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“‘Ffrel d of the Invention This invention relates to-data storage devices such
as a disk drive, and nore particularly to error detection and correction of.
servo system data encoded in position é@rror signals on the disk.

Dgscription of Rel atedpfSK pRVEBWITH rm—*@ammbwsnmbpaasnwmaaor nor e

‘di sks. and a head (for each di 1% @ng icdAL EIRD DSt Uator which is
posi tionabl e over a sel ected I?)??O'% the tracks on the rotating disk. A

votce coil motor (VCM is commonly used to position the 2 actuator on
whi ch the sliders containing the heads are nmounted. The slider noves either
radially or arcuately toward or away fromthe spindle center of the
rotating disk while trying to find or "seek" to a target track. For any
selected traok, data is recorded upon the track via a "wite path" in the
system Alternatively, data is read fromthe track via a "read path". The
positioning of the slider is typically controlled by a closed | oop servo
system The servo is operative both in placing the read and/or wite
transducers (heads) over a target track initially (SEEKING and in assuring
that the appropriate transducer is

Field of the Invention
This invention relates to data storage devices such as a disk drive, and more
particularly to error detection and correction of servo system data encoded in position

error sig_nals on the disk.

Description of Related Art

A disk drive typically includes one or more disks and a head (for each disk
surface) mounted on an actuator which is positionable over a selected one of the tracks

on the rotating disk. A voice coil motor (VCM) is commonly used to position the
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fol I'%bwing the track while the data.is bei ng read or witten (TRACK
Y“FOLLON NG . A portion of each disk track is formatted to include at |east
one and typically several servo fields to allow the servo systemto update -
its head position several tinmes during each revolution. Each servo field is

fyrther forgegbed otll%dllxteﬁ g dees H&ltﬁﬁh% #hB sl 418 niGifitdd. OThesiider ﬁtbgé’s'ﬂ‘élﬁter

(PESs). The PES fi are convention y bursts of constant anpl i tude

si nusoi dal si | s_which.. | engt h_an

i nterval s. ﬂfg@g" 2] %‘TCH%teQ' “@5%81' gﬂ%& P 7 ‘§q§$90t§f\t‘%ﬂé§a”¥‘§llw th
the position of the read head and all ow t he preC|se ositioning of the
heads over tiyingtodfind mhésepleSor g targefitragkc &os pay selegted Haelg dgta lﬁdgeordcdtggendw
bursts of transitions, for exanple, an A, B, Cand D burst. If the neasured
anpl i tude otxabtaetéw%se &H? apitRSysteal Ahemheddly, datd iilread fid@sHeithitk Vihgn a
control signal is generated to the VCM to adjust the position. A servo
system typi QPEI ryR?g{u:I udeSs a servo processor which controls the VCM and
nonitors the s?g data being read fromthe disk. One way of organi zing
di sk storage tracks is to divide a track jnto data _sectors, a_data sector
being a fixed nuriempositiopingofthe shderdisiypically rontrobed by méosgérlcnp $RAVQ S¥iem.
PES information are typically located along radially arcing |ines, but in

t he commoni Thesero'is operakive bottriarplaciag theARBmI and/oh edite hansdutsbtsr(hemt) p%et 4i on
of the data sectors varies according to the distance that the track is from

the center %ﬁ%&% lﬁﬁ]aél&ggg;r K (@’égﬁ’q’h{aassﬁﬁﬁé k5l thedppRbpridte RanSdicSPls

5, 210, 660) . servo sectors

following the track while the data is being read or written (T‘RACK FOLLQWING). A
portion of each disk track is formatted to include at_least one and typically several serwto
fields to allow the Servo éystem to update its head pbsition several times during each
revolution. Eaich servo field is further formatted to include Servo data including position
error signals (PESs). The PES fields are conventionally -bursts of conStant amplitude .

| sinusoidal signals which are of equttl length and are spaced at fixed intervals. These
fields are used to generate analog signals which vary with the position of the read head
and allow the precise positioning of the heads over the track. The PES typically consists
of three or four staggered bursts of transitiohs, for example, an A, B, C and D burst. If
the measured amplitude of the.bursts indicates that the head is not in position, then a
control signal is generated to the VCM to adjust the position. A servo system typically
includes a servo processor which controls the VCM and monitors the servo data being

read from the disk.



. per Wrack. This results in at |east sone of the servo sectors bei ng | ocat ed
*inside data sectors forming a so-called "split-data field." The servo
sectors include the PES and servo data including track identification
(TID) and other control information'. Cgnventionally each track has its
uni que track ideryhd F Bganizifg diskS1dragEtradidds 85 @ividePORadk b tita’ Reisled
waﬂg fpanizitiz distSporge 1Ty i X

In thke servo data. Dur ving radially inward or outward,

the servo systemreads the TI.Ds from.the ser ectors o track. .The Tl Ds
oLl “the selpls SepEhting &Tute mbmpe brous Ry AR Histrath, i $R edond
systemadjust its velocity, etc., to navigate to the target track. A

typi cal pri GESinformationtare ypically loeated alongtradislly erging Haes, bubint e comimenly
fields: --Rd/W AGC SID TID HI Cyl PES --. In this format, the SID

(Servo ID) cked BERbiERDSIEHS’ gm) trhéthé® thé REMBEr 4T positivh bPGRidat $dtfors
begi nni ng of servo sector position information on the track. The TID (track

I dentit char.acter i.s | cal e sSse cade k. aqreflected

bi nary (Al sq ey paerdifieod B @siahes 1R ARG oduf s WRle) of b (SR Y.
TI D nunber varies fromtrack to track b 4 only one digit. This assists
robust readiexgmple, Hetder gbal. M&%m&i&ﬁ%é@- oblsudlly, dhare ate seygral sewoldenigrs
HD (head) and CYL (cylinder) fields nay provide other information. In the

prior art, ipeetrackaVhisheaitsitaekabi site dOthe sorvossitoss bdisg Ricated iasiae data
i nformati on. Cunni ngham "Quad Burst Servo Needing No Sync |ID and Havi ng

Added sectors forming a so-called "split data field." The servo sectors include the PES and

servo data including track identification (TID) and other control information.
Conventionally each track has its unigue ﬁck identity (TID), i.e. tﬁe track
a&dress, magnetically recorded in the servo data. During a .SE_EK, while moving radially
inward or outward, the servo system reads the TIDs from the servo sectors on a track.
The TID:s tell the servo system where the head is at that moment and allows the system
adjust its velocity, etc., to navigate to the target track.
A typical prior art format used on servo sectors comprises the following fields:

- - | Rd&/Wr | AGC | SID | TID | Hd | Cyl | PES [| - -.

In this format, the SID (Servo ID) character consists of a timing line or mark and locates
the beginning of servo sector position information on the track. The TID (track identity)
character is typically expressed as a codeword in a reflected binary (also called a “Gray”

code). The virtue of a Gray code is that the TID number varies from track to track by



I nf or mation", 1BM Technical Disclosure Bulleti n, Vol. 33, No. 3B, pp.

3%198- 200, August 1990, describes a quad burst servo pattern in which
approximately 8 bits of information can be encoded in the PES burst by
phase mani pul ati on of the fundanental sinusoidal frequency which is used by

th o

For mor mal - SR are SRAE il ofcits RURBEr g R TIBR WVt phn OUBER aPboIB VUHHE
burst identif t .. B,, C o ' .bits, .

wek | a5 somiobH rkngotEh (AR andiel e HeksmaY peuid i infpianoh

Simlarly, Andresen, U S. Patent 4,195,320, "Record Track ldentification
and Fol | owi ng", iladbegridvhaxtithers havedeen saggestionssonenriching thesRESrstared a
fl oppy di sk which uses track address information digitally encoded in servo

bursts usi nqnﬁ,rﬁ{ahgh,ngcﬁﬁﬁiﬂgﬁaﬁpdeua&@u?ét%@n}m%m&é Sy 1D #PHAVING Added

obtain an ana og measure of the'read transducer's positi‘on in'relation to

t he track. nrjic f. P el ds lj.K t he ctor
can result Hﬁeﬁggglf i ’§§i 5@?31'%2 Hcg%l :{3’ ﬁ?nggrg tiﬁgg@%ﬂ&

posi tioni ng of the head/transducer over the target track vul nerabl e where
the servo sd@98y désefibesiaizahbist serve ppttérnlin whichcapproximately by bigs pbinformation
erasure. The corruption may occur randomy or intermttently. The sources

may be i nducgd bRRineSdeddinahe PES biftst byophasé thanipifation of the furklaiiEntal siﬁusbhfﬁl

| nventi on

frequency which is used by the servo system. However, the phase method results iri a
loss of amplitude for normal servo detection. The information can inciude data unique
to each burst identifying it as A, B, C or D, for example by using two bits, as well aé
some of the lower order bits of the track or sector number..

Similarly, Andresen, U.S. Patent 4,195,320, “._Record Track Identification and
Following”, issued March 25, 1980, discloses a servo system for a floppy disk which
uses track address information digitally encoded in servo burste using a sliding modulo |
code and also integrates the signals to obtain an analog measure of the read transducer's
position in relation to the track.

‘While enrichment of PES fields and the like in the servo sector can fesult in
enhanced device access performance, it renders the accurate positioning of the
head/transducer over the target track vulnerable where the servo sector information is
susceptible to corruption by error or erasure. The corruption may occur réndomly or

intermittently. The sources may be induced noise, phase jitter, or the like.



