061i0 ?ha&[’tdndlﬁk&s dual
er data is followed in user data

synchron n pattern interspersed in
regi on ftwr ?FI&E nepiEdioyein i lgrtecf @g@ﬁpew%\?em FWRE cases, &YNGRoPEAYON ong

user da]bz?fteh?gl S 1de%t19aﬂ@o %}Jﬁéﬁrohﬁzaﬁﬁtﬁﬁa&t‘éfn fosamn bier LROUSAHMrontJak6n paeel ed bit
periods in |ength. I'n use dat a processing systemrecelves a

series 6f0 slalwérrseesdlﬁ”glrene}sab@nmnd@rtacrhﬁﬁ@em lefepttathan eyjicoronization patism 1 (e skhe

sanpl es cation ,of nchr on pattern.106 is ntr |ed Iong
wrth andishG SR PR iR PR BB Richialsth LTS L Le SISy ot erm
cont i nuesbit erfods Béwoeed t8 ABRI G 10R) lsI@ObWHAT] ﬂdﬂé’asunielak:aanc}eoml@@fraﬁlem;rm | at er
when sanpl es of synchroni zation pattern 110 are received. The sanpl es of

synchr of f%ﬁrt@rﬁtiﬁaﬂl@ Sistaneq betieen pgshrongatienepatiemy ! 46rad syechirorazatign pattern
synchr on (?i%%h@s’%n @@Bé Fe'iaﬁ’wél Qarlgg_hﬁowg@é?t dsh&d fﬁlgﬁ&fs&%ﬁ b%fo“sbﬁ%m ozré!%' on

patterns 106, are to determ ne phase of fset an a frequency
of f set Bahmésmnuﬁmnsamandgomkﬁmhrmﬂdnﬂﬁéan@amumbnbntmpwﬁwodbﬂk®mmssmdsed in

synchro atron atter chr.oni zati on tern The uency
of feet B roBt BrrEhibs il TnBEASTTE bogtr B o BirsShitabe s B dilEty

of fset & @¥inkk he@dédIt bdtheed itichRRl abdurady@inti %ﬂﬁtm@% thdSE oflffemofe@ed@n 107. The
calculated initial frequency offset and phase oifset nmay be provided to an

error coiocesstigom Prropriigydar gabagingengpifine areseﬁay@nrl%rhe dleweer ghogen that
provi de ( t f i on
P07 ¢ BB BT hrEk Gorana Y BoBSLA, MG PG ShsRIb AT R BkO 00
synchronpmemedmcMmhhpnnuﬂd&mumengébfmﬁemmdﬁﬂhmnegmmnsldmspn&eﬂvhﬁﬁwe@n servo
data re rons i s shown in acc wi th various enmbo nts qf t.he, resent
i nvent i BRANEESG}- %naf?%qr}uf@ %t%@q%ﬁﬁegve@g@mc@rgpgar%r%rﬁ%@ew SWB&] 10

servo daateli@&%oegeihgqp&aﬁﬁm&ﬁér deSigh @bhsaumiek. mbuewuqsgesr{n@tebﬁzrtwcﬁfa 111©9useuser

data region 9 begins with an unused enpty space 193. Fol | ow ng enpt y
space 193a 19$ eawrnewd pae veardatedd 2 jas pask pE usendatPreginmbl0d. pasubseqyentgsrvioglata

foll OWE(?IAP %ll Ws ﬁEer%Xﬁ(}Qélgﬁllé’ﬁgﬂdotﬂe B&h ts%c'ﬂrojh?z%tlon pattern interspersed in user data is

followed in user data region 116. In one embodiment of the present invention, a relatively long

user data region is one that is greater than two thousand, five hundred bit periods in length.

[0029] In use, a data processing system receives a series of samples corresponding to user data
region 107. From these samples, the location of synchronization pattern 106 is identified along
with any phase offset exhibited in the location. The data processing system continues to receive
samples of user data 108 until an expected time later when samples of synchronization pattern
110 are received. The samples of synchronization pattern 110 are used to identify the location of
synchronization pattern 110. The identified locations of synchronization patterns 106, 110 are
compared to determine a phase offset and a frequency offset between the sampling clock and the
actual bit periods represented in synchronization pattern 106 and synchronization pattern 110.

The frequency offset and phase offset may be used to calculate the phase and frequency offset



(Sync A) witten in user data region 109. User data 108 is witten after
synchroni zati on pattern 106 in user data region 109. User data 108 is

foll owed by synchronization pattern 110 (Sync B). 1In this case, because
only a relatively small anobunt of user data is to be witten in user data
region 109, synchronization pattern 1 10 is witten at the end of user data
region 109 and followed thereafter by subsequent servo data 114. The

di stance between synchroni zation pattern 106 and synchronjzation pattern
110 corexbdyied dy theinitind bit peragdsiwsaitdagfregion 0%t Bregglculptagsivitiah fieqenay0s.
Subsequ r 4 e i . :

synchr Oﬁ?gtze%.%]l% \rﬁlgseg(gfs'?t ergl%y Péngllé)lrv {s%i\é@dsj%]d&lmg%h%%{tﬁgg@ 1?1213?@?983\%%1 El’rr]bi‘ %Jlsoglr{ dat a
regi on lbapcirduit thatereritsdesanplirgf (eighéntegporsiegtthe date fibimouser datmegianmO7engt h
user data region is between five-hundred (500) bit periods in length and

two thowsae)d, Thie Hendiech r_(egég%rnﬁittl()?ﬁﬁﬂa]@l@%ﬂ dhhbiRREShchld@Adbn Wkhuse, a

data processing systemreceives a series of sanples correspondi ng@;o
pr eanbl wedigprgigtionder dath ovgipatdiposeditesyechsenyo Whiesegigemip sleasyn nrpecdrgggei on of
synchr opj i on ern 1 is. identifie I ' n e.offse
oxh bi ¢ St PR PBOERRsH Butdessh{ B PisheRefof eyt Lk AR BREL 688 e ve

sanpl esi2ffollsesd IshadedyoldiBa LK. | SeradLx pECik €6l ldwedylaalser dadegiondilp) €serafata
synchroni zation pattern 110 are received. The sanpl es of s?nchroni zation
pat t er n'egiP8 187 Begianyith ap unyres emply spage 1%6¢ dellowingrmpinRFohi > atseB!epat t er n

110. Thee@densi:f | o] i 3 i f are
compar e Eh Her e e e O B b el o PR A8 % e
sanpl i n@gyot A¢ kvrigiau int bser dast teglionbi09. pései dutis 1 ¢%ip medentadier Synclyymicitronmpatterni on

pattern 6 and, synchronl zati an te 11 The, freguency of fset. a phase
Pt et M) R S SRR ?, s A PR i ek e prh EEET b L LR S ) P o
for thelnithislch®| bddhliseRAly HetSatREIYUSRII sddluat sfRGEAta i$0Pbe WHaelC Rl Gl @k£d 1 niti al
frequency, of fset and phase of fset nay be provided to an error 9 correction

| oop i nERI9AIAY synelirghizationpratiera 118 dswigaat dhe ediod ussigptageion de%ande- sanpl i ng

L 0., e i ] i : i t
(2.9 | AL BOLEHLE 5 4R DR M9 2T e Oy (R DADAER G 70 0
rel at i vedoyandshuorhtonization gattan l €@ canspolids pote dotbiedmemn o Sdaty sogtdtimuseedatons i s

shown ip accordance with various enbodi nent f e present invention.

