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dISk drive typlcally i ncl udes one or nore disks and a head (for each dISk

DATA STORAGE DISK WITH INEORMATION
- ENCODED IN THE POSITION ERROR SIGNAL FIELDS

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 systém 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 diék. A voice coil motor (VCM) is commonly used to position the
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surfaee) nounted on an actuator. which'is posi tionabl e over a selected dne
of the tracks on the rotating- dISk A voice coil motor (VCM is commonly.
used td position the ' 2

actuat or on mhlch the sliders containing the heads are nount ed. The sl i der
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of t.he rotating di ‘seek” to a target tra

any selecte ack, data.s recorded (o) tra W in
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The spositioning of the slider is typically controlled by a cl osed | oop
servo syst tping tofindgr“seek toqptarget track.bBomanyrselsctad; tragks Hataris retorded) uponthet e
transducers (heads) over a target track |n|t|aIIy (SEEKING and in
assuring tfadk vias ‘SPRfePUthointthe USferhdtivel éo dh@vis féad ASmithe tackiid £ t he
data is being read or witten ( CK FOLLOW N A portion of each disk
track is f rg@tt g to include at |east one and typically several servo
fields to & servo systemto update its head position several tines
during each revolution. Each servo field is further formatted to include
servo data i ncl dbe pgsifioning afrthe glidesr isdypjeallys comirdled by elosebloopsenio system.
~conventionally bursts of constant anplitude sinusoidal signals which are

of equal | Thgkdrvaislopératifebethdn Placing e redd aid/ad WriteTtiasducdrs chebdspoeerysed
to generate anal og signals which vary with the position of the read head

Cypi cal |y EoFHERR ARy ThEERM oaﬁtd lhﬁagéﬁtﬁaﬁfﬁ?&é%@mh%@?%ré’ Stor
exanpl e; and D hurst, t he neasured a i tude of the bursts
i ndi cat es fqt@wmgéhqq%acwbl lo,the datatscﬁqmgtﬂa or erfiten ( CKFOLLOWING)

portion of each disk track is formatted to include at least one and typically several servo

fields to allow the servo system to update its head position several times during each
revolution. Each servo field is further formatted to include servo data inclhding positiotl
error signals (PESs). The PES fields are conventiotlally btlrsts of constant amplitude

: sinusoidal signals which are of equal length and are spaced at fixed intervals. These
fields are used to génerate 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.



control -signal is generated to the VCMto adjust the position. A serva
§ystem typically includes a servo processor which controls the VCM and
monitofs the servo data bei ng read from the disk.

3 One way of organrzrng di sk storgge tracks is to divi de a track

into data secto C f DI orde

al ong t he track %m"' é%lslggfo%g %Swgﬁg%% / c%t€§ @a’t‘ed
al ong radi y arC|ng I|nes but in_the connDnIy used "zone bit recording”
(ZBR) nmet hg%rat $estos beme adﬁamb@r ohbigy recarded alongsthe track. Thasewe dateandii ng
to tshe distance that the track is fromthe center of the disk. (See for
exanpl e, HEESlinformation lare typicalliyddcandd dlongd tadifldy arcidpuiidsybuttih ehecathmonfy er al
servo sectors per track. This results in at |east sonme of the servo
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magnetical ly recorded |n the servo data During a SEEK, while noving
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sectors on a track. The TIDs tell the servo systemwhere the head is at
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servo data including  track identification (TID) and other control information.

Conventionally each track has its unique track identity (TID), i.e. the track
address, magnetically recorded in the servo data. During a SEEK, while moving radially
inward or outward, the servo system reads the TIDs from the servo sectors on a track.
The TIDs 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



In this format, the SID (Servo I D) character consists of a timing line or
frar k- and | ocates 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 calded a "G ay" code). The virtue of
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suggestions for_enriching the PES-stored information. Cunni ngham "Quad
Bur st Servo Neeli thg prior 8ytntherdhavecbada\suggestions for ennichingrthe PES-stofekll
Techni cal Disclosure Bulletin, Vol. 33, No. 3B, pp. 198-200, August 1990,
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f undanent aJ._.si nysoi,d reque ich.is used by, the rvo stem
However , t#ﬁ’@ é’L @MJ&CE’E@GF @irc\ﬁ%méeB @’S?Ola#)llg?'ﬁ Hﬂnrlag'@roﬁaﬁugtﬁtvo
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i dent i fyi n}?90; descrikes B quad bursbservorpatieeminl which approximately 8thitssof informmtionas
some of the lower order bits of the track or sector nunber..

