; e3el 6Trol5 JUL 2002 DATA STORAGE DI SK W TH | NFORMATI ON ENCODED | N THE
PCSI TI ON ERROR SI GNAL FIELDS Field of the Invention This i nvehthy q?. Ule2802s
to data storage devices such as a disk drive, and nore partlcul arly to
error detection and correction of servo systemdata encoded in position
error signals on the disk. Description of Related Art A disk drive
typically includes one or nore disks and a head (for each disk surface)
nount ed on an actuat whi ch is posi tilonabl e over a sel ecm t he
tracks on \\\\m m di sk. A voice coil motor (VCM is m ln& dto
posi tion tmm L 200z 2 actuator on which the sliders, ?ntal ng, t he
heads are rmun.tcaydoz* The slider noves either radially or arcuate y toward or
away fromthe spindle center of the rotating disk while trying to find or
"seek" to a target track. For any selected track, data is recorded upon the
track via a "wite path" in the system Alternatively, data is read from
the 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

pl acing the read and/ oPA¥ASTQARAGE DISKSWITHANFORMATIONar get track
initially (SEEKING and in assuring that the appr opriate transducer is

];:(lel_:_gl/m\v &%) ) hi :)(r)?'flEmpEeam ﬂﬁsfqgggngq or ma [Gyfﬁlbpﬁ'bléﬁde at | east

one and typically several servo fields to allow the servo systemto update
its head position several times during each revolution. Each servo field is
further formatted to include, servo data including position error signals
(PESs). The PES fields are conventionally bursts of constant anplitude

si nusoi dal signals which are of equal length and are spaced at fixed
intervals. These fields are used to generate anal og signals which vary with
the position of the read head f- - and allow the precise positioning of the
heads over the track. The PES typically consists of three or four staggered
bursts of transitions, for exanple, an A, B, C and D burst. If the neasured
anplitude of the bursts indicates that the head is not in position, then a
control signal is generated to the VCMto adjust the position. A servo
systemtypically

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

error signals 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



i ncludes a servo processor which controls the VCM and nonitors hs w:_/gpoz
data being read fromthe disk. 15 J UL 2002 One way of organi'z g
storage tracks is to divide a track into data sectors, a data sector being
a fixed nunber of bits recorded along the track. The servo data and PES
information are typically located alon@ radially arcing lines, but in the
conmonl y wstetor danehibh the sliiderdéongdiningRg hemdstavel niduated. e siklet! mowsteither of
the data sectors varies according to the di stance that the track is from

the center, . : t
5, 210, 660) a&%gf?ghaété}yet?;%g? épé%%r ser 5@ sect nterq;ftﬁé rotéﬁngfdnsl?%ﬂ@
results in at Ieast sone of the servo sectors bei ocat ed inside data
sectors fdmgte tnder Saelcte 2 taggstiragks Hor agy ?leteﬁg‘%a@‘e dat3 is geqogded ypan thee
the PES and servo data including track identification (TID) and ot her
control i nfaokvid a twriteSpath’e ivi thersgétem. efltdmativety datsisiread froimohe tiacR§la a
identity (TID), i. e. the track address, magnetically recorded in the servo
dat a. Dur|‘ aq]ﬁl[—:EK whi | e novi ng radi aIIy inward or outward, the servo
system rea € T117s fromthe servo sectors on a track. The TIDs tell the
servo systemwh re the head is gt that nopent an yst em adj ust
its velocity, POS%tW“H%B/?%@FéPfi?{ tsrrxp%lhgépn%r?ﬂ%ﬁw a\“f%s P samﬁys%?m
format used on servo sectors conprises the followi ng fields:

~~R~1 ~AGBeSkRrolimopdratyt bBfiSn-placing thettead afid/orravite transdacérs (Beadspovdn)a
character consists of a tinming line or mark and | ocates the beginning of

78 gtit
char actor TETRK ARl r&gpresse CHP ol S5 E R E eIt AR (W) <o

called a ue.o cod nmber
vari os frcfal?%é’(gl@ﬁ? ok e fhe ﬁatﬁss %e% teastarogten CrRARK A O AW ok
assi sts robust reading of TIDs even when off track as occurs during rapid
seeki ng. Hbriiereatiyachrdiskavack isyfbimatted)tofinclidisatiesst pneand gypicailyrseverabsemen i on.
In the prior art, there have been suggestions for enriching the PES-stored

i nf or mat i afpldsGeriNoRgihdBervo@ysenBiengidateitsleatigReition sbioerdl fities @uﬁ eddvi ng
Added I nformation", |IBM Technical D sclosure Bulletin, Vol. . 3B, pp.

198-200. Ao *BRen, $595 HLfAES iAo o 3R51E: 8L Bh) lhaumg%tm

appr oxi na tron

error signals (PESs). The PES fields are conventionally bursts of constant amplitude
sinusoidal signals which are of equal 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 transitions, 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.



can be encoded in the PES burst by phase manipul ation of the funh@mehh 2002
si nusoi dal frequency which is used by the servo system However, the phase
nmethod results in a loss of anplitude for normal servo detection. The
i'nformation can include data uni gque to each burst identifying it as A, B, C
or D, for exanple by using two bits, asswell as sone of the | ower order

bits of the tr 2N § g % t
4,195, 320, Reg{r%d‘%r ag f(}lent I flﬁlggttolr %I’? r%drﬁ Foto dmnqﬁg %F;gigec?tawger%gﬁg J

| 980, disc pses. a servo tem.for flo s track address
| nf of mat | RGO & Aoaaue ot PuoreBRRea ok S B! TEE sy vR R ooe
and also integrates the signals to obtain an analo rreasure of the read

t r ansducePES ipfeymation areitypicadlyilocatecbalong radialdyarcing lines chutiie theecommbnRES

fields and the like in the servo sector can result in enhanced devi ce
access penked "Bne dit ﬂeéorrdﬁfg*EOZBR hthefifgd! Rl RS alnd %bﬂ%n‘?ff th\@ath 8&dors

transducer over the target track vul ner abl e where the servo sector

informatiQn_.is sus to co i.on error or ur.e

cor rupt i ortares *EEEGRE r e gndy tﬁﬁﬁf?lsmcﬁ%ﬁ e ¢ e ac X880 nauced
noi se, phase j fitter, or the like. ~ U L 2002 5 Summary of the

| nvent i on examptea Hetzlera geals 1S, diatent 52 1&;66 r Usuadlys thereoare peveral semed sactors

i nproved disk, as well as, a nethod of recording and retrieving servo

i nformati gpr watlh DHBYEslsA af 1280 OhicBfhé &ﬁssww@%ﬂg%eated inkitR: dwea hod of
t he invention involves mapping the predeterm ned data, e, g. servo data,

code ( ooy Frbiing BT SR LBRTTAL TRy el e I PR o

fields wll ty ically be recorded on the disk at the time of manufacture
and wil |l taimghigee t ack identification(JIParad other corelisumagionet hod i s

sel ected to mai ntai n anal og signal characteristics regardless of the data

stored in the Rignveationdilgteath fiatkhas it usiqye trablafdgatity( TIDY i@otheardckonal
servo detection circuitry is needed use the PES bursts as in the prior art,

S e ¢ 25dRRU bl RbRlead i sl data! MG RAPYBERS yAfle MR EERAHIR

constralne In’t ht's .g., the nu
codeword (. netic transitions th-limted (RLL
S LT but ednwail o Gitihh K Feci S ards e T E0katbe S Serd s ek ecc
codewor ds i ncl udes track identification (TID) which can be represented by a
fi xed nunbihe DDsyell theofervo systam mdoereothe hiead isbit thatamementrandrallowsithe systame or
nore ECC codewords. Additional