Regi on 1 RPSOET e daes ddel s e 168 oo B BRERT By S data 104,
Servo dadiRrmlidtbrdpersE®lr QarehtdY BIIMS&S in98&rRlata88i6R 114.1in dde@mbdaiint sagé on 109
begins with an unused enpty space 193. Follow ng enpty space 193, preanble

pat t er nPregBt inyentiant @ Bgdiupy lugersigtatregian isgBtwepnfftylethondigd K500 ibitperiods in
synchr O]%hétﬂtah(? vapf?]%hseaqag, é\peqqundred (2500) bit periods in length.

[0031] In use, a data processing system receives a series of samples corresponding to preamble
synchronization pattern 106. From these samples, the location of synchronization pattern 106 is
identified along with any phase offset exhibited in the location. The data processing system
continues to receive samples of user data 108 until an expected time later when samples of
synchronization pattern 110 are received. The samples of synchronization pattern 110 are used
to identify the location of synchronization pattern 110. The identified locations of
synchronization patterns 106, 110 are compared to determine a phase offset and a frequency
offset between the sampling clock and the actual bit periods represented in synchronization
pattern 106 and synchronization pattern 110. The frequency offset and phase offset may be used
to calculate the phase and frequency offset exhibited for the initial bit periods of user data region

109. The calculated initial frequency offset and phase offset may be provided to an error



(Sync A) witten in a user data region 109. In this case, the overall length
of user data region 111 is so short that use of two synchronization patterns
woul d result in an unacceptable | evel of overhead and/or the distance

bet ween the two synchroni zati on patterns would be so close together that

t hey woul d not provide a high degree of accuracy. In such a case, only a
single synchronization pattern is used followed by user data 108. User data
108 is foll owed by subsequent servo data 114 and the synchroni zation

pat t er ncérrecgors jvep sedudimg udigitalddiase lodgioop citddt thatl provdes rersbodlimg(etg..of t he

present.inventi relative shor ser data region is one that is |less
than fi {}léerﬂﬁﬁtmgggie(%&ot)%rﬂiuferﬁ}é‘{airS%lgnﬁ?#l ength. [00331 Turning to Fig. 2, a
bl ock di agram of a data processing circuit 200 for processing . enhanced user

data syHWREbnileminen Himtlees regidnromeat dPaatibledpt snhaesrd sypmieeniFting selgfvebhe
present sidRRB 4l rea OHD ggg&%gg&v&et%ﬁ 0990 afla} 5 QCGRUn aGlolGlibd w i Yart | udes

an error correctio that i1s initifalized by 1nitial phase an
f r equenembafifmset sf @8 PresantdoNeation Rygion fymet Wasedudaseserdatagegiond02t 230. One

nbodi ment of tim ircujt 230 is di d hel ow i
el at | ofoyerb et dRaT T4 o SenBuail G i bt Bon Treh R deton: PEadF T e nea
assenbl yeofohO 0bBREIns $RAE AnBscdRETPES %ﬁcé 1 8. RO irt DRI sRe 295 tREAdEe Medi um

(not shown) and converts the sensed information to an electrical signal

212. El p&ttern £X isgvriisal Prambiespatienyiddesifollowad by hiat sypopravéesion pefterbl @rk 213 as
i's known, j.n,the. art nd the o f..anal o [ C IS
provi d\ggS){ngA Vﬁg&éé%ﬁ?e?idétrar 1§11i ? ﬁéat‘%aﬁfr‘%gﬂsﬁ tggggﬁgﬁzeﬁléﬁgqﬂgﬁéﬁ E)arz%glf) es a
cor r espohdisng skorpihaf use df siv@nakchidhizationputtand wagld @suli @i dnalnacepbletler] 220

receives anplified signal 217 and converts it to a serie f i gital

sanpl esf“ze_zﬁ?aééewowﬁdg%%ﬁﬁ?twge@ gie_éWP S oRstLing P d_ByS%aggw e cl ock
224.  Difgefhd! the@HR) ®5uld%dt fOGidPaAY ARG deQracRYARS. PRSRY alc@ld, BhRS: shiglcui t 230
that operates to detect 10 Sénchronl zation pattérn 106 and synchroni zation

pat t er nsytbronggadorbpatieth is egdeloHowed bylissutlzie ¢08.i Hparidata 19Rastllawdd by equency

of fsets 232 that ar Vi to a digital phase |ock, |l oo Lrcuit 5.
To034] * bSGend B LA Tt B oS8l oy B B S RPN 085 o

240. Usef orbadneboldlihidr® b thd peesBmyinVastiam ¥ reRiredly sitoapaet at®fegsindk bAgthanid ldsat er
provi di ng access to ital sanples 222. In sonme enbodi ments of the present

di
i nvent i §18n fiys Bpndyed @Oegweermziw leggh first-in/first-out menory as are known
inthe art. User data buffer 240 may be sized to allow storage of slightly
nor e t hffit33} hduemmgiotFigf2, ddlek eliqgent effa data proeessgrcirdait 200 fgiparwessngt o t he end
of synchr,oni zatio&tz{)attern. This allows for, the

110. | f h i f
synchr oRPAAF ST SR PBBAALPUTS AR BT BEPTeON SN CLT GRS Of the

present invention. Among other things, data processing circuit 200 includes an error correction
loop 299 that is initialized by initial phase and frequency offsets 232 calculated by a sync based
retiming circuit 230. One embodiment of sync based retiming circuit 230 is discussed below in
relation to Fig. 3. Data processing circuit 200 includes a read/write head assembly 210 that
senses a magnetic field 205 stored on a storage medium (not shown) and converts the sensed
information to an electrical signal 212. Electrical signal 212 is provided to an analog processing
block 213 as is known in the art, and the output of analog processing block 213 is provided to a
preamplifier 215 that amplifies the signal and provides a corresponding amplified signal 217.
An 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
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before re-sanpling or interpolation of the previously stored sanples from
the user data region starts. Serial 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 to yield an
output 247. Gain factor 249 is a variable gain correction that is applied to
correct any gain error in the analog input circuit. Qutput 247 is provided
to an interpolator circuit 250 that interpolates output 247 based upon a
phase stn¢hromgatipatragsn 10p and ébrrkﬁhltoallab%@?’éteffbbll@ a@blyﬁsef thetson t@grculqte035]

| nter pO]R‘lﬁfaP{)ha% E&Hré u%lgcg' (ﬁ%ﬁ%{ ;l@glielﬁ)@{)\ﬁa&otjo% dﬁgta?ﬂglﬁkitloc%qgo c@ut%@

ital
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operable e for el.i ne

obrr act Tkl B sPaefiRlal piTh LMYl Fias i IRENRER U o5 4
dat a oumq@uﬁqoarﬁ(a)f datbRk g tedrin el Gl dat2@Dio R tH ehedRY ol SfrRBicAIzZatidN Fatictn KIKOWN i n
the art_including, but not Iimted to, a Viterbi al orlthn1detector or a

| ow den&iit §lloysyiot g}le@ﬁ@eksl%%fom?hr%zem% PRYSGRA 09 And Wélcarpplzaw pattegkl9ut 270