I'n accordance with a first aspect, there is disclosed a method of operating
a data storage device having a plurality of tracks, conprising the steps
of : positioning a read head over a rotating disk, the disk having a
plurality of prerecorded positional errg signals (PES) thereon, the PES

encoded with a plurality of dat a1Sﬂrhﬁ1£;g‘B?th9n9§hﬂ9n53| ected to nmaintain
anal ag signal characteristics regardliess 0O ate stored in the PES, the PES
bei ng positioned srelatjve to centerline of,the tracks so that there are
oL <l sabt fi et afveaBslsree Vsl Sl ot f58 R End Sp Blovs i 36
PES having a common relationship to the centerline of the tracks and the
second gr oupvedraspESnebod of aeeordinging elpiewingrservo information withopigtestionHtny
being offset fromthe centerlines of the tracks, and first and second

groups of Pefyohsi desdi{tled Herdih.0 M HRCAe®bl OF t iRentidMEinvo ek fiappRigitHei Ng a
first waveformfromthe read head which is induced by a PES in the first

group passin ar .t read head: .converti the fhr an into a
first plur apﬁf@%wl%ﬁ%ﬁ% o5 Y Qaéa, gﬁ? P‘&@%Y?{gs 3’“{5’1 rt%{i%%; ﬁ‘fm pUQR 3ychyas
fromthe binary data bits; testing the plurality of bit-vectors for

devi ati ons 1R axepoReRTestioncode 666&) end then reeording thase eadewords into hePESpear
to determ ne presence of an error; correcting an error using redundancy

i nf or mat i on fielist Mhe!BES fiekds ol typioallyles fedoried on'thé diskiap tepime of emarmufidtaek
| ocation fromthe plurality of bit-vectors. In accordance with a second

aspect, the ' ' t | LS] D0 S -di Sk W a
i aral |ty opissTitgbEhe SRR diaking’ MR AN BECORD Mlndd M 2
with a plurality, of data, the encoding beidrig sel ected to pmint-ai_n anal og
si gnal mainfain analog signal characteristics regardiess of the data stored in the PES, so that

-

minimal, if any, change in the conventional servo detection ci_rcuitry is needed use the
PES bursts as in the prior art, as well as, sources of digital data. Thus, the codewords of
the ECC are constrained in the allowed weights, e.g., the number of 1's in each codeword
(or magnetic transitions), and run-length-limited (RLL) attributes.

Ina preferred embodiment the servo data mapped into the ECC codewords
includes track identification (TID) which can be represented by a fixed number of bits of
information. The bits are converted into one or more ECC codewords. Additional
constrafnts such as equal weight are placed on the code by mapping the data comprising

 the TID into limited set of bit patterns (bit-vectors). If disallowed bit patterns are read
back, then an error is detected independently from the ECC syndrome calculation process.
Placing the TID information in the PES fields using the robust method of the invention

optionally allows the conventional TID field in the servo data to be reduced in size or
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characterl stics regardl ess of data stored in the PES, the PES incl udi ng at
“least first and second PES groups with the second PES group being radially
offset fromthe first PES group; nmeans for rotating the disk; a read head
which'is positionabl e over the disk whea rotating so that a PES induces a

vavel or m | h ARfinaRA%ELA felifl hBRaSCRTDGAhLBRAGT. A gﬁyﬁﬁg%%% fptgof BOC

det ect or whi ch receives orm out pu

plurality of data bits correspondi he wav ef - 6- first
and second FAEP% Sr"é@lbaet@Pg g\“’ §E%F¢T§j’ Qmpen Hpﬁr%&f’i}aﬁa‘ﬂ%’t“ég ’B/PF@C are
corresponding to a waveform timng controller for selecting the first
pattern regipefarrelo receive the plurality of data bits for each PES in a
first PES group and for sel ecting the second pattern register for each PES
in a second PES 8& of i inYeltidrs thelr RIADNPHT vAGtd ' the PESTRAG f 4 | ™
whi ch is not equan to a t| me thgtettﬁe PES in the second PES group paizlsées
the read head; and a PES dat oce r.for . extractin ack |l ocation

i nf or mati on §e;le(9m emm‘gﬁ}c‘ﬁy&'ﬁ gﬁg)fﬂff’%(’hltﬁaqﬁlfﬁco eGP thay pag SES
the PES data _processor including a syndrone cal culator and an error
corrector. field in more than one group of PES fields. One group of PES fields is centered on the

selected track while the other group of PES fields is offset so that it partially overlaps the.
adjacent track, as well as the selected track . When the drive is operating, the
-previously recorded ECC codewords in one or more of the PES signals ;s read and the
constrained symbols and the ECC codewords are used to ascertain the presence of errors.
If errors are found, correction can be performed up to the limit of the selected code. The
corrections are made by computing the syndromes as in ECC prior art. This gives an
estimate of the servo data that includes the TID. Thg TID used in conjunction with the
waveforms induced in the read head by the PES gives a precise measure of the position

of the head on the disk.

Brief Description of the Drawing

Fig. 1 depicts a block diagram of a disk drive expressing the major data flow and
control flow therein according to the prior art.
Fig. 2A shows a typical prior art servo sector format with field designations and
bit lengths.
This Shee THIS SHEET HAS BEEN
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_In dccordance with a third asp'ect, .there is disclosed a data storage device
X = . . . . . « « «
conprising: a disk with a plurality of position error signals (PES
recorded thereon, the PES encoded with a plurality of data, the encoding
bei ng selected to naintain anal og signgl characteristics regardl ess of data

stored in the PESg t4e: ' i Ng.: ' tﬂ’ﬂg = 0UPS
w th 4 he second g:lé% %lfgcl)lgp agélg%géégtf%g?é rfrlr%tg%%t%ﬁéd WSt @%ﬁ%&?@%ﬁd
head which is sitionabl-e over the disk when rotating so that a PES

i nduces a wd ORI L0 e aVeRHAN. when the read head passes over a PES; a
PES data detector which receives the waveformfromthe read head and.

out puts a pl ur al iKig. dteplatsanxixamploaccesdiogth thg invention of@neddingcombawdsiiD he
magnetic transitions in the waveform and a PES data processor for
extracting tahdPsd ¢akd Qt'i‘liiiﬂé%ﬁﬁitf@ﬁb& REB-$ Bt & ichiteSiiorfedde ééb%;i?‘d'n to
conprising: a bit-vector extfFactor tor partitioning the plurality o éa a
bits into a IuraIJ.tﬁ/ of bit-vectors; a mapper which outputs a

correspondi ﬁﬁe fB8®™i n a predeternined table, for each bit-vector in the
table, and for each bit-vector not in the tabl e,_outEuts a sel ected synbol,
t he symbol s havi fjgfédtustitesshe Hegic precessing blocksin a BESdath prosessal aedoading to
whi ch uses the synbols fromthe mapper to conpute error correction

syndrones; anEnbbdimenf of B8 ligtcntionhi ch records PES data processing errors.

Fig. S illustrates the positions of the PES bursts in relation to thé data track
centerlines and track ID content of each burst ona disk in an embodiment of the
invention. |

Fig. 6 1s a bléck diagram of a PES data processor according to an embodiment of
the invention. i

Fig. 7 is a block diagram showing a PES data detector and PES data proce.ssor
in relation to other servo systemi components.

Fig. 8 illustrates the error registers and track ID registers in a second embodiment

of the invention.

-
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BrleT Description of the Drawing Fig. 1 depicts a block diagramof a disk
“drive expressing the major data flow and control flow therein according to
the prior art. Fig. 2A shows a typical prior art servo sector format with
field designations and bit lengths. Fig.g 2B illustrates a servo sector
reformatted with field designati. g to the

I nvention. Fig. 3 depicts MMMWl on of encodi ng
conbined TID and PES values utilizing a constrained Reed-Sol onon error
correction code atBdembediment dﬁ%’ﬂh@dgﬁh‘&)ﬁ merely illystrativgandds aet intendeddpbe
processi ng blocks in a PES data processor according to an enbodi nent of the

i nvention. Himgititg, thd later Bdigg theRinpien bf e <laiins apperfdnty therspesificatise! at i on
to the data track centerlines and track I D content of each burst on a disk

in an enbodi nent : Hﬁlﬁ}n
pr ocessor accordlﬁéfeﬁﬁgahwﬁﬁ&:oé) ﬂférg?s ?ﬁgﬁllﬁ}gl ?lﬁlcé)%%!@r& 'S gﬁcl)(g@‘%
dlagramsho ng aP dat.a det ector and PES a{ia pr |n relatlonto
ot her servo }»‘%tf%t A5 enempeRets, g data flow a 1F‘é‘ﬁ?‘§fi€¥%t°aﬂi'é
track ID registers in a second enbodi nent of the |nvent|on

prior art. A modern disk drive may have one or more microprocessors controlling

various functions. Figure 1 shows a design with a single microprocessor 116. The
program for the microprocessor is commonly called the firmware. Commands and data
' for the drive come in from a host device (not shown) via path 162 into tLe interface
electronics 114, where the host level commaﬁds iare translated .into device level
commands and actions. The controller electronics 115 coordinates activities and data
flow to and from the Read/Write (R/W) Electrénics 113. The Servo Electronics 112
(which typically includes a servo processor) receives raw position informaﬁon from the
read head(s) 108, including the signal induced by the PES bursts and the signal
corresponding to the TID, then controls the movement of the actuator 106 through _
electrical signals sent to the voice coil motor (VCM) 110. The heads 108 are mounted
on the ;nd of the actuator 106. The disk 104 is rotated by a spindle motor (not shown)
around spindle 111. The slightly arcing servo sectors 120A, 120B contain the servo data
and PES bursts. The data is written in circular tracks 118 on the planar surface disk. The

tracks are divided into data sectors 154A, 154B where the user or customer data is stored.



8: Description of the Preferred Enbodi nent The enbodi nent described belowis
nmerely illustrative and is not intended to be limting, the |atter being
the fupnction of the clains appendi ng-the specification. Referring nowto
Fig. 1, there is shown a sinplified bleoock diagramof a disk drive

il l,ustrating th ' Q dat a; fd- t '
according to thihm E&FE&%&? %‘Z%‘m gTes Egéd(?&%rgg%alggﬁﬂ{aé@ %éﬁé&}(g‘rn &r%g"ﬁsgdﬂg on

m croprocessors controlling various functions. Figure sho a gesi n wth
a singl e niheraprdasasignals from theyead heagsand convarhhess %ﬁ?é? Hﬁ%g’ﬁw g c,(gm‘mnl y
called the firmvare. Commands and data for the drive cone in frama host
devi ce (nodtreahvn]’>s\and 8. ITHGRAW dit sighals iwritenfonte thel disk aremonstraife] wher e

t he host | evel commands are translated into device | evel comands and :

actions. The. cq I |.C : Jat £9; VN .
flowto an%:%f’ & nﬁé ?(ﬁééh%égg/% %%Hj(nﬁ?ﬁ}@gﬁ %m?s&%@tﬁgé%gg%gwe gﬁh%’
p0si 1 on | OF P SHIPBIomEeMAIcreal 460 SRR RRds. 108 COMREIeANEY (ha 45 Sosedina
i nduced by the PES bursts and the signal corresponding to the TID, then
control s thefferquotshniwn)f tAtehisstagetthe d4taén thertmfieh inelwdes rédumdandyginformationt
to tr_]e voice coil motor (VCM 110. The heads 108 are nounted on the end of
the actuat pichfl pall PREColhel by of SRS, Mho BOTPLIMI by WStk iRl

around spi- arcling servo sectors A/~ 120B contaln

the servo §85 dvpically called host or customer data) bytes form ECC Godewords. The ECC

detection and correction hardware and or ﬁnnware is commoniy corisidered to be a - o
controller function. When no errors are found or wheﬁ the errors-ha{)é_I been corrected,

the customer data is sent to the host without the ECC bytes. It should be noted that the
‘'servo related information, i.e., the T]D and burst sigr}als are not typically sént to the host.