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



constraints such as equal weight are placed on the code by mappitg HBLdzﬁﬁz
conprising the TIDinto limted set of bit patterns (bit-vectors).

di sal |l owed bit patterns are read back, then an error is detected

i ndependently fromthe ECC syndrome cal cul ati on process. Placing the TID
information in the PES fields using the robust nmethod of the invention

opt i onal | gniglone\dgit. "Ehis ARS8 robuMe realling 6f FIDL éveniwlenssfivackdalodcirs doging
reduced in size or 1.5 JUL 2002 6 elimnated with a resulting increase in

recordi ng ChtV. t Vg ki i n used,

either a @Z@gﬁki%oﬁbt@gi&%&a%ﬂzgﬂm%a%gg P??é:ﬁgg 8{‘%?31“@03?’3@8“1 n one
aspect of the invention, the track IDs are witten in the PES fields in a
sel ected pat t efntherprigriagt, there havesaen spggestions s enrighiagitbe PESuitered i n nore
than one PES field in nore than one group of PES fields. One group of PES

fields isirfforhatioad Qudnisptaed ched Bwacsew@Needew@syﬁd Iy aAd Pla9ingPkdded
fields is offset so that 1t partially overlaps the adjacent track, as well

as the se .t 5a ' ' ti t r eMi I

recor ded E@@%ﬁ%‘v\bﬂ’( dl"s/[ Ti"e\ré\ﬁg%gf @?sc%éru ggg*l ﬁf%g%ég%%a S pI?)S ?yke'ggé’aéag‘fﬁtie
constrained synbols and the ECC codewords are used . to ascertain the .
presence &P9Qdessribes prquad hyrst sarve paligRyin which appioximatgly Beitsafinformation t o
the limt of the selected code. The corrections are nade by conmputing the

syndr ones caisbé endoded i tHePES bursf by pheseranipolation offtecfundahbtabshividiat a
that includes the TID. The TID used in conj unction with the waveforns

i nduced i VLS i osition
of the. hedgadihel Rt BReby (i etk suckic AoRERE, e FRAS MR BEE | 0
a bl ock diagram of, a djsk drive expressing the pajor data f| ow and control
f1 ow t her 4955 champlifidsdor sommpal sswoc&t%ﬁﬂpn- FTie iniermpatior can ingpide datanighe ar t
servo sector format with field designations and bit |engths. 15J UL
2002 Fi g. t@&achlhusttidarttfging isas ApBsEairdd, foetxampletbydisimg twd bied, ds delliagnat i ons
and bit

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 bursts 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 result 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 randomly or

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



| engt hs according to the invention. Fig. 3 depicts an exanpl e acQofd; t
the invention of encoding conbined TID and PES val ues utilizing g 5 UM 2002
constr.ai ned Reed- Sol onbn error correction code according to the invention.
Fig. 4 illustrates the |logic processing blocks in a PES data processor
according to an enbodi nent of the invenwtion. Fig. S illustrates the

posi tions of the PES bursts i nSuetmaryof the ifventiom track centerlines and
track 1D content of each burst on a disk in an enbodi ment of the invention.
Fig 6 is a blackyliauanabmpwithandfbroRdAeRRqkterf &R &) i

enbodi nent of t {a@%@erﬁi{ygn.nﬁﬂg. r7l II%? a bl ock ?ggr am %Lg{\%?gr?gecgagg’sasdata
detector ang PES data,processor in relation tao other. seryo system
component Selliasg ethpd B feEardice and refie e Seiyp dpOraatioh WithRRierton igm er s
in a second enbodiment - of the invention. V. 15 J UL 2002 8 Description
of the Prefrersigdedenibed herein. THheamdshad ofthe ineentionbavblies mappiag ther el y
illustrative and is not intended to be limting, the latter being the,
function Emfledl i é&fe\lajdrﬁsa?ritﬁri L t LY.
|, there Pfsedgﬁomn%{eg dﬁﬁ%ﬁ??@ﬁ%&?@%l agram of a %?Lsﬁﬁagr}ir \Ille I %ggtsrggl??%g
t he maj or, conponents, .data,f nd, control .flow therein accordi to the
b of ' i1 50 Bacrarestion cads (UG EgN 8 resudige Hese SO P iacate B
controlling various functions. Figure 1 shows a design with a single

m cr opr ocisklsr The RESTheldp mild typicallyrbetheorded oo theodisk abtheitine ofrmanufactue | ed
the firmvare. Commands and data for the drive cone in froma host device

(not showgiq WirnBesdichdged Rickedrlte. I prdfanel BLECdcoinimdihod iyhiscted fhe_host

| evel commmands are translated into device | evel commands and acti ons. The

controller electropnics 115.coaqrdi pates tivities. and t g, f to,and from
Che Read: MR ARARE St Apamelbs A AR u b s BB Ipriindod 1Y, SRl
typically includes a servo processor) receives raw position information
from t he ndanaled@asy, chaage imiie ¢anventional seryhdgtestinnaieaithyisineedebsehe st s
and the signal

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.
In a 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

constraints such as equal weight are placed on the code by rgapping 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



corresponding to the T)D, then controls the novenent of the aCt“B?P;H§9?2DO2
t hrough electrical signals sent to the voice coil notor (VCM 11

heads 108 are nounted on the end of the actuator 106. The disk 104 is
rotated by a spindle notor (not shown) around spindle 111. The slightly
arcing servo sectors 120A, 120B contai f the servo data and PES bursts. The
data i s welimirated withiarresulting inczedss in t@ooding leapasitynAltheughf various types of EEC
tracks are divided into data sectors 154A, 154B where the user or custoner
data is Shpbfithms caPbe usddetiis ﬁee@%lﬁfn‘éﬁ%EC@%%ﬂﬂHiﬁ%WPUEt@%% c
denodul ati on and detection deci sions on the raw data si gnal romthe read
heads and _cqnveyrt these signals into binary data (a streamof 1's and 0's).
The raw dB%S®E¥%Ynals witten onto the disk are constrained according to
schenmes such as run-length [imted (RLL) codi ng which enhance the ability
of the system lwoneaspeat ef the inventionhcthe fnagk bA's lare whiter onthe RESIfitldsiny dat a
are stored in a buffer (not shown). At this stage the data in the buffer

incl udes ggdstagd Cga&emiiﬁ WS thORadk/ D 6Y dakth &abk Rdebérded HemordmaR %lnle 'PES

synbol s. The ECC check bytes together with the true data (typically called

host or c ner data) bytes f codewords. T detection and
Corr oot i ofeliiRaiEah ang bt SRS AP OB olohies fielis & beishd dn e
controller function. Wien no errors are found or when the errors have been
corr ect edsele¢ted track wiile thixother grospraf BES fi¢lds isoxffsehsq thatiit partallgoeetypstbe |t
shoul d be noted that the servo related information, i.e., the TID and burst

si gnal s apgjabeit tiaéR] &Pl as tHselcRtddifackost .  TWaesltifekdrive4s Bpgrafing,hie film
magneti c coating which allows the servo information and the raw data to be

w1 ton RPHRRH ferbtd¥ice: RBewgraf ATk bridih 8 ufi oty ERS B of, ERET 7

the di sk. For purposes of this invention, a sector is defined as a fixed

r ecor di ng cPRsiginedaysmhelsnand he lECEgpdewerds atee used to\aseartin therniesease of emoight

be 512 bytes in length. The data sectors r. 154A, 154B are pl aced sonmewhat

i ndependeif éryorsfard fotind eecoreecsienican be psrfotrhed up teethe limmiy obtherssletiefilcedelaThe

sectors between two servo sectors and servo sectors nmay fall in the mddle
I

of a dat a §aclifinsfPk Hae Y&m tﬁugtﬁla' Sheb hs fiRBACTirR) PhisSi B. If

the tr acks? o? a néiasi gr e yﬂr ma?LtII e unggl?erBls as nent iﬂ(gner ﬁi’ n Pﬁ%lléfdz er '

660 pat enteétirtngt%%fttﬁg geli'\slo Idgtac%ﬁgtelglcludésSth% TLIJDL ”lzheo% 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 Drawipg

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.