I's providgd rf | fndl 9 te blafi6h %QpPeQ sl@rs RDFEAST st I Ble QM QY regBg: and to
o2 R e ph g BB 38HCRE Pobreg

a digital up'ta t provides ata val ue
292. Tavget Sferlhltctalta ZZEOS nmlﬂedtfeoranser dﬁualbtuﬁ“er Toand plrcwmlehleto amuultiplagr cirsuicZddabl e

of conf rnln et n.so ases r |Ite 280 is a
Ohr oot BT Peh e Rifre & Andi LB b ises B iR BR FERF 4 g8 R 240 FRIGRE e £
Tabl e V@Jt%lﬁ 2429&ainSa@BE2 0k is @ vﬁﬁiﬂl’@%alﬁ)fzoN@ilb@ﬂlaﬂﬁfaﬁgr&ﬁo%@rraﬁ%ﬂy g¥igledtoad] ust
di gi tal ase lock loop circuit 23 based upon the val ue of data out put

270. 11m[tb%@hog| IAPWY GHPYIE- oAUtPHLAATUS Prs el §0 # Biarprigfor grauitda() dhat Miterpplates 275
t hat praﬁfﬁlﬂ%% Badgly g&’?&' R&Egﬁﬁh oﬂub%’i’ﬂb&y&gta?gmgﬁ Cf%ﬁzoﬂ SrbRyt 262

del ayed an anount c rres tinme“re cess out put 262

t hr ough ircuit and  tar et f | ter

del oy sl B3 plitérsd %toaﬂacueti’ggéw%%sam Romplatg Pogtt gt : %gtti“rﬁé} Jmarsy
circuit regp?&lse R85 (M bRMIdeS 8 4ilfefed oRHRI Q?Pt@@tﬁlrfﬂfﬁeqﬁbﬁbéggesﬁ s@%ﬂt61227575 usi ng
an adder circuit 285 to yield an error val ue 287. Error

provi dearay be aiygdigisd! finHeasesporse Kilteolpvai indhd art. 2850k epses; digital ﬁng@dnmll@ng with

it ﬁ? L?po%/g%oége ﬁl?%czt&?tlsagg%% \Fhﬁ%? ?hl f OQHtI?H]t 12[ %rglrl %ér Csocr:%?tr Oenc‘?ﬁ%n%?oop 299
f r om ouispdiied?d Tilte@dphase2Shby in addeptitcu260 tamyldbm ahope 262. Baseline

correction value 259 is operable to remove any DC offset or perform any other needed baseline

correction. Output 262 is provided to a detector circuit 265 that yields a data output 270.

Detector circuit 265 may be any detector circuit known in the art including, but not limited to, a

Viterbi algorithm detector or a low density parity check decoder as are known in the art. Data

output 270 is provided to a target filter 280 that provides a target output 282, and to a digital

phase lock loop look up table 290 that provides a table value 292. Target filter 280 may be any

filter known in the art that is capable of conforming an input to a target. In some cases, target

filter 280 is a three tap digital finite impulse response filter as are known in the art. Table value

292 is one of a number of values designed to adaptively adjust digital phase lock loop circuit 235

based upon the value of data output 270.
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Wi th other error correction |oops known in the art that are capable of
receiving initial phase and frequency offsets 232, and begi nning operation
based upon the received offsets. In sone cases, error correction |oop 299
may be the sanme error correction | oop operating in systens relying on a
singl e synchroni zing pattern. 10037] In operation, data input 205 is sensed
froma magneti c storage nedium and processed into digital sanples 222.
Digital sanples 222 are sequentially queried to identify synchronization
pat t er 100806 dAmaddiyers iennt 2@ isorovidedite p delay QircudnZS thetrsdyides azxdeldyes opavt er n
110 h b - I St ct ' et ween
the tusTsoeael pEPtedy i FPREFRL Y B NGRS AR ihe S LAURGLE®L S°FC
nmor e dkdcgssesmnt 262 thrghalstdctor cebwt 265rnt eargéti fiter 330. 1903 BdotMiriviag, dalmietli ng

detection o chroni zatign pattern 110, digital s les are stqred in
user QA RIbGTT T} OuEHHs 4 S0 IR HEBRH 1 SR %ﬁqyt%ffwt% f;%rg?téw%g Bnd

i ni tialg,Rhage Ahddelh e%%%@i?ﬁﬂé‘iéﬁr%d%@?qi%ﬁ 28¥ 44 &i@@' frerfodivhibabgPhasg and
frequencghgggsets 232 are provided to digital phase lock loop circuit 235.

| nitialva isamiavifleceiquiegitay pdst seskdogradroniy 3 pmbviedeisasgrhalgg Wil thber equency

or ooes &g 202 <Pl bt iR 2 PG PG s SRRk HOFRBne Lser

dat a r eginofed fili=d BirvddoefecSyNiebp Q99 Fraini cdkput R4 toeghascldhf amgusIZTChapbE date on
pattern 110 are derived. At this point, data sanples representing the user
dat a r &gthagrithegraoserfirsHen kaopyknnm wdhe %Fhah@rércanfanl)eaofﬁmw@?g il plase Andidj ust ed
and i [ : | [ thel 6.1 I is

proc esgtegﬁ?ﬁ% g?fg 3 %zt g@% gég%%ﬁé g%elrfﬁwfgdé.gédﬁgﬁgé%ecrlk%g%{r/é(}ﬁ:(ggsg{egdq%?(??éj%{rs%ér val ue
287 i s egenesrecteh bop 2p9 ol dbe thet sandiegiot edrrgehiars woplopedatih®mpystems wlyin@ 85 a

Di gitalkppase | ock. | oop circuit 235 generates an updated phase offset for
each bis{"elPRACHIRYAPEHHAse of fset is provided by digital phase | ock | oop
circuit 235 to 12 interpolator circuit 250 where it is used to interpol ate

t he nexX003Tht dn gaeratien, gaialiat 2P ih saased figar amagngtie sforggeanedin angpigeessed i s

repeat ‘?H'tofdg%talefag@é%;izé%igﬁ?a‘?%arﬁ@%@é&oﬁﬁ @éhﬂe%‘ﬁg%g@r‘{@d tloefﬁ’én?lfy user data 112
I'S Process . Y Usl nNg syncnront zi n atterns (1. e.,
synchr egnchirérgzapiah pettain 106 amhg nsymooiatim pitag 1 1pa0nee synthdhiztorcpdterd Bitde t he
initialt1 Ease and fre ueng¥ offsets, error correction | oo '299d i ncl udi ng
di gi t alhpRSRAeIGER: npourd Wiiopcessg ap detiah dSidise Pep i PRSP Bk and
track thRuRRAARIal A AMPHMRBRY &fsetaBa as AMROEAulyltLHLES RBW Selelatidh & buf fer
240. In particular, use of a single