. The disk 104 has a thin film magnetic coating which allows the servo infonﬁation _
and the raw data to be stored as mégnetic transitions. The servo sgqtor data.120A-B' are
typically written in arcing radial lines at régulaf radial (angular) position_s arounci the
disk. For purposes of this invention, a sector is defined as a fixed recording length along
a track. For instance, a typicé.l data sector might be 512 bytes in length. The data sectors
154A, 154B are placed somewhat independently of the servo sectors, so that there may be
rr_l_u_l_tiple data sectors between two servo sectors and servo sectors may fall in the middle
of a data sector forming what are called split data fields, e.g. 154B. If the tracks of a disk

are formatted under ZBR as mentioned in the Hetzler *660 patent, then tracks in outer

ny



_and 'PES bursts. The data is witten in circular tracks 118 on the planar
“surface disk. The tracks are divided into data sectors 154A, 154B where the
user or custoner data is stored. 9 The R/WEIlectronics performthe basic.
denodul ation and detection decisions ondhe raw data signals fromthe read

Oay: The r autind ol dRRplATS pidteRak s4Pks Ger B9 KERR Barlhe JelRiin

to schefmres such as run-length |imted (RLL) codi ng which enhance the_ .
ability of tiHBeIApseshP3.oAH ug%tﬁlyﬂv%aoﬂqaéfﬂg\o&vﬂdacﬂeguf?ﬂet tlshq axdpitrary
binary data are stored in a buffer (not _shown). At this stage the data in

t he buffer ilimitwiahe hanhbetefgonesnf ormation typically call ed ECC check bytes
or synbols. The ECC check bytes together with the true data (typically

cal l ed host or cug isd@%lgglr( gﬁg?gmfsﬂf,m PEQUS e%%m{@é%@?%ﬁﬁ&%&?&

and correction hargware an myvare 1's commonly consi
controller functi.on. n no errors are.found gr when the errors,. have been

corrected, tiR&ekation tpanalag servp Progassing SICHETyApd @ SRIYORFCessAthat-dlusirates the

shoul d be notéd that the servo related information, i.e., the TID and burst
si gnal s ar e sigtal angidatal flgw atathighleveldntacdisk diieenibedyid®thelinvemionhi Thé i | m
magnetic coating which allows the servo infornmation and the raw data to be

stored as Mogpgithend glagﬁsm{a r&f¥healn Whid! A€ iffick@by éﬁtmﬁg})@&@rﬁoé&ﬁ&ﬁlm

witten in arcing ra I nes at regular radial” (angu positlions around

ﬁ ng(rj h;s E g ::or r1 %%ﬁﬁ; 'ﬂfe vtvawe 01rirrr1]§/ garrllt lgeo ?)foc%sssé %Es % tﬂesprgo?fa}tr\)eydaﬂ%iogasér{fé ed
processing circuitry 35 which uses the relative analog signal strengths i;duced by the
bursts to provides information to the servo processor 34 on the position of the head in
relation to a track. In addition to the analog processing, the waveforms are converted by -
the PES data detector 31 into raw binary data. The binary data is then processed to
recover the track ID (and any other information encoded into the PES fields) by the PES
data processor 33. The track ID information, etc., is then provided to the servo
processor 34 for use in controlling and adjusting the position of the heads, e.g. seeking
and track following.

“The inveqtion is independent of the servo data architecture, but for better

understanding of the invention and not to imply limitation, a prior art servo sector format
will be compared to an embodiment of the invention. There is shown in Fig. 2A a typical

prior art servo sector format with field designations and equivalent bit lengths. The total

length of the servo sector is 134 bits and it is partitioned into seven fields. The effective



_a'track. For instance, a typical data sector mght be 512 bytes in |ength.
"The data sectors 154A, 154B are pl aced sonewhat independently of the servo
sectors, so that there nay be nmultiple data sectors between two servo

sectors and servo sectors may fall in ghe mddle of a data sector form ng

what are ca pl it ' : t A 0f 5 | are
formatted u?}%@ﬂj %éﬁlﬁégﬂ)ﬁf %@gé% Wﬁ? liéi}%t gl;ﬁm%ﬁﬁto%?@ﬁ}ﬂglﬁg%ﬁ%aﬁgg ks in
out er 10 zo 51,15 uld haye npre data sectors  befween servo
sector s t halERIDSasiedIred RERsist Rbs URGHS bl TeReuGAAARYS Ay Sart.) ae serve
shown in Figure 1, there is no arbitrary limt on the nunber of zones.

Fi gure 7 i s sectbt propedi Qf themexh twea fieldsPieteatpt BDd#lead), AD{TdackH8entity ) and
processor in relation to anal og servo processing circuitry and a servo

processor t @CTPK% iogs the o8t &RPéaL Sifiee # ?(?e'ﬁtifﬁ@ Pheitrack *‘MUSE{?E@R dér@nlfi%)h

di sk drive embodyihg the Tnvention. The waveforns fromthe read hea

are induced by .the PES bursts.ar rocessed ip two parall gl. h T ]
Gavet or s c RV Bholiay stieding Sk ThE prrctiss e iFeniaeBtr g dhe TR ine
circuitry 35 which uses the rel ative anal og signal strengths induced by the

bursts to prefléctissbinafymodet The virtue dfreflectod binanescmy @de asthatthepracktidentityf
the head in relation to a track. In addition to the anal og processing, the

oo, "Ry e s s e e AT g oo 07

| nformation fieltd Ofiﬁed priorﬁte to? gha'iFg?né J'u%{ g'gg bi%ettwrégn g%@ks_ when using the Gray code -
has, prior to the instant invention, precluded protecting the TID and o&;e? infoﬁﬁation in -
the servo field with ECC.

Figure 5 illustrates the relative positions of the PES fields, which are often called

“bursts," with regard to each other and the centerlines of the tracks in an embodiment of
the invention. The terms "field, "signal" and "burst" will be used interchangeably to refer
to a PES unit. Tracks 1-5 are shown as extending horizontally across the figure with their
corresponding PES bursts. The head will be assumed to be traveling from left to right as
Figure S is drawn. The PES bursts are shown as being approximately as wide as the
tracks, f)ut the precise width and positioning are not critical for practicing the invention.
Some of the bursts are placed on the centerline of the track. These will be referred to a
one group of bursts while the bursts which are offset from the centerlines will be referred

! to a second group. The PES burst 51 is centered on the centerline of track 1. PES burst

52 is offset from the centerline of track 1, i.e. above the centerline, so that less than only



~data processor 33. The track ID information, etc., is then provided to the
“servo processor 34 for use in controlling and adjusting the position of the
heads, e.g. seeking and track followi ng. The invention is independent of
the servo data architecture, but for betizer understanding of the invention

and not to idpbition ¢¥ theWi@lh ofdbupsti TV is dvér KV BES bafst 59 ig1effsetibelovothe
conpared to an enbodi nent of the I nvention. There is shown in Fig. 2A a

typical pri O&tn?% mé?)ﬁ\{r%cl?r?ms ﬁfwﬁgpﬁ o'(})kaff[t égmﬂﬁ%ggsec ?nsgo@é}qlﬁk PES

equi val ent bI eng
and it is partitioned into seven fields. The effective ngth is onIy

124 bits si newstjbisgentered pa tagk ot PESM%M-SMW)&? plased ﬁbd A pRsitions

The SID (Servo ID) field consists of a unique bit pattern and marks the

start of thealeag e Back su that thechead Gbllévimgnenck 1tvillggass eadhdsf the borst wt a different
(Head), TID (Track ldentity), and SECTOR, the TID is the nost critical

since it idegtlfi s %Fﬁ‘il gm.t;% | | :
posi tioni ng gﬁ.‘[ e prtEa?cli;)'?"lwcf:lebehé?:‘s €en to enco efjgé&\sl)%’l&e%@%kélt ?.@fﬁurd and
reflected bip code.. The vir reflecte |na or & code is. that
the track i dgﬁs)"é‘fﬁtﬁrldﬁﬁ‘tt f&eﬂk tﬁesﬁgmst% ste Ve apged i iy dispiet time
permts off-track reading of the TID field. The property of changi ng j ust
one bit bet wpasitionsawhen thealiskiisi rotatingaindenthe heakk  Inderchqmgeablytthe fdur RES gromps
i nvention, precluded protecting the TID and other information in the servo
field with Egf be described as falling into four radial positions. The groups of four PES bursts
will be repeated multiple times around the disk as shown in Figure 1 and will be repeated
for each pair of concentric tracks as in the prior art. The order of the bursts is not critical
for the invention. For example; the centcrline bursts 51, 54, etc. (Group A) could be
placed ahead of the offset bursts 52, 53, 55, etc. (Group B). ' The system can use the
relative signal strength of the waveform induced in the read head from each of the four
" bursts to judge where the head is in relation to the centerline as per the prior art, since as
will be described below, the analog characteristics of bursts are kept essentially constant
despite having information encoded in them.
“The inventions described herein allow information, including track ID
information, to be stored in the PES fields. Continuing to reference Figure 5, in the
_ e_mbodiment of the invention shown, the track ID for track 1 is recorded in both PES

bursts 52 and 51. Similarly, the track ID for track 2 is recorded in both PES bursts 53

and 54. When a head is either seeking or track following, the relative signal strength at