10 zones 151, 152 woul d have nore data sectors between servo (¢ t
the tracks in inner zones 153. Although only three zones axe zﬁgwh"jL'fﬁﬁ?
Figure 1, there is no arbitrary limt on the nunber of zones. Figure 7 is a
bl ock di agram showi ng a PES data detector and PES data processor in
relation to anal og servo processing cirtuitry and a servo processor that
il lustrates thBigs2Bntlusteares aledrao e forendied iwithefieltl desigmatibnsland ibitve
enbodyi ng the invention. The waveforns fromthe read head which are induced
by the PE r in two parallel paths. The waveforns can be
processedﬁggﬂﬁﬁkﬁﬁgh%pgggggﬁéﬁ ?ﬂanalog servo processing circuitry 35 which
uses the relative anal og signal strengths jnduced by the bursts to provides
i nformation t oFignd depKcioapexnaple gpcasding o thiinveation ¢fiengeding combined; ﬁD
relation to a track. In addition to the anal og processing, the waveforns
are conveaidHERwaluee uiEZingat condehited ReedSolomen ¢raoy dorreation dadetaccdfiin@ionar y
data is then processed to recover the track m (and any ot her information
encoded iﬂﬁqn%QﬁkBES fields) by the PES data processor 33. The track 117
information, etc., " is then provided to the servo processor 34 for use in
controlling and, adj.usting the position of the heads, e.g. seeking - , and
track foll ow n§ig FHEUStRRIESHE JRZIcPIPERIENE ‘%P%%@%Pwew gecording to
architecture, but for better understanding of the invention and not to
i mply |i mafh ambodiment pf therinsertioner vo sector format will be conpared to an
enbodi nent of the invention. There is shown in Fig. 2A a typical prior art
servo sector f?{gﬁé ilWdstritel | the goﬂﬁﬁhgﬁﬂ%m ﬁﬂﬁé?ﬂwlé&ﬁinet%h@aéta'tﬁ gths. The
he or 1s 13 It 1s

total length o servo sec 4 bits an partitioned into

seven fields. . The effectjve 15 2002 | ength | s,.onl 4 bits

S e 1 hoCmeHlinoRE rac 3 Copsedt afisnth buShea A g PrbBY iR ohieTre. & b
(Servo B7) field consists of a unique bit pattern and marks the start of

t he servoirsention. proper. Of the next three fields; nanely, HD (Head), TID
(Track ldentity), and SECTOR, the TIDis the nost critical since it
identifies thefig agks a Bloek dilefsAR X dlPED dﬁf@%b@@s@r”é‘dcbﬂd@ﬁg’to%ﬁéxhbéﬂlhﬁﬂt gpta.
The practice has been to encode just the TIDfield in a reflected. binary -
code. Thevi.rtue. of reflected binary or Gay code is that the track
identity PF&HY%&%@R to track changes by only one bit. This permts off
track reading of the TID field. The property. of changing _just one bit

bet ween t r acks Fithehisasblogk dingrap showsigs H)A%S?/ data pgtlectp{)a@cﬂ éJ Edata processor

i nvention, precluded protecting the TID and other information in the servo
field wtin felfion to other servo system components.

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

of the invention.




Figure 5 illustrates the relative positions of the PES fields, ich are
often called "bursts,” wth regard to each other and the cent eﬁ,glniHLoQUOQe
tracks in an enbodi nent of the invention. The terns "field, "signal" and
"burst” will be used interchangeably to refer to a PES unit. Tracks 1-5 are
shown as extendi ng horizontally across 8he figure with their corresponding

PES bursts. The head w | IDditriistiotiBf the Ppéfelrfety Embisdinietip | eft to right as
Figure 5 is drawmn. The P ursts are shown as belng approxi mtely as w de

P act ci ng. t e ahpRUReRF i kAbclo FIE BRI R % BiisdR fiepdsd B oe
centerline of the track. These wi|l be referred to a one group of bursts
whi | e t he linitingstheratter being e durationof the elainassnnendingdhe specifidationef erred to
a second group. The PES burst 51 is centered on the centerline of track 1 .

PES burst 52 i Refefrivgtndw Fight, theretis showe agimplifiekbldck Hiagrant 004 iskhdrive
centerline, so that less than only 15 J UL 2002 12 a portion of the

wi dt h of i : t i f - bel ow.t h

cent or 1 ndtRraHE 8 pE ey | Fe g P ARG BeOBlibefo ws 1 o
over track 1. PES burst 54 is centered on track 2. PES bursts 51-54 are
al so pl acduioftariyi A medem disk<irive sagy have 9ge On 81QTe SHRTOPEOCEHRNS eoniraiking
following track 1 will pass each of the burst at a different tine. PES

burst 53 wadrioub €uretisfs dFigures shdvwsSa Bevigit with a5 singledmidrbsrobesseit 194, ter d and
PES burst 51 last. Thus, the PES bursts in Figure 5 are arranged in four

di stinct tj] .t RE - di LSt ! i t 1)

it er chand OB R e Berd itlotsdf s ohiimpiiy el ItrRaE ' Corkillas spd dpua,,
radi al posjtions, The groups of four PES bursts will be repeated nmultiple
times aro ﬁﬁlthfeHﬁ."V&i cope é‘ﬁ'ﬂ\ﬁrﬁqshgﬂl%@’@t shoy) Vig pathy 2 intedhe dnferfege each
pair of concentric tracks as in the prior art. The order of the bursts is
not criti cAéctfomicstlid, vherrthe host 16ml cemamnide ard thanstated mtd devdcdlevslt s 51, 54,
etc. (Goup A could be placed ahead of the offset bursts 52, 53, 55, etc.
(G oup B).cohiRasdénMchiahs. 'Bhe éd?ﬁrdil%]t Blebi¥Snigd 418coStdieel 4kt t(iaers%ﬁd%\.’ae‘c orm

i nduced in the read head fromeach of the four bursts to judg ere the

head is inyrelati to.t t.er i s _per. t iof ar i nce wil |
e descr i A tEpEfrobt o MearSiif /A5 heEiien I e erld BrestipBfss 112
essentially constant despite having information encoded in them The

i nvent i ons(wlegle tymeallyriaelades apersouprasessonhteceives fancpesitiominforamtionDirgm the
information, to be stored in the PES fields. Continuing to reference Figure

5, in 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 end 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.