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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synchroni zing pattern allows for somewhat accurate determ nation of a phase
of fset <corresponding to the data near the synchronizing pattern. However,
t he phase shift continues to change over the course of the user data due to
frequency offset. Error correction |loop 299 attenpts to correct for the
frequency offset by changing the interpolation perfornmed by interpolator
circuit 250 to account for the frequency offset and its effect on phase
of fset over time. Were the frequency offset is significant, the error
cor r ecinteypolhioo pir@HP Sheyhenoit isesed byl aterpplate ot daf sampiepiliedifeom usep detd

t he

resulting in,data errors. B ing .the secon chroni zat i. attern,
it aPMoradnedhd eBidRSLE erdte B0 e PERERS 0 AP GLANE R Me BRI "o £ oe
can belluBeggbodessegorrectly adjust not only the phase offset, but also the
initial frequency allowi ng the error correction |oop including the digital

phase i[mbl[ B%}(F)h]sﬁli rt@H!s%n&%rﬁTBﬁ%Pﬁ%%&gt%l L8k oh RiraNR1BRAE ARG nchicBRNCY Of

t he data. urning to ki k di ag a processi ng system
300 t hatttepr bB3s ealculste thediaitaml plsaga et hejueady disepatt@rcesettonyipel 2P% fr equency

of fset . and.a phase, of fset. in _.acc ance W sone. . e di nent s of . the
ot esent iR P OB Prie 3 8oy R e S8 Ml SETEs S Ty bR ARt s
responsgy fréduetey ldta damlplds @aREV RESmAsélatat BuTRHDAG hgRAMNI 3R, BBCf PEiAyledes a
filtered output 312. Digital finite In§u| se response filter 310 Is a

8

repl i canshroaizig patem allove forgomesdaiassaissisterinatien obpphasapldsaises adaptive
7 er GRS S SR R BEAE BBl A g eopone
Fi | t er ebhingeibpertthSdidiriesf thar et dieadictolietjherey s¥fiset. Ardetacdoton tiopPt 315 and a
ecel VI DR CHEHOR R AR o7 P B e PG R B oG e
synchr giérpalbio? BirQAt 150t adBnt R ER %ﬁp%&%ﬁ‘ﬂs@t%ﬁ%@ effadt bR PRaskQfifsbovdet ected, a

sync A found output 317 is assert | h sone cases, sync A detector circuit
315 onlijnea|Winis thedepapency wilset is gigaificats the paoraerigeiondegp 4yt may net bgebleried

wi ndowr&:iovg'withdéﬂrfﬁ %t%ﬁée?%%guﬂﬂlgolfq dgtaséyrgps %y\’\dsﬂ%qwé gécgla_:ﬂyn%?i’ro %?gonwher e
synchront zation patter i's“expected 't o be tound. For’ exanple, sync A
det ect putterg,ithe€initial B2Huemmay o ffsdt yarabsaictirasyincal Aldtedinthie bequencBdfsencadben N and M

bit periods of the end of servo data 104 as determ ned by wi ndow si gnal s
ci r cui 15390 COTFHY G U8t Ay B¢ pla P%fa@éjuﬁalyo _theée@?ﬂ%e%eggyn%%zw% RETEY gnal

352,  a ph&aBhSp iRUMnS HRINALitaP PRasE Mtk Ao GATRUI REmbtLGHcidP ek kdthe bRAS af@Se, N
may be the | ength of synchronization pattern 106 | ess a snall nunber of bit

per i oddreqeandy M fraylatse t he | ength of synchroni zation pattern 106 plus a small
nunber of bit periods. By

[0040] Turning to Fig. 3, a block diagram of a processing system 300 that processes user data
synchronization patterns to yield a frequency offset and a phase offset in accordance with some
embodiments of the present invention. Processing system 300 includes a digital finite impulse
response filter 310 that receives a data input stream 305 and provides a filtered output 312.
Digital finite impulse response filter 310 is a replica of digital finite impulse response filter 255,
and uses adaptive taps that were derived for the prior sector. Digital finite impulse response
filter 310 may be any digital finite response filter 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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l[imting the window in this way, false positives on sync A found output 317
may be reduced or elimnated. Simlarly, sync B detector circuit 325
conpares the received input with a known pattern to determ ne whether it
mat ches synchroni zation pattern 110. Wen synchroni zation pattern 110 is
detected, a sync B found output 327 is asserted. In sone cases, sync B
detector «circuit 325 only alloms assertion of sync B found out put 327
within a defined window (i.e., during assertion of a sync B w ndow si gnal
398) \Aﬁ%)evf@ymwwbnmzatuqrmattpm t0érimexpeoted & ecdound. eEIOr etXémbl@ $)t1519 mddetegnr

exanpl t t put 327
o ey S B Ry RO s6le € Ko SRl B RIH \ESRAL G Pol RO G PYT

this caaeodaa Waddt&térhﬁned&?yaewmddwdlg&hlamiranbﬂ()lvew rndsyvmglfatsmlrzam Be0hmpgat t )er n
106 and synchroni zati.on ern 11 e e f use 108

| ess a'SREFR SHIfD ?u”SfS‘%’iaF 5 ﬁ.pbea@ uwc' ﬁ&%ﬁlggz ‘ngg %fﬁ Iﬂ §$‘

bet Weeﬂq1§&’d§9 N Hﬁ%%@%ﬂ&@nﬁl%? %fn@ht%gﬁa@&ppﬁ%&clmb%ﬁsza%maﬂ Qlu%bt & dht é‘e%@d@' us a
smal | nber of periods.” By limting the window in this way, false

poSi ti a@ctl\/bnaisbmthe Brigbueicsyodtrpizat® patiery 186 plusedmed duovociedfi bif praiods . By 0041]

det cot PBREP RN EGs W EBEROSH R ST K A SB[ O STRRPE PPose

i nt er pelidtragd! ISemisyrnG sﬁqc(BlHﬁ%tor&i%ub&SEdompdiesathb&icﬁwﬁ:ai@u’f e uénAcyn and
provides an interpolated output 332 to.sync A location and phase . detection

ci r cui PatApto dsieiping WhthgriligRatahrs Spﬂ%@‘%?é‘?@@ﬁﬁ“‘éﬂ LEQ-r Wiep syudravgziat es t he
magni tEQ@em@ 0 RXRfecfed PURE BORLRY by @Jﬂ_zz hd a%e%r I@RE&B@%s@é”s?%;B 33etorThe i nput

W th reatest magnitude 1S I tifie as bei n oses o the actua
| ocat i omcmf 3§wmd:>halbrwszaa$amn payteBrodr@icqutan d21 Iwuthm 4 eedmed ®mndosv @£ored as t he

| ocatign.of synchroniza atter By u f oun out put
317 ¢ RSP ERo o B FEURE SWEh ) Pl Re el Do SR e ng

i nter ped & RUnd. owrwxbmg(éZsynt: IBeddt@edtcirenit SZmbE ohl9 UbkrtwWyhBTouddoutput 33houl d be
noted that finer interpolation nmay be used to allow for a nore accurate

i dent i Mg Kand drbit H’F‘éloldﬁ)é%?rlaé-‘??“éﬁ“ i AAHNARUIRING 3 At Il cage X may bty
| ocat | %g%é%{éﬁ fgﬁzg}%@ b&%sﬁgyn%gr %tt%‘hol Rl gﬁﬁr&h&lo Adr2? ?gre ; u{locat Ion

out put upo ion of synchroni za on pa 06, a
decl ar déengyhnaf uéetfdatmh{)&ieswsmalﬂ;ﬁﬁlnbasﬁ bittpsriadssyid & Aaf beitiet eapequed digaize [ 0042]