Figure .5 illustrates the relative positions of the PES fields, which are
“often called "bursts,” with regard to each other and the centerlines of the
tracks in an enbodi nent of the invention. The terns "field, "signal" and
"burst” will be used interchangeably tojgefer to a PES unit. Tracks 1-5 are

shown as ex | hor.i zont al 0SS: f.l ] | | ng
PES pursts. ttﬁﬂgéeﬁiggm? ﬁuﬁsgs %’}s/“su difgttggete%(g%ﬁ t#a{ ﬁr%&@%ﬂ%?% gﬁ?{?@gﬂj as
Figure 5 is drawn. The PES bursts, gre shown as bheing apgrog_}i{engtell)é as w de
as the tracHead thginfosmatipr secosded W irsts @s fiessignal sirergth pbthediead deerieases. £ or
practicing the invention. Sone of the bursts are placed on the centerline

of the trackSinceths durst bhte freayedfiiaranavetlapping pattgmpthe hebd il bt abletolread heleast
bursts which are offset fromthe centerlines will be referred to a second-

group. The P, IS ' I centerline of track 1 . PES
burst 52 iso@?ﬁ@%ﬁ?@%n#ﬁg%ﬁl&féﬁ%gg%#ﬁrack 1, i.e. above the
centerline, so that. less than only . . a portion of t wi dth of burst 52
is over track 1. pthe gﬂk’é‘f‘“@?"?@péﬂf é”é& %B@fﬁwqq@a &?aéirr}f’pﬂ%mlﬂ‘ attfa&glé”l 1 so
that only a portion of the width of burst 53 is over track 1. PES burst 54

i s cent er ed tgpicillypbkalle té’EAadithe snforrfdtiGntinghe tlaes nearestdatistg tbull iHi$ & mottrequired
positions along the track so that the head followng track | will pass each

of the burstgpatheqnflidiionts®e shbdRsfulife 5—1@&&1 aadvillielseB® DRBSARCTNIoWihg 1RES1
burst 52 second, PES burst 54 third an ES burst 51 last. Thus, the PES

di'sk 1s 1ot AUEHGTE Rael e OHEEY SOOI B oh B BRR e ok 16 1,

and will then pass over burst 51 and read track ID 1. If these IDs are c:)ncatenated, they

are "211." A head following track 2 will pass burst 53 and read track ID 2, then pass
burst 55 and read track ID 3, and will then pass over burst 54 and read track ID 2. If |
these IDs are concatenated, they are "232." This pattern will'be repeated for each pair of
tracks making an even/odd track distinction. Thus, the track 1 ID sequence 1s "n+1, n, n"
while the track 2 sequence is "n, n+1, n." In either case the servo system can deteﬁn_ine
which track _it is following despite having read two different track ID's.

If the system is unable to read the track ID in one or more of the bursts, position
inform;tion can still be gleaned by knowing the timing of the burst(s) and the ID(s)
encoded therein. For example, if the head is able to read only the track ID from burst 51
in the last time slot, the servo system will know that it has read the centerline burst for
track 1. If only burst 52 has been read, the drive will know the track ID is 1 and that

the burst to the left of track 1 wasread. Ifonly burst 53 has been read, the servo.



RUER be described as falling into four radial positions. The groups of four
"PES bursts will be repeated nultiple times around the di sk as shown in
Figure 1 and will be repeated for each pair of concentric tracks as in the -
prior art. The order of the bursts is nét critical for the invention. For

exanpl e, theygefi ill kidwoie Hagk SID isPandkfow tidt e butst &ﬁéﬂhﬁn@&r‘d@kq(‘e&ﬁi #hgad
of the offset bursts 52, 53, 55, etc. (Goup B). The system can use the

rel ative si tre h -‘of the ed m.each
of “t he four g%ﬁ?%? wggmpﬁ%égﬂ%@dwﬂg W é;qggt ﬁq@%{}ﬁ@jggﬁﬁ’&w e
as per the prior art since as will be described bel ow, the anal og

char act er i stWassread givessnat anly thedpackdBxigselfy bt additinmel neditiofR Bﬁpﬂ@m‘gell

i nformati on encoded in them The inventions described herein allow

i nformation, i nC"Hﬁht%ﬁhﬁxQﬁ@&)ﬂx@cérﬂﬁ@tﬁahiadﬂIDta@M afstamyexﬂherrinfomaﬁ&fﬁm the
fields. Continuing to reference Figure 5, in the enbodi nent of the

and 51, miirar pyrst FflB/be Hlaidfeed bF ?é%ci‘bﬁﬁﬁ%@gf%“égdﬁm bof e it o

53 and 54. \Wen a head _is either seeking or track follow ng, the relative
si gnal st redgiigadA, the PES (Rostiondimerobignsl fisld of6d bits is %mgesn"fhe% ditfeeld
expected that it will be nore difficult to read the information recorded in
bursts as t hehoalddsethoaghitcofisispate tebervod fist the PESdmests, stivveamly Hsubiportion,ares
arrayed in an overlapping pattern, the head will be able to read at |east

one and per haps,RGilChe diffnell ek e Brdck Ghd the rest will either be absent or offset from

the track centerline as is illustrated in Figure 5. The prior art Bursts, of ;vhich ‘there are
two, three or four, are essentially a group of uniformly spaced magnetic transitions
which can be thought of as a sequence of recorded 1’s. The two, three or four bursts are
identical except for their position. It is noted '_that this prior art servo sector format would
typically be written phase-alig’ned track to track at a nominal 20 .MHz rate.

Fig. 2B shows an embodiment of a servo sector formattea with field designations
and bit Ieng"_[.hs according to the invention. It should be noted that the servo sector is
larger, consisting of 212 bi';s inn length. However, the imﬁroved error tole_rance permits
record{ng information in higher bit densities so less total disk space is used. Also, there
are several substantive changes. The ECC for the PES described below is not to be
confused with the standard ECC which is used to protect the customer data. The

. customer data ECC is not effected in anyway in a drive using the PES ECC of the

invention.



Im tthe.following exanple it will be assuned that a head following a track
*Wwll typically be able to read the information in the three nearest bursts,
but this is not required for the invention to be successfully enployed as
will “be seen. A head following track 1 yg Figure 5 will pass burst 53 and

d k 1D 2, - , '
read trac thpgg impag (13(&0*!%% ﬁeﬁ?@@_?ﬁg Adhs}ions ltn tHe FES 8iBfal¥iald trhfi@fte@ass

over burst 51 an S are concatenated, they are

"211." A head, f.ol | owi ng tr 2 W pass_hur 53 and read drack |D.2,
hen pass. baRrbiay Ma i, JTiZu 1 te Bt it ke theaRaytfGan sl B feg Tigad
and read track 1D 2. If these |IDs are. concatenated, the¥ are "232." This

pattern wi | landgerfoprasthis funntiopas shqvan as the PESaddts detagton§1.anlhevkits afdufarmation
distinction. Thus, the track 1 ID sequence is "n+l, n, n" while the track 2

sequence i S cafi beRtidoded in the' PES!H3EverabRayshd ¥5¢ Mfbsel HiePrBdias xﬁﬁs&eggagg
which track it is follow ng despite having read two different track I'D s.

I
If the system|[.s unablg to, read t track .ID i _.one,or re of the hursts,
posi ton” | nfEPHRSTn .t sChethe ysed SR Gtsnpel udi d5Sini ety hinpls of
burst(s) and the ID(s) encoded therein. For exanple, if the head is able to
read only t Ipsior agiokaysioreenyd he bits, but are nob intended te beensxbaustive dists b \bit can be
systemw || know that it has read the centerline burst for track 1. If only

burst 52 hasndifrd akoad "dathe bt vhe Muk traksitivoh tiieviitinedselthe peséncaiod atfiat t he
burst to the I'eft of track 1 was read. |If only burst 53 has been read, the

servo 14 mﬁﬁg‘a‘g‘%k}a{t‘g@@% £i01€ id 4 868 atditd Sodnd Y zé%’cl?"i‘h_&srﬁlov{dé‘é R e | |

overl aying trac

compact scheme of encoding. For example, let "+" be a positive flux trazlsition, “"a .
negative transition, and "0" no transition, then 1101 " ﬁecomes
"“+-0+". A bit can be mapped as one “data" bit to a pair of flux transitions (dibit);
again the presence of a dibit is a one and its absence is a zero. This is less compact, but
dib_its are often easier to detect than Single bits because of channel filtering. In this case,
"1101" becomes "+- +- 00 +-", twice as long as the first example. The "dafa" bit can bé
encoded using three clocking periods, the first of which has a flux transiﬁpn (for
clocking/run length limiting) and the second or third contains a second flux transition
depend{ng on whether the “data" is a one or zero. In this case "1101" becomes
"+-0 +-0 +0- +-0". This particular scheme is not especially advantageous for use with a
code that provides run length limiting,

It is also possible to use the scheme proposed by Cunningham in the previously

cited publication. If the data is phase encoded, using the same notation as above a 1



2'was read. Thus, conbining the track 1D with know edge of which tining

"slot the burst was read gives not only the track IDitself. but additional
position information as well. The technique for recording the track ID as
wel | as any other information in the PES%urst will now be illustrated by
descri bi ng &esqfies f0-00¢ b ogloE ahd af'0t Beconiese'00+@or "00-0% ThiLid, ustfut wieh the
(Posi.tion Error Signal) field of 64 bits is the largest. The 64 bit field

shoul d be t RugleRly AS.SARRRAIFRAC Btk e dbABIRER BY[aELs, Since only a

subportion, 1. bur gne rack and the rest
will either be ab ent or offset fro ckcnterll s, is illustrated
in Figure 5. The C%W%a sgheme, ta kseqrd Pé‘h @%F‘b@\%@asamﬁ'%“éuﬂr f our,
are essentially a group of uniformy spaced magnetic transitions which can

be thought dffoanation cpnent and)EG(boﬁthdeRESLcan beldesigned., Ihfthedesoribédembbdimérst
are identical except for their p05|t|on I's noted that this prior art

servo sect Orthﬁz g&mda‘ﬁé’té' fa e‘d' 1?12( é‘@: Md'e%f#;fog*&gg%uféh't&@ﬁ% 5@ kin gtq.ant hgK

at a nom nal rate. OWS an e I’VO se

formatted Wlthfle|dd I ons a.nd ngt hs accordln
i nvention. "hﬁgﬁhg?ﬁﬁrﬂg?mpﬁ %@W@ ginto 2 byt : len%gﬁsl?lgst‘?W&

of 212 bits |n Iength However, the inproved error tol erance permts
recordi ng i iNext,vetedundant biyteg loé: bitsteadke ars formed v thegesidemofan BCSempding i s
used. Also, there are several substantive changes. The ECC for the PES

described belgiss dyéiGhe W rBit SHREYSAHeMIdidtniiRoThé'p P&Tﬂdﬁﬁ%ﬂé@' Edthl FHH TRt

to protect the custonmer data. Th8 custonmer data ECC is not éffected in
anyway in a ot %!u’ergll\J(glll E',ﬂ*,t,t?. r*rEFbSlt Eglcl:lg 1S rrtxari)%ec'l Ii]l’\lltg%l(lgq' q) bit vector of weight j.