enbodi nent of the invention shown, the track ID for track 1 isgrec rigg'
both PES bursts 52 and 51. Simlarly, the track ID for traek 2 E-fu ﬂbﬁ
in both PES bursts 53 and 54. Wen a head is either seeking or track
followi ng, the relative signal strength at 15 J UL 2002 13 the head from
the bursts will vary. It is to be expecded that it will be nore difficult
to read the i nflherRiW Gleatrmninsgediorm thertesic demadutationgmé|detactiondedisians bhe
head decreases. Since the burst are arrayed in an overl apping pattern, the

head will ¢ @ra%@#i@tatsﬁ%x\{afsaﬁ'oxﬁtthé F‘e%%?heﬁgm@?@ébtﬁ'%ﬁhﬁé&% afs ﬁitol?1 %attqa%f ID

fields. In the ng exanpl e be assurre hat a ow ng a

bur ot . bt Bi it shoafe FnaRa AR VRUSAORGIRE isBerd GonsslRdi 1y

enpl oyed as will be seen. A head following track 1 in Figure 5 will pass
burst 53 aedondargtotscherked ich astrivehengts imied {RLEY cadidg mdueh entmake the abilitgnd

w Il then pass over burst 51 and read track ID 1. If these IDs are
concat enatggdhe §)J§&)ﬁ1 & Sccuratdly red th8 Adtal Rck OVIRIcdriveséd Bm‘ﬁnB) Jiat& Bi‘éﬁ%
and read trackID 2, then pass burst 55 and read track WI Il hen

pass over 4. and, re If. the are co cate ted,. the y
B 35, Bulleh oot PP R S 6 e darathe PERG I FibdhidcormRron
even/ odd track di st| nction. Thus, the track 1 ID sequence is "n+l, n,
whi | e t he typigalky czall@d@ﬁ(ﬁcbeqksbytes onsympbots. "ThenE@Ctcheck bytsetagathes wnbhahsymeem
can determ ne which track it is follow ng despite having read two different

track 1D sjatd ftypiballyseatled MobtSorthstonter idatd) %?féstfmn B kodeRords, OTige BCQOr e of
the bursts, position information can st|I be gl eaned by knowi ng the tining

of the bursts). and,the | en de rei.n . For i,f .the head
"5 abe ¢ GeiliaR gt sOrerby e WA st E ileqmyRpfy RBicBadiR bty 1 he
servo systemw Il know that it has read the centerline burst for track 1.

| f only buostroder fynetiof e Whesup errors age fapad\grwheriboerrpes havg dren epmrectad, and

that the burst to the left of track 1 was read. If only burst 53 has been

read, the thecwstomeddatd idkent #Ohe hbdt withdiethe\ECIC bynenw It bleould &e koted that the and
know that the burst overlaying track 1 and track 2 was read. Thus,

Con o1 A WA Bl ot Sl BB

Information as ﬂteel Atsk 104 has a thin film magnetic coating which allows the servo information
and the raw data to be stored as magnetic transitions. The servo sector data 120A-B are
typically written in arcing radial lines at regular radial (angular) positions around the

- disk. For purposes of this invention, a sector is defined as a fixed recording length along
a track. For instance, a typical 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
multiple 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



The technique for recording the track 1D as well as any other i r i
in the PES burst will now be illustrated by describing a speci ffso’ﬂm- ?ﬂoz
enbodi nent of the invention. In Fig. 2A, the PES (Position Error Signal)
field of 64 bits is the largest. The 64 bit field should be thought of as

space reserved for the PES bursts, singe only a subportion, i. e, one burst
wi || be alZogasil5lyi1t52 windd thaee inoserdath lsectorstietwedn seevd seetorb ¢hamithe tiacks inof f set
fromthe track centerline as is illustrated in Figure 5. The prior art

bursts,  ofiniki ffes 'P?s‘.eAi’tBSuélY"‘bnl}IﬂM‘é‘eez ks hhowdYif W%gﬁg%%&té%&%ﬁghgff

uni formy spaced nmagnetic tTansitions Ich can be t as a s ence
of recordeld eg's. The two, . three or four bursts are identical except for
their posiltthton the npmbgrefePnesat this prior art servo sector format woul d
typically be witten phase-aligned track to track at a nom nal 20 MHz rate.
Fig. 2B shows drigerebiatelock diageans showingecPldS datardetectardindiRES datelpeocessor
desi gnations and bit |lengths according to the invention. It should be noted

that the SRrVRLSKES Qﬁa[léég sdrdb Q%c:ess(ilt?ééiir&}i{r?g{n@fa s€ivd ﬁbng?%f,%ﬂr}th?ﬁﬂ&lsgﬁte@weh

the inproved error to ance perm reco ng 1 nf

densities so less .total djsk.space.is used. A's t here .are several

subst ant i \Fég‘}?rlnﬁﬂéggta %a%@gf’vﬁﬁ%aﬁé ‘?c??@%‘%ﬂ‘ﬁ\km’?nﬁﬁt B be
confused with the standard ECC which is used to protect the custoner data.
The cust oreavefiernzs fF@@ the readthead f whichare imduogdiby therPES biviistseare provgsset dn BES
ECC of the invention. 15 J UL 2002 15 At the initial, lowest |evel
magnet i c Eia@ﬂ?él pai3S The WhRfdPhS cah BRaprocédsed b fithe Pride ahrﬁyoarﬁld’ga{e)m@ at a

bits. In Figure 7 the unit which takes the waveform fromthe read head and

perfornms this function is.sho as,the PES data detector. .31. . The,bits of
ot or mmt | diogssiiBE gl RS wedfiave ablb g R et inod b et hoo
has no necessary relationship to the schene used for the custoner data. The
f ol | owi ng tarsts & arpvides information ta the seaye progessot 34 @ntthe positien obthe head imot
intended to be an exhaustive list. A bit can be mapped as one "data" bit to

one flux treRwishttd anrackn Inhddition &s thetdmalop mecssingotheavdvetornis e sofivepfeddy a
particular tine is a one and its absence a zero. This provides the npst

conpact sghg mso({;tﬁﬁ&g%i:' 91 jrft8ra @ HMHRY Qatal ef,tg::b*iﬁarg?ia& igi(?l’[? ;rf %r%g?%%d’nf(o 1101"

transiti'(')n, ¢ egative transition; and ~no t'r'anfs _
Cransi t1 oreeqthrthe faclelth (adtang QUG SBREmaten Saeadsi totp 4P BR el By e RBSence
is a zero. This is less conpact, but dibits are often easier to detect than
si ngl e bi tdathpromesser 38. dharnrack IDiinfoematign, dte), tihitkercprowided to the servo
processor 34 for use in controlling and adjusting the position of the heads, e.g. seeking
and track following.

The invention is independent of the servo data archite'(':ture, 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



"1101" beconmes "+- +- 00 +-", twice as long as the first exanp
"data" bit can be encoded using three clocking periods, the fir 5 Jlfkw2002
has a flux transition (for clocking/run length Iimting) and the second or
third contains a second flux transition depending on whether the "data" is
a one or zero. In this case "1101" beddmes r, "+-0 +-0 +0- +-0". This

parti cul alengthisonlyl K4rbits strgectbe AV/R field\isinotprrtinent t positieningtinformetide t hat
provides run length limting. It is also possible to use the schene

proposed Pye mm&gbﬂﬂ?]ﬁelﬂd&sﬁfs%ﬂa%ﬁhﬂe bit E@l@erﬁ%ﬂﬁirﬁﬁkk e start of IR A 1S

phase encoded using the sane notation as above a 1 ~5,1 UL 2002 16

becones 0+ beco (o} i s,useful
when the ¥° orfptr%QﬁEeWF ge@&%éfﬂ@sapmnﬁow? ?ﬁﬁ%ﬂ’? ?%%@ﬁ’é r’é‘t@r I§dcl ock.
G ven a schene to record and decode binary data in the PES, the actual