Simlarl c. B found out 327 i rovi ded direct to Iocatlon
and ph&g e SRt ae Pt s sxirhrinioaion patdtiy EF B asiell npaATb 9
t hat @Eﬁéd%OlB%tlﬂﬁltlh?ﬁ]eSMHGO\B119!{&1{5{3\%/)/ fa?t?e7pd§ﬁ§/€§jorp§}/n@ Bhuhd bahet IX7eseRcy and

provi des an interpolated output 337 to sync B |ocation
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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and phase detection circuit 345. Sync B | ocation and phase detection circuit
345 conpares the magnitude of sync B found output 327 and interpolated

out put 337. The input with the greatest magnitude is identified as being

cl osest to the actual |ocation of synchronization pattern 110, and this

| ocation is stored as the | ocation 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 |ocation can be
f ound wilsciuponTidantificatigh ofdydclvenimaticechatthiat 1 06i megclare stnerip fluad icopnindP be used
to all %V\ée}itor & JIDre cocyr%% identification of the |ocation of

synchroﬁl Zaf Pon pgfu[ 107 'Sync B | ocation and phase detection circuit 345
provides the location as a |ocation output 347. By picking maxi num

correl 400Gh 1BwHen b R¥nG BroudRuub A Z rrofdedshiteedy i a0 dacaiprent Biszat i on
patter Qiefleg:t(?on[ %%&Eg?ﬁ?&%ﬁ% h§/J ﬁ&q}‘z(%l&g%'z&rcgfg 5?(5 {h’A?r?lfb?ﬂ)&lht)é?th%Q%r%B Butput

vari ations. ocation outp a ocat 1 on out put are provided
to a fr3dgbewrdypnaffafatte feghawl ahd proveies ewinter@oted BnipquEtiay spdd B édcatal cul at i on

circuit 360 subtracts the value | ocation o t 342.fyamthe val ue of
ocat | G BUSEAFieaiin iS4y vpue asairaighossy o fon 85 L8 SaBiisn i

bet weemnSRedy aRheB ifdthdRA IR BD7 RBinRRghISYDERPp@Y3ZatMhe hRahitR ke gddest 0 yi el d
a frequency offset 362. The follow ng equation describes the process:

Fr equereggnitRdosia ideatifigslas @amg closegida themstu@lopaiion3y 3ynahfeyegatigs patterp &£, egd

D stan , t I n n ocat | puts is
257, 1 s S S SRR e el G RPF B BT DA LR NOER By SEEC
0. 0042% fouid sutputsqagine yocalidrsein bedowriswitiie T/Phasevef byselditiomalihadige slightly
for every s le of the user data that is taken. [004 Frequency of fset 362
is pr pw%@a?af P AP OptigeaB P deévgmlmi?‘r St f{ot%d%atgfnahg wi th

| ocat i qQpieRdiapiBh 3§ de ubQFBLIIGR B RYle R8N i@Mi¢esidn thOBRAIADFOf

synchroni zation pattern 106 that is accurate to within T/4. \Were frequency
of f set s3achromzation pattgarh.i Bgned? lagsieon ahdtphaseGBtection ciowlitB4d prpaddsshered by

inply .,adding I T to each i |l e starti.ng, fromlocation .out put
342 LofeDRr % A beidnt iRt o B Bkl o P ey R Gl R Sy B Rl e o,
t he acgiatta@y 06find S@IRloh DAt leFARAS EID), Mé@odebd T réduRU NG galatiderdifidd 6 gdiwe to an

inability of the error correction loop to adjust for a significant initial
phase offid@nsand/ or frequency offset. To correct this, frequency

[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 Qutput 342
Expected Distance

1.

Frequency Offset 362 =

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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of fset 362 is used by initial phase estimation circuit 370 to cal cul ate an
accurate phase offset 372 corresponding to the first sanple of user data
108. The phase of fset nay be calculated in accordance with the follow ng
equation: Phase O fset 372 = Location CQutput 342 - (BitPeriods)Frequency

O fset 362, where Bit Periods is the nunber of bit periods between | ocation
out put 342 and user data 108. [0045] Turning to Fig. 4, a timng diagram
400 graphically depicts the process for determining the |ocation of

synchr osulddie psrfopmagd ey simp M&ldmgll@ tolvath snagespize sarerle startiednme tagagonguipyt

differ e.ﬂb Ohwegg Iéjrire n%§t10 %at%r ?%ﬁ enf\égﬁ?etgbf)l}rof eH nBﬁl'i«t:ﬂonftle%r wr!rl]crg/i og period

410 before ern corres on oni za

recei V&imphh@dﬁ:k@ﬁ@d oveetigk c@ilis(ing Merh)ts i ﬂ@%h iybilery oAttﬂ&hef: t@rectb opt 315
or sync B detector |rc it B%g is. rel tiveI | ow,,. Once the s c ronization
pat t er nf°i *diutelobe biga Taait “HBalaP SR TigEAnd kgtfﬁ:auedﬂgwéféﬁ QrPHactABS fEeygnal

l'evel pgraw fds BYedd g tiffeia) pl§¥@§stfﬁ‘1aqgﬁ B4R 3791 tb eMlblla ahAcQlratd $H£§e %ff@&tﬁgt or

circuit 325 I ncreas During user data sync pattern period 420, either
Sync A desmindingdd theufirst samBleaf usyrriiatad 0§ e flbe plase offsesuinay [B2Blqutatedi ides

mul tiple | vels ondi n o sanpl e periods 442, 444, 446 as sync A
out put §§g‘gym§vﬁg5%%ﬁ @9%%%%@%%1 The I evel s correspond to | ocations,

t(x-1), t(x) and t(x+]), respectively. In addition, T/2 |nterpolat|on
circuit 330 or T/2 interpolation circuit 335 interpolate T/ 2 | ocations 452,

454, 456 a”PhJ%r W?Z& %lzr?onc(% egB ?%’({s&g}%ﬁﬁ@bﬁﬂét%ﬁ' ons as

i nter pol at ed Gut nterpola I § Case, the

| ar gestwiat BR FeAbILS mmstﬁnﬁe@ of 612pérwa§t)bme14§f&auo%sot§m B42 ahd@sel data 1 0gat i on
454 is identified as the | ocation of the sgnchronization pattern being

pr ocessi¥845]( | Teningria Fig. ﬁaa,/tnmétgwb@tam(w geapBicellydgpigty the msocsprofigr detpranining