Codewords in the ECC code are formed by concatenating the 2" \_réctors ina
predetermined order. Finally, each codeword is written as signal bursts .of 1’sand 0’s
into the PES positions of the formatted servo field.

For example, if the parameters m, n, r, g, and j assume the values of m = 6 bytes,
n =3 bits per byte,- r = 2 redundant bytes, (n+ q) =5 bits, j = 3, then m(n + q@) + r(n + q)
= 40 bits per codeword, and codeword weight = (m + r)j=24. If the TID is a string of
m¥*n =18 bits, firstly, the string will.bg blocked into m = 6 bytes of »= 3 bits per byte.
Secondfy, r =2 redundant bytes of n» = 3 bits each'are derived as a residue ofa
Reed-Solomon or Hamming ECC encoding operation over the m*n = 18 bit string.
Thirdly, each » = 3 bit byte for any given string of (m*n + r*n) = 24 bits = 8 bytes is
mapped into an (# + ¢) = 5 bit vector of weight j=3. The mapping excludes vectors

having runs of j leading or trailing 1°s, such as 11100 and 00111. A codeword in an



15 At the initial, lowest |level magnetic transitions in the PES signals are
‘translated into binary data bits. In Figure 7 the unit which takes the
waveform fromthe read head and perfornms this function is shown as the PES :
data ‘detector 31. The bits of infornati n can be encoded in the PES in

several waysEe¢olsgs GSERNhisThPaioAas a[¢SnBAGHIRA O the! 2t =00 9&dtrsidT 3 bigs
schege used for the custorrer data. The follow ng are exanpl es of pr| or art

ways to record,t bits not, | be, a

b|¥ can be r?@ﬁlﬂe gscoc?ﬁgtu ?faat 2‘5 %btlctongo éﬂﬁ? ggﬂ; Fages n‘E‘ﬁg(&’adé.‘c’Jrﬁ*iyAﬁ% lééxﬁ
the presence of a‘flux transition at a particular tine is one and its
absence a zem§ orthers ¢fithe PHESSfielde nigach codayyard thys puhibitya Pé@d@tﬁ‘(ﬂmﬁ@ |\irimum

exanple let "+" be a positive flux tran3|t|on "-" a negative transition,

and "0 no tweéighi ddofin-lehgth-lihited atthibgieges "+-0 +". A bit can be mapped as
one "data" bit to a pair of flux transitions (di b|t) again the presence of

dibi ts are of ton DAt RIRERES B, Beeid Egéﬁﬁﬁ o0t P B gffbice s 2
filtering. In this case, "1101" becones +- - ", twice as |long as the
first exanpll40,18ifd constant weight 34 code @ﬂ@ﬁ&@@?ﬁ?ﬁ'ﬁ ﬁ@uallb/r%’és@lecﬁ,eppﬂ@nﬂé’f ithais,

the first of which has a flux transition (for clocking/run |ength I|mt|ng)

and the secdengthroftii TID ¢eld, ahe\degres of protection desireal sict | The eremepldicode bas a.
whet her the ‘data" is a one or zero. In this case "1101" becorres "+-0 +-0

+0- +-0" t &ifrei@b! n&grY r
wth a code tﬁ%ﬂﬂ% h\q/ﬁ‘llclil §ﬁ2§1n€ﬁigl rmting Ga%“%l S a 9) posé?f)l %Tﬁﬁée
the scheme prql(t)l% ?)esd OP 5 %e %Ipl rrlls?(r)rr]l Ilglls tlillg b?trlgr\llgtﬁ o%tﬁ/e data to be encoded. The

length 40 is the number of bits in each codeword. The weight 24 is the number of 1’s in

each codeword. The constant weight of the code allows the burst signzils detected by the -

héad to be integrated and used as in the prior art, since each buirst will have 24 bits which .

are 1's and 16 bits which are 0's in varying positions.
As meﬁﬁoned previously, the track identitfr TID in this embodiment is represented

by a string of 18 bits. This TID string is partitioned into six 3-bit symbols. Each symbol

is an element in a Galois field GF (8) as generated by a primitive polynomial, e.g.

a+ x2“+ x*). To the six information symbols, two redundant symbols are added using.

the parity check matrix:



‘cited publication. If the data is phase encoded, using the sanme notation as
“above a 1 16 becones "0+00" or "0-00" and a "O' becones "00+0" or
"00-0". This is useful when the bit frequency is substantially |ower than

t he denodul ator's clock. Gven a schem%éCJrecord and decode binary data in

Int oo tesci g BbeAplle R erRe B E ¥ PotaOr e b5 6 1o £5E, 010"

for any given track by assigning an ntn bit string to the TID and
partitioni nBllORs: mtn bit string into mbytes of length n bits each. Next, r
redundant bytes of -n bits each are forned as the residue of an ECC encodi ng
process over the nfn bit string. After dgaleri ning the-r redundant bytes,
each n bit byte for any given (nfn + r*n) bit string is nmapped into an (n +

g) bit vector of weight]. Cpdewords—TmtheTE rmed by
concatenating the 2' vectors$ iﬁﬁdupoﬁﬁﬁterhinéﬂwﬁﬂdé?d’FixalIy, each
codeword is witten as signfil bursis of I § and OS into. jhe PES positions
of the formatted servo fieId.-For(Eﬂhnple, i f thefbaraneters m n, r, q,
andj assume the values of m= 6 bytes, n =|3 bits per byt¢, r = 2 redundant
bytes, (n + q) =5 bits,] =3, théﬁﬁh{n +dq) +r(m+ g) =40 bits per
codeword, and codeword wei ght = (ra-b ryj ={24. If the TID]is a string of
ntn = 18 bits, firstly, thelstring hnll-bp bl ocked” into =6 bytes of n = 3
bits per byte. Secondly, r § 2 redygydant bytes of ja- 3 bigs each are

derived as a residue of a

101 @
111 P )
110 @
011 o

Next, each 3-bit symbol is transformed into a 5-bit symbol (bit-vector) or

codeword of weight 3 adcording to Table 2 as follows:



Reed- Sol onbn or Harmmi ng ECC encodi ng operation over the mtn = 18 bit
“string. Thirdly, each n = 3 bit byte for any given string of (nfn + r*n) =
24 bits = 8 bytes is mapped into an (n + gq) =5 bit vector of weight] = 3. -
The mappi ng excludes vectors having run¥ of j leading or trailing 1's, such
as 11100 and 00 111. A codeword in an- i code as used in this
invention is a concatenation of the 2" :Ié'glee%gEors of 5 bits each. This
constitutes a 40-bit codeword—r—the—ECC cgdc Thi-s—cedewqrd is witten
into one or nore of the PES flel ds I% h, cqdewsbit syliibel exhi bits a
predeterm ned m ni mum wei ght ﬁ’gt r- Ivg@tglepﬁg@l Qutes. In this
enbodi nrent of the invention fm & 49 b+ dewer-e—the eode of choice is a
[ 40, 18, 6] constant wei ght 24 code.o@@ her c des arlelmquall possi bl e

dependi ng of the |length of the—FHB-ftetd—tihre—degree—of—protecti on desired,
etc. The exanpl e code has ajl engt 00I0, a dijnmensi ®bOWB, a i ni num di st ance
6, a constant weight 24, ang—=amaxiTmomTTumjor—0~5 of 2 The dinmension 18 is
the bit length of the data {o be eéhbdbded. The | eAd®M 40 i 4 the nunmber of
bits in each codeword. The Weight 24 1S th nurrb?é of T"s]in each codeword.
The constant wei ght of the ¢ode al Bus t he Jour st m;lnal S detected by the

head to be integrated and uged as j{, the pr]i or arléogm nce |each burst wl|l
have 24 bits which are 1's a_n_d_liip@&_m@i h are in vdrying positions.

As mentioned previously, th{a trackldldenti ty TID billfdn s ernbodi nent is
repr esent ed

110 01101
111 01011

Assume that it is desired to encode the 18-bit string = in the form of six 3-bit
- bytes:
Letu=011 000 160 010 010 110.
If the bytes in u are written as powers of “a” according to Table 1, then
u=(a%0,1, a, a, @).
Encoding u using the parity check matrix H, then two redundant bytes are added to u as
follows: |
v=(d0,1,qa,a a,a, a)=011 000 100 010 010 110 001 110.
Flnally, each of the eight 3-bit symbols of “v” is mapped into a 5-bit vector of weight 3
accordmg to Table 2 to obtam the final constrained RS codewor “w

w=10101 10110 10011 11001 11001 01101 11010 01101.



by a’string of 18 bits. This TID string is partitioned into six 3-bit
“synbol s. Each synbol is an elenent in a Galois field GF (8) as generated by
a primtive polynomal, e.g. (1 + x[err] + x[err]). To the six information -
synbdl s, two redundant synbols are adde@ using the parity check matri x:

18 The fi ni tag %Fééf$°9{iic&§? ggéop&qqlg%% I+?Vx-l Rl '>'<[err]can be wri tten
according to ue of "a Power of "a" 000
0 100 . . IL tL 101
[err] 111 The emboc{ng],epﬁ exapple used for encodlng tNél'l Pf uggd to illustrate data
[err] Next, each 3-bit synbol is transformed into a 5-bhit synbol

(bi t - vect or fecoding decavdihgatd theinyenticn. aAfter therbinary caddwaerdhagbeéw Feadhimack from

.

the PES field(s) the first step partitions the codeword into the 5-bit vectors ¥ which are
then mapped into a 3-bit symbols X according to Table 2. Thus, S (Y) =X denotes this
mapping. However, it may happen that due to errors in a particular 5-bit vector, there is
no counterpart 3-bit symbol. In this case, if ¥ is not in the table, then the value "000" is
assigned to £ (¥) and at the same time the symbol is flagged as being in error, i.e. a
corre'sponding error flag is set. | T

Assume that a word W of length 40 is ;eé,d back frorh the' PES field of the servo
sector from a particular track. In the above notation, these would be -
I Y Y5 Y, ¥; Y ¥3), where each ¥, is a 5-bit vector. The next step'in decoding is
looking up each vector Y in the table aﬁd counting the number of error flags . This is
termed estimating the value R® of each vector Y; and is denoted by R® = f*(Y) lying in
the range (0 < i < 7).