i nf or mat | SECTOR, dhe THA ds themest critieal sEsedhidentifiesctbi grackl. The SECTQR a0dHiad
enbodi ment the servo data is mapped into an ECC codeword for any given

track by g&% i&rﬁnﬂﬂlai‘f paﬁﬁoxlﬁhg datal I THE practidechabibeem Bflerbaide fiist ey TID FBRI gD
bit string into mbytes of |éngth n bits each. Next, r redundant bytes of n

bits each ref rrred [ i.n r QV, the ntn
bi ¢ st i BRI LR [ T Ot etfieni by B3iaY co@%@ A TA e pdenuiy
any given (nfn + r*n) bit strlng is mapped into_an g) bit vector of
wei ght j . froodeagkrtadrack chargesde anbienabis Tbisrregmiy of tmkt r@néltngmg’ theyEID"
vectors in a predetermned order. Finally, each codeword is witten as

si gnal bufiglds THe pkoperfynéf chafigingtjostione bitHietwes track3swidh dshvgs therGray tede ser vo
fleld For exanple, if the paraneters m n, r, q, and j assune the val ues

bi t;n =6 H%’ft Efiﬂrﬂ) t@f:fnﬁé&t P&El{)ﬁyﬁr%c uded Ré}t%&]?lg}ﬂer C%h%?heé(lﬂfongg tio eﬁo rd

vvelght = If the TIDis a string of nn = 18 bits, firstly,
the stri né‘e\ﬁﬁﬂoéfédb‘flﬁbﬁgg intom=6 byt es of n = 3 bits per byte.
Secondly, r = 2 redundant bytes of n 3 bits each are derived as a residue
of a Y. Reed- Sbigumoh ildmstﬂd&asrhmgalﬁﬁ(é mlsiti:mhismﬁ tlopRE S fiehds, whinh drb eftafi naledl 8
bit string. Thirdly, each n 3 bit byte for any given string of (nmfn +
rn) = 28 RIS, with RERRS: 4 Rto SoNBRRR Y Bebelerfifes'ofthe tra&st%tanve‘?ﬁﬁ&ﬁm@ﬁﬁ yei ght
] 3. The mappi ng excl udes vectors having runs of | leading or trailing

1's, suc hthaesin%elnt{ogo ﬁxréqe 001';]fleld Asf:g?lg Ve%gid'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 5 is drawn. The PES bursts are shown as being approximately as wide as the
tracks, but the precise width and positioning are not critical f;cr 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



15 ,i UL 2002 17 ECC code as used in this invention is a con e i

the 2" = 8 vectors of 5 bits each. This constitutes a 40-bit goaSewhm
the ECC code. This codeword is witten into one or nore of the PES fiel ds.
Each codeword thus exhibits a predeterm ned m ni nrum wei ght and
run-length-limted attributes. In this12znbodi nrent of the invention for a 40
bit codewarpbrtiohef thedeidti of st isover frack 1.8 PES mstsi3aistofizet ghdw f4e code.

Q her codes are equally possi bl e depending of the length of the TID field,

the degr egefferledRfdckar da?)gbtﬁhf&ﬁy a§foftionl HEHEXAET 6F gajﬂ@%x% s hpfQ @

di mensi on 18, a m ni num ance’ 6, a constant weli ght 24, and a nmaxi num'

run of 0'g of 2.. The di,rensi 18 15 the hit length of the data to, be
encoded. %l,lgstﬁg A centgged;on tﬁ?gnzn u ﬁ)#érsb‘l{?ts gﬁf i‘t aH ﬁa@é&éaﬁmmﬂ%ltmﬁ ght
24 is the nunber of 1's in each codeword. The constant wei ght of the code
al | ows t healdng the tmicksaltisatdid beaddollowingteadkehdill padgseeacn bEthediuest anndiffisrent as
in the prior art, since each burst will have 24 bits which are 1's and 16

bits which ;S| . Lo ; ol ok
'ts 'C;qrﬁ‘é..efﬁi burst %%gvglll ﬁ%ﬁ?ﬁé& ﬁkﬁ?ﬁES%rﬁQE&WPEB%@?& fé"%%‘ﬁg _ rac

identity Dinthis e I'S represent a string Thi s

& cal o Pk S Hf B hg HSiteR i PR 8o ergtesdah pnoisinel dinge °( 1 +

.Xz + x3). To the six information synbols, two redundant synbols are added
usi ng r t Ipesitions mheoithe diskas ratatingiuridet tie Head. Intorokangeablyathe faurRESigramps
15 ~UL 2002 18 The finite field GF(8) defined by 1 + ace + .x~ can be

witten acgorsl didclibed s Falidg fito folr rauil pdatbies. 1TNE btipQlof TolrPESBursfs
"a"00001001010a001az101a3111a4110a5011a6 Next, each 3-bit synbol 1Is

;(r: ggf L io L ge‘?lgl brfgg%pgatgd g‘lgltlt[l®¥ Eltégglg: gﬁr{d_ the %Es?(rz)s s?ngw%qg %\{\é)urrg 1 OafndV\vls?ﬂlq)%trep:;’eated

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 centerline 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, iggluding track ID
information, to be stored in the PES fields. Continuing to reference Figure 5, in the
embodiment 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



r. 15 ~i UL 2°002 19 le 2 3-bit synbol X5-bit synbol Vector g Y& f

(X) 00010110001110100101100101110101100100111010111 011001101111&I 51&'%32082
that iit is desired to encode the 18-bit string a in the formof six 3-bit
bytes: Let a = O 11 000 100 010 010 110. If the bytes in a are witten as
powers of "a" according to Table 1, thth a = (a6, 0, 1, a, a, as). Encoding
a usi ng tthe hpad from theémlrstsrmld varyH,It tsnerbetexpetrtgﬂthatlanwxlbpe ewredifficdtied to a
as f ' follows: !, (ab, 0, 1, a, a, as, as) = Ol1 000 100 010 010
110 001 1¢4Qd tifd 1ﬂfédﬁhtnoﬁ%ébr&éd mﬂu%%&he?slghdl s&)tﬁ@tﬂ'a‘% tRf head debx%a&%pped into

a 5-bit vector of weight 3 according to Table 2 t0 obtain the final

constr ai RS codeword " W 10 01 01 010
b101, - Siges heliursigh Srafbdinin erlapDiR PE A MR RSN b 18R Bhiefgh
The enbodi nent exanpl e used for encoding will be used to illustrate data
decodi ng enccandipenbapsanorecofithe drackdP. fiels.er t he binary codeword has been
read back fromthe PES fields) the first step partitions the codeword into

the 5-bit VeCtIhrtﬁe‘fol‘MWﬁE e&&ﬁplélemera@@méumaaa Bedd followi® lasratkagitor di ng

to Table 2. Thus, X denotes this napplng However, it nay
happen t hat e . 1o, errors L cul ar bi t vegt

count er paopicalippp B@MFM R S PR o kSR, IS4t S e e
val ue "000" is assigned to f ' (Y) and at the same tine the synmbol is

flagged afories imyentioretorher sucpessfully eorployesimsiuilibe seenorA thead) following tragk dune
that a word Wof length 40 is read back fromthe PES field of the servo
sector frgmj mt@aswuc ité%rbuffrﬁaﬂ?»kand'raad hsclammetheﬁtpass Bitst SD@sEreadwadk bB 1( YO

Y Yz Y3 Y4 5 Y6 Y~), where each Y., is a 5-bit vector. The next step in

decodi ng J:Lr?d will then pass over burst 51 and read track ID 1. If these IDs are concatenated, 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 is "n+1, n, n"
while the track 2 sequence is "n, n+1, n." In either case the servo system can determine
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

information can still be gleaned by knowing the timing of thg‘ 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. If only burst 53 has been read, the servo



| ooki ng up each vector Y in the table and counting the nunber Sf enrar
flags . This is ternmed estimating the value ,R-'~ of each vect 5 UL%DZS
denoted by R-"~ =.f"~"(Y.,) lying in the range (0 s i s 7). Since the
codewords in this enbodi nent have a m ni mum di stance of six from each
other, this means that the code can ddrrect up to two errors and detect up
to three systear vallknow thetiragk 18} isrfoand knayy that thesbuseteoverlayingdrackl andttrackhen
at least three errors have occurred and the vector is uncorrectable.