Simlarly, caivsls @moded i fhe B Bitist By pRise nshipulRi6R bf the Mnlahemal §ib zglon

and Follow ng", issued March 25, 1880, diiscl oses a servo systemfor
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servo burs

loss of amplitude for normal servo detection. The information can include data unique
to each burst identifying it as A, B, C or D, fbr example by using two. bits, as well as
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 digitaﬂy 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 thé'se’l:vo 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 corruptioh may occur randomly or

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



code and al so integrates the signals to obtain an anal 6g neasure of the
Fead transducer S position in relation to the track. Wi | e
enrichnment of PES fields and the like in the servo sector can result in
enhanced devi ce access performance, it Benders the accurate positioning of

the head/transducer over the tﬁlﬁﬁhégﬁg%h&“h%hgah‘a where the servo
sector information is susceptr orruptron by error or erasure. The

t ndon1 intermtt he squrces nay
iC(r)]&ngdl (r)ur;i rsn;y %hééig geays tﬁleaq movecfservd/sys em and an improved (Pﬁ( as

Sumrary of the Invention A data storage systemw th an inproved
servo syst iellasda anethag of veeerdingland setriewing) sexen informationdvith prosentiodifrgmand
retrieving servo information with protection from errors is described

herein.  Tegors destrived hefeih.NV eTle Method 6P thehvemtivh MYolves map ngﬂ%ﬁthsrm ned
data, e.g. servo data, into codewords with redundancy |nfor tion such as

he pes " PrRBERRHRBE P R8I0 el B R B RaREREy TR sl

the time of manufacture and wll not be changed thereafter. The preferred
ECC encodi HyAtherereprrastion cede GCE) andthemrarordingthesy eridgwardscinty thetRES st cs

regardl ess of the data stored in the PES, so that mninal, if any, change

in the confiekisi ThelPES:fislds eell egically 155 regorded oni the ARRUE thd Eifie OF SnanBESHAE! St S
as in the prior art, . as vveII as, sources of digital data. Thus, the
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maintain analog signal characteristics regardless of the data stored in the PES, so that
minimal, if any, change in the conventional servo detection circuitry 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 iﬁ the allowed weights, e.g., the number of 1's in each codeword
(or magnetic transitions), and m—length—linﬁted (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 bité 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



(or magnetic transitions), and run-length-limted (RLL) attributes.

ln a preferred enbodi nent the servo data mapped into the ECC codewords

i ncl udes track identification (TID) which can be represented by a fixed
nunber of bits of information. The bit® are converted into one or nore ECC

codewor ds.elifilated with a resultirig increase inrebomtingcapatityvAldivughrvariotis typds ofi EOC:
code- by mappi ng the data conprising the TIDinto limted set of bit

patterns L an
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Pl agi ng the ID [ nformatlon in the PES fields using the robust nethod of

t he i nventAr pt ilonally allows the conventional TID field in the servo
data to be reduCed in size or

6 elimnated wilnlone aspeutldflthagmvanmuaé.he frack E¥pardi wijttersinathe PES félds inugh
vari ous types of ECC algorithnms can be used, elther a Reed- Sol onon type

ECC or a '&IE a&%ﬁ? ich fhe tRARTTEY fof dac ach track s r? ﬁi‘ﬁ\ltﬂxﬁf@ﬂ&n Bhe !
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pattern i Lch th ack | D f ck is r n nore one
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of f set so selestedi tragkawhileatheyotheregroup of PES fiedds ia ofiset sorthatkit padiallyioveriaps the
sel ected track. Wen the drive is operating, the previously recorded ECC
codewor ds ddjacefitradk, A8 WRIIC4s th SelBbted #agkal S | WhePHe Anie id6pera@nis ! i ned

synbol s and the ECC codewords are used to ascertain the presence of errors.

previously recorded ECC codewords in one or more of the PES signals is 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 Tﬁ). The TID used in 6onj unction 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
contro! flow therein according to the prior art.
Fig. 2A shows a typical prior art servo sector format with field designations and

bit lengths.