F S
A det oot s a4 PhOTETRIARLEL 00 1 AR FREBe Wiba"h reofudy®e hERGAIGH, " Y7
det ect o¢migidiraerits of3RS pfesent $ipraticro ringaiticolr, path pericd 4.]f[ﬂaefcﬁlﬁ®l4k6ﬂattbm sorre cases,

a fine phase offset estimation is utilized. The estimtio incI
subtrac$ rwaoqnﬁ@w%ﬁa@ B4R ReftoHy Iscaived: g sisnal lsvrle afil"ﬁd)wt Ssy“‘ﬁhe

sanpl e ATelegloflilculit™ 5 &@mltea&éttbibéitdungzs ttereiawéiwm vehseht @mtdﬁt:zaﬁanpl e
preceding (i.e., the sanple |IT before). 16 The difference is’ divided by two

times tpesterreitdetaeted duning 4 wsend@asximmetiemipetiod 20 thelsigoeli lee! peryidetibyither
Precedi §)gnc%gaec%or mrcuﬁ%?? ((j)lr 8 c%agggec?or cﬁ@i?i% ?25Oc n]::rsegses uring 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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2 * Maximum Sanple In this exanple, the preceding sanple corresponds to T/2
| ocati on 452 and the succeeding sanple corresponds to T/2 |ocation 456, and
t he maxi num sanpl e corresponds to T/2 location 454. Kis a nornmalizing
scaling factor that depends on the target where the detector circuits (i.e.,
sync A detector circuit 315 and sync B detector circuit 325) are inplenented
to use target information to determ ne specific coefficients used within
the sync detector circuits. The target information corresponds to the

det ect ildw diffargee ds diswldd by two tHakeathdanaonan vialetihaccoidaoed witli éhegfollovaing Vi r t er bi
al gorithmtdet ector, or a low density parity check decoder). As an exanple,
where tHe*" et ector 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 Fi ghas? g@ett:i pltrgeding deape s00Cseertig SeEpies a process of

i nterpol ating bu Pred user data/sanphsSsmplat may be used in relation to
different enbodi nents of the present invention. |In particular, a nunber of

dats STUBlESER0 SR P TRE YRR B bRy 1

i nt er pahapRAoR¥span@elot TR 196atibted 380 hii EHB @Rl inign 8mplB CoRepbhdub ar2 phasm of f set
for that sanple under the control of the error correction |oop 299. [0048]

Tur ni ngt3to Kes g nognalizing sspling fagpniadrocrispindhetaggehahpisdhs deteriaigaicéew t h
one or i QB . 1.QF [ user data
synchr o g?igﬁe%ﬁmg%{r ter nlz at(ag S%@? g&g&sg&rlrea&ﬁ‘gggf}rgw é]g{negt%g?(gé%ﬁga}gg offset in
accor danematidnho deteiming sgrrifadioetiticntofsed hithjprtbs eynte deientoe nir¢wots. ThRotdrgani ng

fl ow di.a&)r am 600, aé)iﬁri e ital sanples is received and éonti nuousl y

f di
quer | ed EENHAEPHETENTT odhe deieqtioh darasts Brdan A datadeleF Ot PHEERR EB5E. | n

parti cuigksbi hifgolitnm@kQidH HeflowdatifefarRy ek de@iar)f nlafl cksmsib akfi@dihen whi ch
synchroni zi ng patterns are to be |[ocated. In sone cases, toggling of a read
gat e sidgtestor crieHicatrevodar Hagey &lten, ukerlugaf 8.99P&mas be sk sharg thetwadapspr ocess
has star (bl 5 he.l nput data streamis queried to determ ne

whet he?aréaggwrasfi?(g@éergg’ rzagg)tegtl se>1ryric (e.g., synchronization pattern 106) is found
(block 615). At the sane tinme that the .jnput streamis being queried for
the firl8P+dat Hraipaéo Figne & wpwmeiagram o8l duspries prceess pbisdrelaiing bidred dat a
buf f er (bl Sksafibil had dhWRA3L IERISY RANTOBhEAIRMERL ARG kO i cfighiect ed
(block 615), the locati gn of the synchronization pattern I's calculated and
st or ed laphoicklas 20mbFhoisdatrsanipdesdaciecansispapdirigdo 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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approach graphically displayed in Fig. 4 above and described in relation to
Fig. 3 above. Alternatively, the location my be determ ned using any ot her
approach known in the art for identifying the |ocation of a signal. Once

synchroni zation pattern 106 is detected and its |location stored (block 615
and bl ock 620), the series of digital sanples is queried for synchronization
pattern 110 (bl ock 625). Once synchronization pattern 110 is detected (bl ock
625), the location of the synchronlzatlonﬂgattern is calculated and stored

(bl ock [888)]. Gmiesynelyonieatipomatiersilfg i dutecteddploglad h5)g§hapb¢ﬁaéam pithai spl ayed in
Fi 4 V. I F th th
ocat | onbopr 20aiRRaR ol Rl Fl el ghour ey, MR REYSs RORIELT ' 12
est abl i @lpﬁﬁch graf)hleﬂlgediqyaﬁﬂﬁﬁ Elg. habowad ahuldaioextﬁed bi t@lﬁhﬁoﬁ&ﬂl}lg Thbvewef requency

of f set ulated in accordance with the follow ng equati on:
Fr equenggg t¥V§15‘/t %ﬂclw@eg?mﬂ b CTPHP‘E‘%ﬁi HsiAg gy qt &PP@&%@@% lflg%ar&gﬁ 1.
Expect egdefifsihgRkaoddti®n %@h@fghat &shck egwﬁimu&{ bsigtn mlsrde@&e@enm@gca@n

calculate an rnitial phase offset | ock 645). The phase offset may be
cal cul atterdd (ockaddraddhbosk W20k tlter$er1¢smﬂdagﬂah@naﬂ|@as Aegried Phmsyaclophigation=

2" Che MIBtel dp Bh 673e st S s EAAS REEALERE arebpe tootPR) Tacloknl o

| ocat i ot thd symamxbﬁlmlolﬂﬁueﬂihe cslahlgted aﬁcﬁsioﬂab@slecma‘(ﬁ etrhmehyf feaipdensiyg tef set
val ues may then be use an_error correctjon Ioop to |nterpolate t he
earli erapgfwléarag%eﬁﬁ%@smlwédk Fgmdaboyerd teseribeimiglation 1 Gig- ¥aboyest or age
system 700 i ncluding a read channel nodule 710 with a dual synchroni zi ng
pat t er n[00Sr Wéttﬂaahqahooaiﬁms ofigynchiooization jsattstoldé and spoahomdzatioe paitari 1 1&r i ous

enbodi nen of, t rese i nv ge.system 70 be, for

exampl € taifﬁﬂﬁfida f “Cyd?f?ﬁ?é EBPE%QMQ;%%@ %‘ fg‘iqéuén‘iyr?gfsﬁtdé%y ¢ preanplifier
770, ancaldulfd ia@ecdr@dtct Mith@he ABwird dyadktebn: di sk control l er 766, a motor
controller 768, a spindle notor 772, a disk platter 774, and a read/wite

head 776 disposed in relafion 1o di.sk platter rf.ace controller 720
controls adﬁf@&&icﬁ@ﬁ@ﬂdh&—ﬁ@—&é@i&—mo c CQFF Lo Ll 6—el 774. The data
on disk platter 774 consists of gr&wssedisiggpdeti c signals that may be
detected by read/wite head assenbly 776 when the assenbly is properly

posi ti ongeapiu@itedir&fueidyadtser mAy then bB usdQo eab@dic mitialdihake ¢rifsat wckaé)
i ncl udes magnetic signals recorded in accordance with either a |ongitudinal
or a pefirertpcefifsgt magbe 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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recordi ng schene, and including user data regions separated by servo data.
The user data regions nmay include two synchroni zation patterns simlar to
t hat di scussed above in relation to Figs. la-1b. [00521 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. Motor
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
assenblrgcarding pehepreopul inglydiag upadirtagegidissiepppigt beseryy aigndée usdidatadi r ect i on