However, 3 {val &, t Thks tcBﬁﬁﬁmﬁg ALSrARD RaAknowl&igd Ut wifieh ﬁﬂuﬁ%’ﬂﬂi #id butdten

the error, if any, may be correctable. If zero flags are co ed there is

still ap055|b|I|t t Iessfla t he
next steppsread %i‘¥¥“°r V/‘g [}’53 }cﬁ.ﬁeliseg ‘;)?toardafetho&ag 1029%8%“% asw
utilizing the parity check matrix H S = R ~~ ~I~ R~2~ R ~3~ R ~4~
R ~5~ R ~6~ Srhe-terhnique forl recordmmheuacbwmmll asang-other information irRtighe
remai ni ng part of the analysis is standard syndrone interpretation of RS

codewor dSpES bhft K411 HedSSe luﬁ@mw by @esdribatiSa spdeefid émaodlﬁ{ent ¥Pthelifehtion.
Referring nowto Fig. 3, there is shown a visual exanple according to the

code and Wi iy Phe L Eabeg ikt Sishd ﬁe@"@s&f%ﬁ%ﬁpﬁ Sl Pl el

utilized for both track identification and EOSI tion error signal purposes,
and i n t hehoulbbesthoyghtefsasspaemisseraed farthe PES bursis,isines anlpagnlportion i® D f or
track 10 is represented by an 18-bit sequence. The 18-bit sequence is in

turn par sgst st wilhbsakgnzdvith etk and Inoresedilneistisr bd-abként vy GERétSréhe
added usi ng an extended [ 8, 6] Reed-Sol onon code as defined by parity check

| ~ d
Tapped i ﬁ'c?%t?ﬁéﬂﬁ%?dsés Blétoled i Fllgt Sy RBlos PHIIRYE, i el oo
code. As rrentl oned before, concatenation V. of the eight vectors.in a

pr edet er iV dhise @& foure ane exsentizibing gRoun of unifosmiyspaced ma@nﬁfgc fransitienspes
fields. Referring nowto Fig. 4, there is shown an enbodi nent of a PES data

pr ocessorwhitheaabedhatght of bmansec’luenEé of récordedcbnc efttanaid, yhipaot fafr buksts ser vo
electronics (Fig. 1, 112).
identical except for their position. It is noted that this prior art servo sector format would
typically be written phase-aligned track to track at a nominal 20 MHz rate.
Fig. 2B shows an embodiment of a servo sector formatted with field designations
and bit lengths according to the invention. It should be noted that the servo sector is
larger, consisting of 212 bits in length. However, the improved error tolerance permits
recording information in higher bit densities so less total dis}c' 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.



15 J UL 2002 22 It includes four pattern registers 156, 158, 0,
an arrangenent of timng 154 and selector circuits 150 respons“ls J&EW

standard SID 102, SELECT 106 and CLOCK 104 signals. The PES data detector
31 converts the nmagnetic transitions in the PES fields into data bits which
flow on data path 100 into a shift regbster 152. The shift register
synchronous| y Attheshiciak Idveest delelimaghétiy thansitionsah ithelPBS sigaals\aecitramslitee dat a
path 100 using clock 104 and select line 110 to the selected one of a

plural i ty,ofpf ﬁgtd%ﬁ;:l&ﬁie gfnsﬁlg{u% B8 unithich Blkes #R2 wal;@l‘?)n'fiqlr(ﬁﬁttﬁ’é rend Aad 10

fromthe sel ect o th attern reglsters corrprlses at l'east two bits
to allow s i on of any one of the f atternr rs, nbol

pr ocesso @&FftoﬁﬁﬁLt}!@ funglionds g&%*‘%@?%ﬁsg tﬁﬁiF@ﬁté’r m?}éﬁt‘ﬁ\él‘ IM@HPR1t er s
over a connecting path 118, then perforns the bit-vector to synbol mapping
and the I%SndbeteawdadrinathESrinee\tdrairwm anddhevhaien imethdtehasatoemdcesbapat t er n.
Further, the synbol processor 164 corrects any errors in the patterns up to
t he capa 0 a
regi ster%f%gc aﬁttﬁtlﬁéﬁgﬁ%@@ Sgﬁlsfél P&O&%H -ﬁe)@?"gr a}é@ {;r 168
on path 124 at a tinme determ ned by the, output f t he contr i.ster 154
using si gHiAr am‘say&ﬁﬁéeqqréth%batss Pur deeet ittty eraélgqxlgeléﬁtwigtgt o O3B be
avai l abl e for use by the servo system over paths 122 and |26 respectively.
The tr ackmappedesae "datat bitto bagflns transibionhia wkick cadeldh¢ BiedPndeiofianfuxsi gnal on
r. path 102 initializing timng control circuitry 154. A gate signal on

path 112 ¢4eionhe atﬁamlélﬂalct'nhﬁltﬂﬁoﬁéﬁn&ﬁ@ﬁﬁé&héeﬁ&@rof 1% provides aRfmpey ds on
path 100 into a shift register as paced by clocking on path 104. The RS

. codewor d t £ t 156 16 ”,162
oF ocked. PR w&emegcﬁ* odiRep SR BRTP kP! 0 p0siE Bud Bargs 5 o r cur ¢

154. Since the four different groups of PES bursts are distingui shabl e by
t hei r radieghtiyeisansitiors and "0'hno tiansition, then 5k10df beeomese SID, they are al so
di stingui shable by the tine that they pass by the read head as the disk

rotates. 'kal( ew ngbithgarChindppedaone! "datg ditab algadr A GOLAWRIHS éﬂi’blt h:he

regi sters, the servo electronics will select one of the four codewor d

patterns ( C{Eﬁg)n&%h@@o £ i s%fonltegxg\dflgt%s rﬁ? 1?%'&? 0. gfh%’ﬁsl%ss’aég&ﬂ&ﬁ{ biaf>

pattern & S|gna on ath i'S supp circui turn,
circuit 1570, activates one of thefour el ect Ilns 108 0 enahl e out put of
one of t %@rpé}fwnre@@aest%&@e%@n Ingle bilg Pcamgo ehrnghikenng. rlégﬂ”étcég
codeword contents are applied to synbol processor 164 over path 118 mhere
its syndr'di®$" bédomdse'+- +- 00 +-", twice as long as the first example. The "data" bit can be

encoded using three clocking periods, the first of which has a flux transition (for
clocking/run length limiting) and the second or third contains a second flux transition
depending 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 a1



derived and any errors determned fromthe syndromes. Errors w thi h
power of the code will be corrected and reported in error reg&&tﬂi[ﬁ?ﬂﬂz
This will be acconpanied by an indicati‘on of the nunber of errors.