Since the codewords in this embodiment have a miniinurﬁ distance of six from
each ot;ler, this means that the code can correct up to two errors and detect up to three

errors. If three or more flags have been counted or set, then at least three errors have

occurred and the vector is uncorrectable. However, if less than three "flags have been



19 Table 2 5-bit synmbol 3-bit synbol X 5-bit synbol Vector Y=f (X) 000
—10110 001 11010 010 11001 011 10101
100 10011 101 01110 110 - 01101 111 -
01011 Assune that it is desired to encz@e the 18-bit string u in the form

a

e e

then u

r]). Encodi. ing th ' heck ix H then t d t
the re;] ;r e 2%3@%& 1@”@%@1!%1? s ex?st.p a&tl thgrecarg %wo g}a Iersls ﬁagi time %th s\é\é)p {S%O Légrdxgen the

syndromes S from the eight symbols R® utilizing the parity check matrix H:

S,=R® e R® ¢ R® ¢ R® 0 R® 0 R® o R®
S, = R® o aR® 0 a> R® 0 a®> R® o a* R® o a® R® o RD

The remaining part of the analysis is standard syndrome interpretation of RS
codewords in three modes; namely, no flags, one flag, or two flags.

Referring now to Fig. 3, there is shown a visual example accordiI;g to the -
invention of encoding a TID utili;ing a constrained RS error corréction code and writing
the.codeword into PES ﬁelds?. Thus, the codeword is utilized for both track identification
and position error signal purposes, and in that sense serves a combined function. In this
example, the TID for track 10 is reptesented by an 18-bit seqlience.' The 18-bit sequence
is in turn parsed to form six 3-bit symbols. Two redundant 3-bit symbols are added using
an extended _[8,‘6] Reed-Solomon code as defined by parity check matrix H. The six
symbols plus the two redundant symbols are each in turn mapped.into counterpart 5-bit
vectorsfof the [8,6] constrained Reed-Solomon code. As mentioned before, concatenation
of the eight vectors in a predetermined order forms a codeword suitable for recording in
the PES fields.

Referring now to Fig. 4, there is shown an embodiment of a PES data processor.

The apparatus shown in Fig. 4 is conceptually part of the servo electronics (Fig. 1, 112).



.foIFoms [err] = 011 000 100 010 010 110 001 110. Finally, each of the eight
= 3-bit synbols of "v" is mapped into a 5-bit vector of weight 3 according to
Table 2 to obtain the final constrained RS codeword "w': w=10101 10110
10011 11001 11001 01101 11010 01101. 2220 Aspects of Decoding According to
the | nventigpis ' 1Rl 86 UP 16071 A Wirigbinehieot thfithd P54
n'hg%co afiEf re ing to tgb 5

Illustrate data g acco t"hé "I nvent 1 on er the binary

codeword has read bac romthe PES fjel d ns
t he codewor °W§“8ulﬂﬁ f SQ%PW%VW & prandar %@J@abﬁ@ (gaoaé'@éhhdlg
synbol s Xaccordl ng to Table 2. Thus, [err] (Y) =X denotes th| S mappin
However, it lodsignaihe ThehBESdata detector 3 eonivarts theamagnetic dransitiohs m/%actHES

L4

thére is no counterpart 3-bit synmbol. In this case, if Yis not in the
table, then fidigs \ed 48ta bAIWhitis fladsdOaas ph@f 108rihfo 4 MiftaegiseE 15NETRASRIRL | M
the synbol is flagged as belng in error, i.e. a corresponding error flag S

e b Aol S R o B B L PR, 5

be [err]where each Y| err] is a 5-bit vector. The next step in decoding is
| ooki ng’ up @@én1QQusiag clack Hdeandzselest linell totorthe seleetnd one aplwalityraf pattermgs
st registers 156, 158, 160, 162. The selector line 110 from the selector 150 to the pattern |
registers comprises at least two bit§ to allow selection of any one of the forlr pattern
registers. A symbol processor 164, inputs the selected ou’rput from on:: of the pattern
registers over a connecting path 118, then performs thé bit-vector to symbol mappixfg and
the RS detection and correction on codewords in the selected pattern. Further, 'tl;e syrﬁbol-
processor 164 corrects any errors in the patterns up to the capacity of the code and writes
the corrected TID on path 120 into a register 166 and the error flags 124 (or nurriber of
errors) to register 168 on path 124 at a time determined by the output of the control-
register 154 using signal 116. The TID register 166 and error register 168 are then
available for use by the servo system over paths 122 and 126 respectively.
Tl‘he track ID decode process begins wijh the servo ID (SID) timing signal on

path 102 initiglizing timing control circuitry 154. A gate signal on path 112 from the
timing circuit 154 controls the flow of RS codewords on path 100 into a shift register as

paced by clocking on path 104. The RS codewords are then stored in the pattern

registers 156, 158, 160, 162 as clocked by timing signais on path 110 from timing



terimed.estimating the value R err] of each vector Y[err] and is denoted by
“[err] lying in the range (0 [err] i [err] 7). Since the codewords in this
enbodi ment have a m ni mum di stance of six fromeach other, this nmeans that -
the tode can correct up to two errors snd detect up to three errors. If

Lhree or Moidrehlidgs NawLe ARAAF ARt QouRIrPESBtRlart ARBhahishate B P

have occurr the vector 1s uncorrectable. wever , ss thah three

fl ags have been .21 counted, then the err | f any .be.co ctabl e.
1 Sero 1 agedal poon ahieiiiein Elationiip B S dhex fFasadinHyTaple i e e
If there are two or less flags, the next step is to derive the syndrones S
from t he ei ¢ghat thgypadsdbyrheredd haadlas thewdisk betatear i ty chetk matrix H [err]
[err] The remaining part of the analysis is standard syndrone

| nterpretation OfFdRawifg #O¢dbhureantifdifedXIRe RYGIRWOIM the AiisteRithedefth

or two flags. Referring now to Fig. 3, There is shown a visual exanple
according to,the invention of epcodin TLD utilizing a consirajned

error correcty Wnbcéd@ﬂasﬁgewp? Pﬁé‘&ﬂ%&%&%ﬁ%‘?f&‘ R Agxs%@ge]sg)%r}cﬁggl GI?RFs&Stlhﬁe '
codeword is utilized for both track identification and position error

si gnal pur pdousPES burstigrouns: A eirbit PHS pasterm selegtioin-signal ohdatio h06 isisupplied to
exanple, the TID for track 10 is represented by an 18-bit sequence: The
18-bit sequejiAit 150. In turn, circuit 150 activates one of the four select lines 108 to enable output

of one of the pattern registers 156, 158, 160, 162. The pattern register RS cbdeWord
‘contents are applied to symbol processor 164 over path 118 where its sy;ndromes'will be
derived and any errors determined from the syndroméé. Errors within the péwer of the
code will be corrected and reported in error register 168. This will be accompanied by an
indication of the number of errors. Otherwise, the TID will be stored in reéister 166.
Figure 6 is a block diagram of a symbol processor 164 according to the described
embodiment of the invention. . The raw data from a selected one of the PES pattern
regiétérs comes into fhe bit-vector extractor 61 which partitions the bits into the bit-
vectors, e.g. 40 raw bits into 8 vectors of 5 bits each. The bit-vectors are passed to the
mapperw62 which maps the 5-bit vectors using the vector:symbol table 63 into the
corresponding 3-bit symbols for all 5-bit vectors not containing errors ( symbol "OOO" is
used for the vector having errors). One of the error flags 64 is set or a counter is
incremented for each 5-bit vector not found in the vector:symbol table 63. The 3-bit

symbols are passed to the syndrome calculator 65. The syndromes are passed to the



is i'n turn parsed to formsix 3-bit synbols. Two redundant 3-bit synbols
“are added using an extended [8,6] Reed-Sol onon code as defined by parity
check matrix H The six synbols plus the two redundant synbols are each in -
turn nmapped into counterpart 5-bit vectprs of the [8, 6] constrained

8 pr edot IOy 4 o PREH L8 B S diORET ISRk AR UoreBerfird p 1 T B

fields. Referring nowto-Fig. 4, there is shown an_enbqdi ngg gil a PES data
pr-ocessor . Wahig@ea%d place HinorTested symbels i the HagolD s815fel & dPet he servo
electronics (Fig. 1, 112). 22 It includes four pattern registers 156,
158, 160, 16decader/cuiregtoradiyharadcess totthetlags h4lfahete apd ne flags Gier,@rrdrolinis
responsive to the standard SID 102, SELECT 106 and CLOCK 104 signals. The

PES dat a det&gﬁp t | { §1 | '
into data bit c}%‘%"?% ce) mg¢6§é§%?§%8’gh§%??j abg(r%?@tb b@ég?gagk&%@@ﬁ"%%%
shift register synch ous|ly transfer - coded patteyrns .on path . 114
recei ved on ‘F‘Fféa’ﬁé’fa&i(gg%’ﬁg légi nﬁé&ﬁgﬁer{‘y@% 1554 InjeRioT fegister 16§ as
selected one of a -plurality of pattern registers 156, 158, 160, 162. The

sel ect or | i rnpretid@slyrindicated. sel ector 150 to the pattern registers conprises
at least two bits to allow selection of any one of ,the four pattern

ST, o Sy esRrasaAtiM ot bomiolsarkat bt AYLUS (Aan
bi t-vector _ tt?aciy Pelgisqgrg Faf&r-jﬂ),aarxlsdillustrated in Figure 8, which replace the single error régister
and single track ID register in the embodiment shown in Figure 4. -Givgn sufficiently fast
circuitry and/or processing speed, the symbol processor could attempt to resolve the track .
ID and other informatipn in all four PES burst groups and store each_result ina
corresponding track ID register. The output 116 of the timing ct:)ntrol circuit 154 of
Figure 4 could be used in conjunction with selector circuit output 108 (not shown in Fig.
8) to process and store the information from each of the four PES bursts (A,B,C,D) in
the correspgnding track ID register (A-D). Similarly in this embodiment there are four
corresponding error registers (A-D) which are selected to store the error status for each of
the fou:' bursts. Note that it is not necessary that all four PES bursts be successfully read
for a particular position. Preferably each of the track ID registers and the error registers

would be made available for reading by a servo processor. Given the' method of

recording the track ID's in the PES fields shown in Figure 5, multiple track ID registers



‘the 'RS.detection and correction on. codewords in the selected pattern.
“Further, the synbol processor 164 corrects any errors in the patterns up to
the capacity of the code and wites the corrected TID) on path 120 into a
register 166 and the error flags 124 (opgnunber of errors) to register 168

on path 124 at i me determ ned by.the qutput of .the | . kegister 154

usi ng si gnaIlelg.ah?WeeaW WF’@@PE%?"V‘P%E]S&%“E eret {i?lg&péﬁ%;}h%%gixgp T hen

avai |l able for use by the-servo system over paths 122 and 126 respectively.