of har ' I t.Or. i S tLer 4 at a
det or i g ey ek b ffionRUAEb SRR I8 BRURA o D: Bl 6

posi ti diigd ladpacent the proper data track, nagnetic signals representing
data o i platter 774 are sensed by read/wite. head ssenbly 776 as disk
ot a t er10682] 8 ohigalfead g SRR s grd Foom 076 iureacDeamentd & gnal s

are praybeechnasila BeverHQifed BAR Hhé AN@LIOPIaREIT3] MAB &pa0l&Ic8®of the
magneti c data on disk platter 774. This mnute anal og signal is transferred

f r om r ewditipns tead/ Meideihead sesebibly 77teintrelatiereid diskipdatiee 7 74rentldrévey spindle anotor
preanplifier 770. Preanplifier 0 i.s operaple to amplify. t m nut,.e anal og
B oo 20l vepl R et 5oLy olsBe, SRR YRR B T sk 274 MRS 30

de fc odesdigaton ¢fil@id (ﬂilzlle60rttlh)ﬂelf msp’lﬁgle&lﬂtﬁblﬁu2&bgﬂ aiﬁskt]cﬂ)atfeﬁGVZE?taeje'téﬁﬁiined ded
information originally witten t isk platter,  774. This data is provide
as readPHuPlE (%g’@-@l&eﬁ?@é‘iv‘i}ﬁer'i’ﬁa£?%s%‘ﬁ'i’lﬁ TS ppsittongd adjaceatiihg @rqpﬁregat% ecei ved

i nfor i ; | 847104 r I | ed upon
the | oa o B e O ¢ e L RN e

synchr cassenattly @76 pradiskeplattesi 7t lismotated hyhspindlaingond g d halsowsed magnesicasignels t o
Figs. 1-6. A wite operation is substantially the osite. .of the ecedi ng
ead oply BTV & ¥ ROUPEPY BURUC HBIORRPIRY Rrserlty FTORe asreif SRR Msdul e
710.  Thitger ¢4 @ hismirheranangaded] 8 hdnykirdd @om renddirsts hphdissanbly 746 td REH3] | n
conclusion, the invention provides novel systens, devices, nethods and

ar r angethaied mogplegd @ atasirernplifisr 87 QgRrepmplififn 7w nsradds tgiampli @8 &¥nwe i ons of
one or : i t . i ntyj i i ous
Tt o1 e Piog sigRIE IRl fonf bisk Bk AT B X POHRR (T B Ses ¥R oo

ski | | eddiginiz¢sttbe mctived drtadng sigrat to nagredite dhm infoematporr ort il ytvindtteni tndisktplaiar  For

exanpl e, one.or nore embodi nen f the present inyention may be applied to

Vari ous Har bl age SR i Aegp s Beannieals o SufRlaeBelth as. for
exanpl enecdivRiEnforRE@I kdad cB¥eEABIulent 0 E@forﬁlﬂs skofédrietion Wsk@Lgsstheyst ens, and
digital subscribe Iine systenms. Therefore, the above description should not

be t akelacagion|of tetfirpigynehaonisnioa petterngad theseennid gpinchronization 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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which is defined by the appended clains. 19 WHAT IS CLAIMED |IS: 1. A bit
density efficient systemfor accurately processing user data derived froma
storage nedium the systemconprising: a storage nediumincluding a series
of data, wherein the series of data includes a wuser data region, and
wherein the user data region includes a first synchronization pattern and a
second synchroni zation pattern |ocated a distance fromthe first

synchroni zation pattern; a storage buffer, wherein the storage buffer is
oper abl WHAT IR ELAIMED ISeast a portion of the series of data; a retinmng
circuit, wherein the retimng circuit is operable to calculate an initial
phase of fset and ,freque f fi i el e
buffer using a filr'st ?\o@ﬁ%{?n%%%%imiﬂﬁéy sfelnfgotr a@@ﬁ%ﬁ?@ﬁ&fﬁ%@#ﬁ%@g%‘%gnd a
second franatsiopapeatfiedidie, the spran sympdvigni zati on pattern; and an error

correction loop circuit, ere the error. correction |oop circuit{ re-
sanpl es the seri dsSifaggteqium Sl aseFfelaGu %rﬁlrﬁﬁgéﬁleapfﬁ@agﬁqdﬁ%an on

the i nijdeplatPRass, Ald whlreindur Eldft;@%gﬁﬁ(iﬂcl]ﬁ(ﬁécs%%rlst s%nch}@ﬁzﬁ%%tp‘ﬁﬂélﬁfan@!aai m 1,

wherein the retimng circuit conprisées: a first | oCation calculation

ci r cui tsecqusesya¢hioniiationipagern|lewead agdistarde diinathie distsynahundrtization pefesnabl e t o
determne a first Itorcatiugerc rrespon i nge tg thseofi ettosfgrécvréraggei z,[at ioopOn
pattern; a secon(ﬁ%%%etl? ecalcdl ats one |lfu{ﬁff, PRHRI e A“The Cond ftocation
cal cul agfithdrseries 6Ldhtd; i S operable to determ ne a second | ocation
corresponding to the second, synchroni zation, K pattern; a frequency offset

cal cul ati on ci rcdiFEUM{geitsPie Whraeip thsfgdming cicpid itonesble fo seiculate ajipidal ¢ | s

oper abl 6,500 8l i Aeficy! JRILRRG UeRIdiSAL wiAR 8t BradERiTer WlinP 8 st Akalillp 11 st

| ocation and the second location; and an initial phase offSet circuit,
wher ei noftthefiishiyniclrionjph@gepatefrsaid acieeandi location opdie abdoad tspnchealiztibapatean
initial phase offset based at least in part on the frequency offset. 3. The
system claim2, wherein calculating the frequency offset is done in

accordance w th tderfptdedmiog lcd@athi@ivherein the error correction loop circuit re-
samples the series of data from the storage buffer based at least in part on the initial phase offset

and a frequency offset.

2. The system of claim 1, wherein the retiming circuit comprises:

a first location calculation circuit, wherein the first location 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 synchronization
pattern;

a frequency offset calculation circuit, wherein the frequency offset calculation
circuit is operable to calculate 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.

3. The system of claim 2, wherein calculating the frequency offset is done in

accordance with the following equation:
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20 the frequency offset= the second |location - the first location 1 the
di stance 4. The system of claim 3, wherein calculating the initial phase
offset is done in accordance with the follow ng equation: the initial phase
offset=the first location -(bit periods)the frequency offset, wherein the
bit periods corresponds to the nunber of bit periods fromthe first |ocation
to which the initial phase offset corresponds. 5. The system of claim 2,
wherein the first location calculation circuit conprises: a synchronization

detector circuit, wherein the synchronization, detector circuit is operable
to detect the fi r}&tfrajytﬁdyrog‘s'éttt tiecbrdl] a%o, ; e fptlo B%:ipn cal cul ation

circuit, wherein the location cal cul ati détansait cal culates a |ocation of
where the first synchronization pattern was detected by the synchronization

detector circuit. 6._The systemof claim1l, wherein the retiming circuit
conprises: a wi ntrow sfghsted) ofclain 3, wheres) quWlPélnﬁjt%‘GwaiP'@qﬁPffé‘?tﬁ% e s

oper able, &-Qrdagl&nbitif de fgt”(fv(,iﬁ?g Wkipglow during which the first synchronization
pattern 1s expected within h% series of data, and wherein the w ndow

signal circuit i ghedpivhphesevfiserdehe fifsyloentmacqbid periodiihe dheyiangy offtai ch t he
second synchroni zation pattern is expected within the series of data. 7. The
syst emvdered hie it periggfesosieppanfstoghe prmbesof bt prideds| feap theifirstupeatien pwhishs:  a

di gi tal ; i it, wherein the digital phase lock |loop circuit
recei véll‘éqpﬁ%ﬁ?ﬂna?‘?&af%e?gﬁrg%g&ﬁ#fset and the frequency offset, and provides a
bit period by bit period wupdated phase shift output; and an interpolator

circuit, whereinsthe Thégrispel et Q4imCl, Wheicin thetfiest pedatibesaléngicnediices of data
accessed fromthe storage buffer. 8 The systemof claim?7, wherein the
ge‘ri es “OfPdEPa accessed fromthe storage buffer is nultiplied by a gain