O herwise, the TIDw Il be stored in register 166. Figure 6 is a bl ock

di agram of a synbol processor 164 acconéing to the described enbodi nent of

t he i nventbeosmes*(-0020r 8eH00" afida"@" Bebfifel ¢00-+0'raD0i0Me TRESs pséfukbwhen the
regi sters conmes into the bit-vector extractor 61 which partitions the bits

into the hj; : : [ ' rg of S bits each. The
bit-vect o?*s“t%‘)f/‘ﬁ’%%‘%@é&gf%‘q‘?ﬂg’qﬁg"%ﬁ%@h@e %gﬁﬁﬁt\a@g&@ﬁg 5-bit vectors using
the vectoraynbol table 63 into the correspondi n(t:’qjs- bi t&ssynbol s for all5-bit
vectors not corii¥ehpseheme torrecordandidiscodebipary; data,incthe £FS, theacuadt or havi ng

errors). One of the error flags 64 is set or a counter is increnmented for

each 5-bi tinfoemhtion dhtehoand EOC 6fthe PESt @hderdesignedblis ties3deséibedeibddifefbol s
are passed to the syndrone cal cul ator 65. The syndrones are passed to the

15J UL 2 . 7 i . t ect
and” cor T ecteapd SRERIARIAGIHORCE LAONG 17 By EREn IPERS TESelifl 4 vP¥
synbols in.the track ID register 166. The decoder/corrector 67 has access
to the fl dikstangtq ﬁietlilr@r@dapaétlwuflg sheom{r bit stringainfoyp bydasiaf lengtia g bigs each.

zero) and the syndromes are zero, then the 3-bit synbols are placed

unchanged Nt tedandam ditel Bf pdiis el ark@ormddas fheredidws 6fn BCGtensodifigupdat ed
in error register 168 as previously indicated. A second enbodi nent of the

i nvention Mi iSste : 2 regi, st

(A D). as HPTSSORLUERTHnil Sh" Hfer roiilE MEM[odbhBAS thids SOL S Ove, .,
and single track 1D register. in the enbodinent shown.i.n Figure 4. G ven
Suf £ 1 ci ontPyAMAEFeR (ERHoTY) b ArHE 1 MAPRed Iite 28 fdcy) bifeeldf gbaveightaces sor
Could attenpt to resolve the track 117 and other information in all four
PES bur st Gpdewoesdsindhe EQiecadrcdre fermed: byi conaatenatingstheon2fi weptorsah |1 D

regi ster. The output 116 of the timng control circuit 154 of Figure 4

coul d be ysedbtérthif@NbrdRE! Fﬁl‘ﬁll?ﬁi daldh $8H&%drd"is WirftleHlab sRhPbUirsty &8 1{Wid @gown i n
Fig. 8) to process and store the information fromeach of the four PES

bursts (A.B.C.Dhddon the corresponding tragk B7 register (A-D). Simlarly in
Chi s enbodniocy P Eoes O W B ERRG er r o Tegi sters. (AD) i ch
are selected to store the error status for each of the four bursts. Note
that it is not fesexamptey if the paspmeterin, mEsapeirdi asspae dhg valuesofim & ¢ byes,. .
for a particular position. Preferably each of the track ID registers and
the error #eg@ibitsges bveyt & Dbeedondimt dytes,| (@bt @) £8rbitsgpdi3nthehyn@ Sgy ¥e(n + q)
processor. G ven the nethod of
= 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 be blocked into m = 6 bytes of n = 3 bits per byte.
Secondly, r = 2 redundant bytes of n =3 bits each are derived as a residue of a
Reed-Solomon or Hamming ECC encoding operation over the m*n = 18 bit string.
Thirdly, each n = 3 bit byte for any given string of (m*n + r*n) = 24 bits = 8 bytes is

mapped into an (n + g) = 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



recording the track IDs in the PES fields shown in Figure 5, | t,4 Bl
track ID registers 15 J UL 2002 25 would al | ow easy conpar Jgsmjm.mz

IDs fromeach field so that the maxi numinformati on about the position
woul d be passed to the servo processor. While the invention has been
described with respect to an illustratizve enbodi nent thereof, it wll be
under st o0dECO @bde &y ised<in ¢his higentionys Heonvatthation dfthe et he@ weetbrsrofd dither ei n
described wi thout departing fromthe scope and teaching of the invention.

Accor di ngleyop t 6 ASRGE, Egotﬁgféﬁ? ?{)Jﬁ{ﬁggiiﬁ HeECE cﬁﬁgsﬁﬂﬁrc%qe\%qu% Wrﬁf%flrl}?{oar y

and the invention TS no except as specifred rn the attached
clainms. ,. 15 J U L 2002 26 CLA I\/Bﬁ& A data staorage disk conprising: a
subst r at e;ong oxaaeTeof the RES figldsy Faah Gadenesd shyusexhihitsiapredefpaningd minimem o
plurality of position error signals recorded on the magnetic recording

medi um t heeiglsdridi ran-length+linsitegin@tribuesyi ng at | east first and second groups
with the first group of position error signals being angularly offset from

t he second gro i L Or: 1 r i S
posi t1 oned on_ ARl eBthaR S inRntlR o A0Bir cblighotd BRdle P thoige isa
fromthe centerline of the track, each position error signal (PES) being a
set of mdﬂ@{lgé]ppaﬁgmtw‘asht, 24.¢0de. @@%&dﬁﬁwqueﬁy pRsIE ?iep@dnao?fetb@mi ng
bi nary data which is a function of a track nunber where the PES is | ocated,

t he bi nar ylenizth af thecTifiokl, theddegdenafiprotettsoniésided petov i The exafplestoderiasa
detecting schene for reading errors, the binary data being further conposed

of a pl urabpdek 401 aﬁhh%s?ngrﬁ]%ﬁa MHiﬁM&fsfaﬁéé’@,”é’cé&lmg?{ % it 283D rlaRREmP! t S

than the bit=vectors Creates a nappl ng prov second error
.detecting sch : e . data.stora i sk gf aim1 wherein t bi nary
Gata i n Timeot Dot B O ikt Rhethettl Bt deentodserhon whi oh
the first group of PES is centered. 3. The data storage disk of claim?2
further cdepgth4Origthermuniberrof bitsim eachgrodawerd f Throweight 24 & the nusibgnef E'swli ch
are angularly offset fromeach other and fromthe first and second

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

head to be integrated and used as in the prior art, since each burst will have 24 bits which

are 1's and 16 bits which are 0's in varying positions.

As mentioned previously, the track identity 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.