“The track | Dnfpemgtiengboutetbe posigionsvauld be passed & the Sy BPERSSOL.ni ng si gnal ~ on
path 102 initializing timng control circuitry 154. A gate signal _.on path

112 from the ti mWhileitheitvenfist havbden@lescrited wikioyespéct Ran dliesatide eabodahbnt
100 into a shift register as paced by clocking on path 104. The RS
codewor ds ar. j rn. LeqQi.st er . 2. as

ol ocked by el PR F fndhstods REYsRpH: HERleRt a5 bt el the Hibod S fitaps
the four different groups, of PES bursts are disti n?ui shabl e by their radial
posi ti ons orherein dgsambedwithouideparting froma thy 90pe pag teaching of theinyentiouii shabl e
by the tinme that they pass by the read head as the disk rotates. Follow ng
t he capt ur e Acsbrdinglyade desctibed Ehbodicendisds bercohsidered gherthr exenipiery smdvihe
electronics will select one of the four RS codeword patterns.correspondi ng
to one of t Ridh i im3ed = Dk ction signal
on path 106“?gésup6$|5§td%égl r_cu;étﬂéefgéf)ﬁﬁiéeﬁﬁﬁggﬁ%gcﬁ]ﬁécti vates one
of the four select lines 108 to enabl e out put




_of dne of the pattern registers 156, 158, 160, 162. The pattern register RS
“codeword contents are applied to synbol processor 164 over path 118 where

its syndromes will be derived and any errors determ rones. .
Errofs within the power of the code w Il be correctjzﬂi (Iﬁm ﬁjm!! error
regi ster 16% J |l be acconpanied 89 an i ndi cat ROMCOr, of

Thi,s W
errors. O he a§és,°¥mq18‘eﬂl§:vmll be stored in register 166. Figure 6 is a
bl ock di agram of a synbol- processor 164 according to the described
enbodi mrent of the invention. The raw data froma sel ected one of the PES
pattern registers cones into the bit-vector extractor 61 which partitions

the bits into thepbi t-A\&ﬁéﬂl@d%fopeﬁtiné(& e stirhge deviee Bavigra phiality of thicks
each. The bit-vectors are passed to the mapper 62 which naps the 5-bit

vectors usin he.vegt or: synbol table 63 into the corresponding 3-bit
synbol s for %rﬁgprgs}%g&e\ﬁé%ﬂsso 5 not containing errors ( synmbol "000" is used
for the vector having errors). One of the error flags 64 .is set or a
counter is increnpesitieningp read-heag oyer aﬁ@@@égdiﬁhﬂfedgﬂﬁh@‘ﬁng a@lwaityef synbol
table 63. The 3-bit synbols are passed to the syndrone cal cul ator 65. The

syndrones argrefrofded positional errosigaisls (PES) thereoacthePES beifig pbsiticmsl tehtive to a
syndrones to detect and correct errors up to the code capability and pl ace

67 has nocect PAIRREt e deie o) YR forpahPRliBkF g oa SUBCARANR roald GRS

equal to zero). and_the syndromes are zero, then the 3-biit synbols are
pﬂ aced unch a\ﬁ%}h@e first grou>1/>'of PE havgng a comimon Telations p to the cetiteriine of the tracks

and the second group of PES being distihguishable from the first group :)f PES by being
offset from the centerlines of the tracks, and first and second groups of PES being offset
from each other along the tracks;

capturing a first waveform from the read head which is induced by a PES in the
first group passing near the read head;

converting the first waveform into a first plurality of binary data bits;

emrgcting a plurality of bit-veétors from the binary data bits;

testing the plurality of bit-vectors for deviations from predetermined constraints on
bit patt;ms which can-appear to determine presence of an error;

correcting an error using redundancy information in the bit-vectors; and

decoding first information on a track location from the plurality of bit-vectors.

This Sheet Has Been Replaced
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T
into the track ID register 166. The final error- st ' ““‘“ﬂ“tm“b error
“regi ster 168 as previously indicated. A second enbi““‘mu "Mvention
uses four error registers (A-D) and four track ID regi $tets fA—sD), as :
illustrated in Figure 8, which repl aceﬁ\?ﬂe single error register and single
track IDregister, in e enbodi nent. s in Eiqure d.. GV sufficient.l
fast _circuitry a d/ortﬂgﬁed’agtgg&n‘g%&}gb , e[??é‘reggﬂga{epa‘ﬁ%gscgﬁb@%ﬁtﬁ &%&“@‘Hét
to resolve the track ID and other information jn all four PES burst groups
and store egwAr eersedtion syndromssrusigothairedpndaneskinfamagigndn ghe bifFectors: put 116
of the timng control circuit 154 of Figure 4 could be used in conjunction
with selector circuit output 108 (not shown in Fig. 8)-to process and store
the information fromeach of the four PES bursts (AB,C, D) in the
corresponding track 1 | r =:D) 5 Sl 0. LR b DE i ' . re
are four correspghdi n?%ﬁﬁ%@ﬁe%é%@r%@&%%ﬁ#l%ﬁgQfgléﬁg%}?%ﬁ?lgélg%m%gﬂ
the error status for_ each of the four bursts. Note that it is not necessary
that all foonreReed{Sglamen hpe s cogeetiqncadew@rd.or a particul ar position.
Preferably each of the track ID registers and the error registers wuld be
made avail able for reading by a servo processor. Gven the nethod of
recording the track IDs in the PES fields shown in Figure 5 nmnultiple
track I D registepys ' :

ol d so that t he maxieietiod G 23R TRE IR U bitkectrs foMBBAdER?

the servo processor, .
one Hamming type error correction codeword. -

5. The method of claim 1 further combrising the steps of capturing a second
waveform from the read head which is-induced by a second PES in the second group
passing near the read head; and using analog characteristics of first and second

waveforms to determine a position of the read head in relation to a track.

6.  The method of claim 5, wherein information on a track location is
redundantly recorded in at lgast one PES in the first group and in at least one PES in the
second “group , the method further comprising the steps of repeating the converting,
éxtracting, testing , correcting and decoding steps for the second waveform to obtain

second information on track location ; and comparing the first information on track

location with a second information on track location.



_._V\h*i I"e the invention has been described with respect t{)ll"!l“"l"muumu)ml g
e nade

“enbodi nent thereof, it will be understood that various=*changes ¥mys
in the method and means herein described w thout departing fromthe scope
and teaching of the invention. Accordirgly, the described enbodinent is to

and teaching of th dimsly, the described enbodim |
oxcopt a5 Speci 1150 | nTREHILERBAE 4 QURRT, Rhgichn IEpliIRFof bRdtf Bata bit
A net hod of t] dat 1 devi hayvi 2.l it ft ks,

conpr i si ng 1EAUBES signaheanteingsagtant unferdone pld aS PR HARASk, ¢ he

di sk having a plurality of prerecorded positional error signals (PES)
t her eon, t hepredeteramined enaximtim supleogthldfizgrass betarezn ankie “encodi ng bei ng
selected to naintain anal og signal characteristics regardl ess of date

stored in the PES, the PES being positioned relative to a centerline of the
tracks so that there are at least first and second distinct groups of PES

with the first grgpup PES..hayvi n C Lonship. . he cepnterline
of the tracks andt heotlé%m%hoéjr?ﬁ?gnﬁ?g %Daﬁ%ﬁﬁﬁ%?rs&mléga% Sgel? sgm t he
first group of PES by being offset fromthe centerlines of the tracks, and
first and second fgr eaglsbibfvectoshpuing g correspanding simabalin ¢ predetermingd tahle,
tracks; capturing a first waveformfromthe read -head which is induced by a
PES in the fdonvértigOothe BasRcwd ntPtheldogresadinpegbol and for each bit-vector not

_having a corresponding symbol, setting an error flag,

9. The method according to claim 8, wherein the bit-vectors have at least two

more bits than the corresponding symbols.

10.  The method of claim 8 further cdmprising the steps of capturing a second |
waveform from the read head which is induced by a second PES signal pa;sing near the
read head; gnd using analog characteristics of first and second waveforms signals to
determine a position of the read head in relation to a track.