2

Ci’f rection factop (hRnifaloR 800l BHchlt APAALIR thPHnLitGnizAtinSlRRIRLREuiF]s" Cul t -

operable to detect the first synchronization pattern; and
a location calculation circuit, wherein the location calculation circuit calculates a
location of where the first synchronization pattern was detected by the synchronization detector

circuit.

6. The system of claim 1, wherein the retiming circuit comprises:

a window signal circuit, wherein the window signal circuit is operable to identify
a first window during which the first synchronization pattern is expected within the series of
data, and wherein the window signal circuit is operable to identify a second window during

which the second synchronization pattern is expected within the series of data.

a digital phase lock loop circuit, wherein the digital phase lock loop circuit

The system of claim 1, wherein the error correction loop circuit comprises:

receives the initial phase offset and the frequency offset, and provides a bit period by bit period
updated phase shift output; and
an interpolator circuit, wherein the interpolator circuit interpolates the series of

data accessed from the storage buffer.

8. The system of claim 7, wherein the series of data accessed from the
storage buffer is multiplied by a gain correction factor prior to being interpolated by the

interpolator circuit.
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9. The systemof claim7, wherein the error correction |loop 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

provi ded by the digital phase lock loop circuit is based at |east in part
on the data output. 10. A nethod for processing user data derived froma
storage nedium the nethod conprising: providing a storage medi umincluding

a series of datag whefgl §stheos@iihes viferdipin@ errbpé‘drl%‘éﬁ% RopftuifiAf@er €91 ON,
and wherein the user data region includes a first synchronization pattern

and a %WH@SSynchr on| zation pattern | ocated a distance fromthe first
synchroni zati on X r.omthe stora d storing
the resulting sefllB d8fe°f85f‘é gﬁgfe&a‘?aéecgogf‘@?%‘@ B&P?@? 0 nfpr‘hpnl ng a
first |degadd fedin efe ihfdEpoldt6isdircal HE eI daad di@putpaidtveiensin ﬂtkeate]sdmoal ®ita second
| ocation of the second synchronization pattern; calculating a frequency

of f set Pgried awatqdmha%ﬂ shﬁha@éutdf@@étd %@édlgﬁﬁl nhassslock fpopaireuibis baadeat faasts ¢

| ocati qH e,at%e) q | ocation; and interpolating at |east a portion of
the seri & ata romthe storage buffer based at least in part on the
frequency offset and the initial phase offset. 11. The nethod of claim 10,
wherein deterrn'ni g the f | ocation of the fir synchroni zation pattern
i ncludes: detecti ﬁg tﬁénttf*?iforgw@fﬁ%f%t%ﬁﬂaaé?r@frha PArgn AR 8¢ of data
and assgethéd\@nrisingSt  synchroni zation pattern found signal; and determ ning
a nunber of bit pergl ods froma defined point until assertion of the first
synchroni zati on petidnga stotagd rr@idgmlalnch@ﬁlg]a.ZieriEM datst, bdreof the serianof B3ta wher ei n

bt or mi Y EraR B BBA YR e et ey TETRER SalPEr BB ¢ urcner
i ncl udegattern 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 to a storage buffer;
determining a first location of 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.

11, The method of claim 10, wherein determining the first location of the first
synchronization pattern includes:

detecting the first synchronization pattern in the series of data and asserting a first
synchronization pattern found signal; and

determining a number of bit periods from a defined point until assertion of the

first synchronization pattern found signal.
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interpolating the series of data using a T/2 interpolator circuit to yield
T/2 sanples; determning which of a T sanple or T/2 sanple exhibits a
maximumw thin a first synchronization pattern wi ndow, and assigning a

| ocation of the determned T sanple or T/2 sanple as the first |ocation.
13. The method of claim 12, wherein determ ning the second | ocation of the
second synchroni zation pattern includes: detecting the second

synchroni zation pattern in the series of data and asserting a second
synchronization patter hoHs oPLGRRIG, WIRIEG! fHRudds SarfiEbRla Rliolt'rito BRI 0dS
fromthe defined point until assertiodn of the second synchronization

pat t er 7 sampled, aaid gvielein deternTihimgniet fucdlocdtionlodilra first, synblep@izaticchgtaetenm fithey t he
second.l ocation of the second synchronization pattern further includes:
interp&Fﬁfeﬁg the series of data using a T/2 interpolator circuit to yield
T/2  sanpl es; dein%rﬁ&lﬁ‘t'irggth@/@érfe@ 0PHat® uding AR BitedpoldtoLciBRMRb Gicfkinbi ts a
maxi mumwi thin a second synchroni zation pattern wi ndow, and assigning a

| ocat i samples;t he determined T sanple or T/2 sanple as the second |ocation.

) . th i Si ng.: Jredi
el udi ng aser | Sueging Ut APE G S L2 ATBE e i A i EhFRRATEA B aca

regi on syiebnaBbEpattekMGindD@r agkt @ regi on includes a first synchronization
pattern and a second synchroni zation pattern | ocated a distance fromthe
first synchroni zasiggmgselesaionof therdeteamiper (fesapplerrald3 s#pply agihsgsged in

rel atiqg.tg,the storage nmedium 23 a read channel circuit, wherein the read
channel "Circuit is operable to receive an analog input derived fromthe
read/ wite head assenbly that corresponds to the series of data, and

wherei n the read]ghanmgé meihbg ot tlaind €2, UARSsIn detSinIhRGehOCHRT locamdarcgite t he
storage buffer is operable to receive at |east a
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.

14.  The method of claim 13, wherein determining the second location of the
second 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

second synchronization pattern window; and
assigning a location of the determined T sample or T/2 sample as the second

location.

15. 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 pattern and a
second synchronization pattern located a distance from the first synchronization pattern;

a read/write head assembly disposed in relation to the storage medium;
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portion of the series of data; a retimng circuit, wherein the retimng
circuit 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
synchroni zation pattern and a second | ocation of the second synchroni zation
pattern; and an error correction loop circuit, wherein the error correction
loop circuit re-sanples the series of data fromthe storage buffer based at
least in part on the initial phase offset and a frequency offset. 24

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:

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 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 error correction loop circuit, wherein the error correction loop circuit
re-samples the series of data from the storage buffer based at least in part on the initial phase

offset and a frequency offset.
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