(1 +x*+x*. To the six information symbols, two redundant symbols are added using

the parity check matrix:



groups of position error signals, the first group of PES bei e
the centerline of alternating tracks while the third group of SEJGL ?Uﬁf

l,ocated on the centerline of tracks |ocated 15 J UL 2002 27 between the
alternating tracks and the fourth group of PES is offset fromthe
centerline of the third group of PES, 47 The data storage disk of claim1l
wher ei n t Ake finite figl HEFEB)idefihed by lmiﬁﬁsbmdaegmnma@brd?li@to Tabledeas ECC
check syrrbol s. 5. The data storage disk of claim1 wherein at |east one
synbol @At s an ECC check symbol . 6. The data storage disk of claim1l
wher ei n t e b| nary data in first and second groups of PES is conposed of a
plurality of n-bit vectors which map t lurality of synmbols having n-2
or less bits per synbol. 7. The data sf%ﬁ%ge di sk of claim®6 wherein the
plurality of synbols format least one ¢ dem)_uj_L_n_au ror correction

code. 8. The data storage d| %lﬁ’é fida,l m %wfe%\ch PES in the first
group has an equal nunber marmp ic tr msnlnm The data storage disk
of claim8 wherein the bi 1ary deyog in fifst andgsecond groups of PES

i ncl udes the track nunber eor—whi-ch—the—i4+st—group—of—RES i s centered, 15

J UL 2002 28 10. The datp storage disk of claim9 further conprising third
and fourth groups of posipHef—error—stgrpts—whteh—eare—ahgul arly of fset from
each other and fromthe f{rst ardOsecond|l groups of pogition error

signals, the first group pf—PEStermg—totated—ontiheTtenterline of
alternating tracks while fhe thiG0d group|of PESats |ocajed on the
centerline of tracks |ocafed between thefalternaiing tracks and the fourth
group of PES is offset frpmthe I%dnterlipe of tHe third group of PES. 11. A
data storage disk conpris{ng: alsHbstrat €, a magpeti c recording nedi um
deposited on the substrate: and

110 a
011 af

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

codeword of weight 3 according to Table 2 as follows:
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bytes:
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16. The

&Slisd 1o SeRine A

and including the checkbytes in the codeword.

Letu#=011 000 100 010 010 110.

f .cl ai 14, t dj
eifstERE 1 eor e pLagh

e no st eps
A

If the bytes in u are written as powers of “a” according to Table 1, then

u=(a,0,

1,a a, d).

Encoding u using the parity check matrix H, then two redundant bytes are added to u as

follows:

v=(a0,1,a,a a,d, a)=011 000 100 010 010 110 001 110.

Finally, each of the eight 3-bit symbols 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.
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sector from a particular track. In the above notation, these would be
Y, 1Y, Y, Y, Y, Y, Y;), where each Y is a 5-bit vector. The next step in decoding is
looking up each vector Y in the table and counting the number of error flags . This is
termed estimating the value R® of each vector Y; and is denoted by R® = £-1(¥)) lying in
the range (0 < i < 7).

Since the codewords in this embodiment have a minimum distance of six from
each other, 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
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I b o S sy s

'P 109G () FO/BIOO/G& -m 104|. 104|!y szBK 7" 10938 () -, "10%& () - F@
109G& () - eXemgle drack)L0"ig peRrgsepied Oy kit seatenee. (Ibe/&bet)sequence
& 1096 () - #! 10%3& () I's!109%6& ()- F'"109%6& ()- '10%% ()- AdYNC 104|
10G 10G 10E3mirDpaased Jo- fdvih! s1:03«bit ymbads.! TOWEEdUndant 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
vectors of the [8,6] constrained Reed-Solomon code. As meptioned 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).
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10@10%@&' ()-11:T10%@& ()-DHIE @ 104| ! 10%& ()- "109%& (

1098 () - Lfigtds dtsto (dateatieghich-flow on data path 100 into a shift reglster 152. The shift
register synchronously transfers RS-coded patterns on path 114 received on the data
path 100 using clock 104 and select line 110 to the selected one of a plurality of pattern
registers 156, 158, 160, 162. The selector line 110 from the selector 150 to the pattern
registers comprises at least two bits to allow selection of any one of the four pattern
registers. A symbol processor 164, inputs the selected output from one of the pattern
registers over a connecting path 118, then performs the bit-vector to symbol mapping and
the RS det-ection and correction on codewords in the selected pattern. Further, the symbol
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 number 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.

The track ID decode process begins with the servo II{(S[D) timing signal on

path 102 initializing 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 signals on path 110 from timing
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four PES burst groups. A 2-bit PES pattern selection signal on path 106 is supplied to

circuit 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 codeword
contents are applied to symbol processor 164 over path 118 where its syndromes will be
derived and any errors determined from the syndromes. Errors within the power 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 register 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
registers comes into the 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
mapper 62 which maps the 5-bit vectors using the vector:syxgbol table 63 into the
corresponding 3-bit symbols for all 5-bit vectors not containing errors ( symbol "000" 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
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A second embodiment of the invention uses four error registers (A-D) and four
track ID registers (A-D), as illustrated in Figure 8, which replace the single error register
and single track ID register in the embodiment shown in Figure 4. Given sufficiently fast
circuitry and/or processing speed, the symbol processor ¢ould attempt to resolve the track
ID and other information in all four PES burst groups and store each result in a
corresponding track ID register. The output 116 of the timing 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 from each of the four PES bursts (A,B,C,D) in
the corresponding 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 four bursts. Note that it is not necessary that all four PI%S 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
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invention is not to be limited except as specified in the attached claims.
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L. A data storage disk comprising:

a substrate;

a magnetic recording medium deposited on the substrate; and

a plurality of position error signals recorded on the magnetic recording medium, the
position error signals having at least first and second groups with the first group of position
error signals being angularly offset from the second group of position error signals, the first
group being positioned on a centerline of a track and the second group being offset from the
centerline of the track, each position error signal (PES) being a set of magnetic transitions,
each set of magnetic transitions representing binary data which is a function of a track number
where the PES is located, the binary data including redundancy bits which provide a first error
detecting scheme for reading errors, the binary data being further composed of a plurality of
bit-vectors which correspond to symbols having fewer bits than the bit-vectors which creates a

mapping providing a second error detecting scheme.

2. The data storage disk of claim 1 wherein the binary data in first and second groups of

PES includes the track number on which the first group of PES is centered.

3. The data storage disk of claim 2 further comprising third and fourth groups of
position error signals which are angularly offset from each other and from the first and second
groups of position error signals, the first group of PES being located on the centerline of

alternating tracks while the third group of PES is located on the centerline of tracks located
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& 10%E#g () - Tﬁé@f@ﬁ@ra@e disk of claim 1 wherein the binary data in first and second groups of

PES is composed of a plurality of n-bit vectors which map to a plurality of symbols having n-2

or less bits per symbol.

7. The data storage disk of claim 6 wherein the plurality of symbols form at least one

codeword in an error correction code.

8. The data storage disk of claim 1 wherein each PES in the first group has an equal

number of magnetic transitions.

9. The data storage disk of claim 8 wherein the binary data in first and second groups of

PES includes the track number on which the first group of PES is centered.
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position error signals having at least first, second, third and fourth groups with each group of
position error signal (PES) having a uniquely identifying angular offset from a servo index
marker, the first and third groups of PES being respectively positioned on centerlines of
alternate tracks and the second and fourth groups of PES being offset from centerlines of the
tracks, each PES being a set of magnetic transitions, each set of magnetic transitions
representing binary data which is a function of a concentric track number where the PES is
located, the binary data including redundancy bits for detecting reading errors, the binary data
being further composed of a plurality of n-bit vectors which map to a plurality of symbols
having n-1 or less bits per symbol, the binary data for the first and second PES groups
containing information which identifies the track on which the first PES group is centered and
the binary data for the third and fourth PES groups containing information which identifies the

track on which the third PES group is centered.
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14, A method of making a data storage disk having a magnetic recording medium
comprising the steps of:

encoding a track identifier n in a first codeword which includes redundancy bits;

dividing the first codeword into a first set of one or more symbols;

mapping the first set of one or more symbols into a set of bit-vectors having more bits
per vector than the number of bits in a symbol; and

writing the bit-vectors in a plurality of position error signals at selected radial

positions on the magnetic recording medium.
15. The method of claim 14, wherein the bit vectors have equal weight.
16. The method of claim 14, the encoding steps further comprising the steps of:

calculating error correction code checkbytes; and

including the checkbytes in the codeword.