11.  The method according to claim 10, wherein the plurality of binafy data
bits for each PES signal contain a constant number of ones and has no more than a

predetermined maximum run length of zeroes between ones.



convertlng the first waveforminto a first pluralit m!\ ﬂlﬂ Mﬂlblts;
extracting a plurality of bit-vectors fromthe bina 'S ting
the plurality of bit-vectors for deviations frompre eternlned constraints
on bit patterns which can appear to det @9m ne presence of an error;

correcting an errde. usiTie megheddaneiich OftAE BBréding 's'fbp%tﬂjﬁh@ﬁ %orrgﬁﬁhﬁg orfiptting

decoding first information on a track |location from ty o
bit-vectors. emroré g of claimil.the rrectl further
conpri sing corrput er{@cué)rnr 3-# Bgoorﬁ%e@ ?P%?%‘P&Wﬁ@%g?‘f?gc tegl In the
i nformation Igf P égjt vectors. 3. The net hod of cIa|n12 mhereln t he
plurality of phjrality, tbéﬁl@'y@émlé}fﬁh at | east one Reed- Sol omon type error
correction codeword. 4. The nethod of claim2 wherein the plurality of:

bit-vectors contain at | east one Hamm ng type error correction codeword. 5.
The nethod of claim1 further conprising the steps of capturing a second
waveform fromthe read head which is induced by a second PES in the second
group passing near the read head; and using anal og characteristics of first
and second waveforns to determne a position of the read head in rel ation
to a track. 6. The met hod of claim5, wherein information on a track

| ocation is redundantly recorded in at |east one PES in the first group and
in at least one PES in the '



_se-cénd.group, the method further conprising the steps of Tepeating the
‘converting, extracting, testing, correcting and decodl nﬂm“mﬂ luﬂﬂlmﬂm
second waveformto obtain second information on track |

conparing the first information on trackgpocation with a*seéond i 'hf or neti on
on track |ocationg %J\?e %?ﬁ rding to claim1, wherein the
pI urality of bi nary da{?‘daéatsmﬁ'rl each S|%nal contain a constant nunber
of ones and has no re than a et er m ned max er

bet ween ones. 8. dg‘%ﬁ’é‘ %tﬂ’i‘b‘&h&c‘bﬁ?%m@ ‘?rﬁorcﬁ’%ﬂa:'ﬁ%%rrﬁfg e‘gg}% %l??glgﬁge
step of: for each bit-vector having a corresponding synbal in a -

pr edet er m nddcludingat least firsttandsecond BES-greupsowith tiecsecord PEBrareymbeinggadially
symbol and for each bit-vector not having a corresponding synbol, setting

an error fla&fsegfmmth'gﬁ-s{rpgg@ogﬁcor ding to claim8, wherein t he
bit-vectors have at |east two nore bits than the correspondi ng synbols. 10.

The net hod of cl aij m8 urtg&; %ﬁnﬁ §5| ng the steps of capturing a second
wavef or m f rom t he™FERH R ESFHR LRSS i nduced by a second PES signal passing
near the read head; and usi ng anal og characteristics of first and second
wavef or ms si gnal sa resdchead rwii Al ispesitionablmoysr thewdisk svheniretatingsoithata PES to a
track. 11. The met hod according to claim 10, wherein the plurality of

bi nary dat a induces a waveform in the read héad when the read head passes a PES;

a PES data detector which receives the waveform from ﬁ'.xe read head and outputs

a plurality of data bits corresponding to the waveform; i
at least first and second pattern registers for storing the plurality of data bits
. corresponding to a waveform; |
timing controller for selecting the first pattern register to receive the plurality of

data bits for each PES in a first PES group and for selecting the second pattern register
for each PES in a second PES group, the PES in first group passing the read haad atime
which is not equal to a time that the PES inthe second PES group pasaes the read head,;

and

-
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bits for each PES si gnal contain a constant nunber of Mﬂmmnm re
than a predeterm ned maxi rumrun | ength of zeroes bet & ﬂmmmﬂg
The method of claim9 the correcting step further conpri sfngL cdhpdt i mng
error correction syndrones froman errog, correction code codeword

1
represented int j i t i£S,.. .- .13 A dat
storage device cgf ngrglbga%b}oée%l gE(s%cgg%ﬁﬁaﬁfoﬁ?vrb'fnf%%éz}t{ol%of;ﬁo@rql%Pﬂlraﬁty
signals (PES). recorded_t hereon. the PES encoded with a plurality of data,
t he encodi ng‘sz@?tﬁ 3’“§é1|1 Biest o seeonderegistars, the\RES data pregessehimchiding A syndrome
regardl ess of data stored in the PES, the PES including at |east first and
second PES gatistonandhan brosesroeado?ES group being radially offset fromthe
first PES group; neans for rotating the disk; a read head which is
posi ti onabl e over the di sk when rotating so that a PES i nduces a waveform
in the read head when the read head passes a PES;



e

~a, 'PES data detector which receives.the waveformf rou“‘m\uum'WWnd
"outputs a plurality of data bits corresponding to t sat « east
first and second pattern registers for storing the pl*urfali'ty of data bits
corrésponding to a waveform timng cogjroller for selecting the first

pattern register §g re%'b\dﬁtatéﬂé‘ragé HEwLS Bf’clai;mdﬂ@h&iehﬁtthl’E%aB pr&cRsédt @

-first PES group and for selecting the second pattern register for each PES
in a second RPES group,. the PES in first grou SSi e.r head a tinme
whi o' o ot NERELFORBHsEN bt veriar et 8RR REd s bUp AR A seBoh
the read head; and 31 a PES data processor for extracting track |ocation
i nf or mati on fegistershmto phuxalityyof bit-whstars;Hndsa iappervhick putpution gorrespondings |

t he PES data processor including a syndrone cal cul ator and an error
corrector. symBollift a predéiemsinbdtablefor@acld ditietdt incthitable, lihdfoe e bit REcBES

data processor further conprises a bit-vector extractor for partitioning

the bits in {084t ?atbleg rou%p(ai&t?@gda selected symbol, the symbols providing input to the

syndrome calculator.

15.  The data storage device of claim 13 wherein the PES groups include a
third and fourth groups which are offset from the first and second PES éroups and ﬁoﬁ
each other, further comprising a third and a fourth pattern register; and the timing
controller further compriéing means for selecﬁng the third pattern regi_ster to receive
the plurality of data bits for each PiES in the third PES groui) and for selecting the fourth

pattern register for each PES in the fourth PES group.

16.  The data storage device of claim 13 further comprising a first and second
track ID register, and wherein the PES data processor stores the track location

information in a selected one of _first and second track ID registers.

17.  Thedata storage device of claim 15 further comprising a first, second,
third and fourth track ID registers, and wherein the PES data processor stores the track

location information in a selected one of first, second, third and fourth track ID registers.



registers into a plurality of bit-vectors; and a rr,a};ge_LAMDrFe%’r’GUTﬁHs a
‘correspondi ng synbol in a predeterm ned table for eag { m\l t he
table, and for each bit-vector not in the table, ou nﬂ‘ﬁm‘\“ﬂ“g ed
synbol, the synbols providing input to the syndrone ator. °5. The
data storage device of claim 13 wherein the PES groups include a third and
fourth groups which are offset fromth Ji rst and second PES groups and
fromeach other, further eonprising a third and a fourth pattern register;
and the timng coh8rol The datarstorage 86‘#9? pEelaign niSafystheneorspTiERg Megns fer wsing d
pattern register to receive the plurality of data bits for each PES in the
third PES gramglogothrheeristidsefitheigatdforhoty ddiemahé & positiofioftisd rehdhesd GitHPES
in the fourth PES group. 16. The data storage device of claim 13 further
conpri sing a.f econd track ID register, and wherein the PES data
processor stgeisgé&?%g%rcg'ck | ocation information in a selected one of first
and second track ID registers. 17. The data storage device of claim 15
further conprising a first, second, third and fourth track ID registers,
and wherein the PES data processor stores the track location information in
a sel ected one of 19.i r sThe detactorage Hevide aficlaine L8 whérehctkhe pliraktyi ofidaksbits 33
18. The data storage device of claim 13 further conprising neans for

usi ng anal °ggﬁgm@[iﬁ%&%ﬁtéeﬁénd)fPﬁé‘Ero‘&ﬁé’ﬁéx%ré&%af Qe&ﬁ{.er m ne a position of .

t he read hea



respect to a track. 109. The data.storage device of cI a| m/L8/VWTere| he
plurality of data bits stored in first and second PE “\
wei ght . 34 - 20. A data storage device conpri si ng m‘\

plurality of position error signals (P§p) recorded ther yethe PES enco

with a plurality 4f da t sel ected to maintain anal og
R . 9% Faral D50 FOAED ol o

signal characteri'stics regar SS 0 red in the PES, the PES
i ncl uding at least_first -and second PES rou t he second PES gr
bei ng of fset fr o difke withapl uﬁ ?Bgﬁjtlma ﬁgﬂ%m r%ggl?féf’?ri"dﬁﬁﬁﬁ
over the disk when rotating so that a PES i nduces a vvaveform in the read

head when t lircludiag ab éeadt fisss and sevond PESESupawith$helsdcand PEScgronp bhinghoffset
recei ves the vvaveformfromthe read head and outputs a plurality of data

bits corresgﬁﬁﬁi Wgryeform based on the magnetic transitions in the
waveform and a PEé dat a%p cessor for extracting track |ocation
inforrrationfromthe of datag .bits sin a. bit-vect
extractor for paratrieflﬁ1 Fﬁ‘ zyklfqt]iéwpﬁﬂa{l? 1§ oyer lggggsi(b\ylg@ otatingso ﬁtr%l(}';@%/ of
bit-vectors; a mapper which outputs a correspondi ng synbol in a

pr edet er nmi naniducabhayaveform in the read head when the read head passes over a PES;

ded

"2 PES data detector which receives't_he waveform from the read head and outputs
a plurality of data bits correéponding t(; the waveform based on the magneﬁc transitions
in the waveform; and )
a PES data ﬁrocessor for extracting track location infdrmatioﬁ fr'om the plurali_ty-
of data bits comprising:
a bit-vector extractor for partitiohing the plurality of data bits into a
plurality of bit-vectors;
a mapper which outputs a corresponding symbol in a predetermined table,
- for each bit-vector in the table, and for each bit-vector not in the table, outputs a selected
symbol, the symbols having fewer bits than the bit-vector;
i a syndrome calculator which uses the symbols from the mapper to compute

error correction syndromes; and

an error register which records PES data processing errors.
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fo¥ ‘each bit-vector in the table, and for each bi t vi—muij[“uﬁ“ﬁw!\mm‘ abl e,

‘out puts a sel ected synmbol, the synbols having fewer s *
bit-vector; a syndrone cal cul ator which uses the synbols fromthe mapper to:
conpute error correction syndrones; anggan error register which records PES

data processing ekfors: ] : (
Far thor conpr | o ng reanief i igrgs Aot of Ahiin MO RARE: Bt T e

fromfirst and second PES.groups to deternmng a positi f the read head
W oh 1 espect AR08 chmgeiensioh of 1he paveierins oat ok ehLsreond PES sanes SidipERe 4
the plurality of data bits stored in first and second PES groups have equal
wei ght. 23. positien dofithe read heasbwithwespecitb adttavkm 21 wherein the PES data

processor further conprises a corrector which uses the syndronmes to correct
at least one error in the data bits.

22.  The data storage device of claim 21 wherein the plurality of data bits

stored in first and second PES groups have equal weight.

23.  The data storage device of claim 21 wherein the PES data processor
further comprises a corrector which uses the syndromes to correct at least one error in the

. databits.