If errors are found, correction can.be performed up to the linmt of the
sel ected code. The corrections are made by conputing the syndrones as in
ECC prior art. This gives an estimate of the servo data that includes the
TID. The TID used in conjunction with-thg waveforns induced in the read

head by the PESg! YBIudstiit&Cd SdvoSequ ffoindtie wiRPHdld Msigfiltidddamitad on the

di sk. - rief Description o aw ng

Fig. 1 depicts a block diagramgof a disk drive expressing the nmajor data
f1 ow and SWF?G?cqfa%tPﬁﬁg’éﬁvﬁn%%or ding to the prior art. Fig. 2A
shows a typical prior art servo sector format with field designati ons and
bit- | engths.  Fig. 3 depicts an example according to the invention of encoding cofbined TID Fi g.
2B illustrates a servo sector reformatted with field designations and bit.
I engt hs achEli9galues bfifzihp Wdhs@dined Reed-Soldthéh erfor@ieetion ééﬂ%ﬁf&iﬂg to
according to the 1nvention of encoding conbined TID and PES val ues
utilizing tﬁ conshr ai ned Reed- Sol onon error correction code according to

t he i nventTofrventon Fig. 4 illustrates the |logic processing blocks in a
PES data processor according to an enbodinent of the invention.

Fig. 5 illustrdfigs4iliustiatssithe dagicqiroeassinpibdoeksin 8 PBSdate pracessor accardingdat a
track

an embodimeﬁt of the invention.

Fig. S5 illustrates the positions of the PES bursts in relation to the data track
centerlines and track ID contéent of each burst on a disk in an embodiment of the
invention.

Fig. 6 is a block diagram of a PES data processor according to an embodiment of
the invention.

Fig. 7 is a block diagram showing a PES data detector and PES data processor
in relation to other servo system components.

Fig. 8 ﬂlustrates thé error registers and track ID registers in a second embodiment

of the invention.



centerlines-and track ID content of each burst on a disk i.-n an enbodi nent
of the invention. Fig. 6 is a block diagramof a PES data '
processor according to an enbodi ment of ‘the invention. Fig. 7is a
bl ock di agram showi ng a PES data detectgr and PES data processor in

relation to other servo ' il lustrates the
error registers and trac fiod ot thié. erred Emb ﬁt nt of the

i nvention. . . . . . . 8.
Descri pti on of Fheembedimentdescribed belomt is merely illustrativeand is nafintended fo bed
belew is nerely illustrative and is not intended to be I|imting, the

| att er beiliigitingetHeuasér beingthetforctivneofithe alains dppendinietheppedificativn. on.
Referring nowto Fig. 1, there is shown a sinplified block diagramof a

di sk drive il | ' he: MR Gy : C w
t herein accordi'ng {rg{étlﬁg”rt%r?} ‘r’gie{?g@%e%rﬁglpggggﬂdfg%n@qwa%%ﬁrgliédyrvg
nore m crqQprocessors controlling wvariqus fupctio Figure 1 shows a

desi gn wi tlﬁ © M7 QL GPRRRNSE Sy r Al .OWCMM thgrein gecording to the

m croprocessor is comonly called the firmvare. Commands and data for the

drive congprior aft: oinmodens disitedriveangybavesdrever) moreamicadproddssons toatroling
interface electronics 114, where the host | evel commands are transl ated

icgg 0 dgg; i gf;aﬁgg%' Iﬁlﬂcppggrg@gé%g ;ggo@&a lde8ign wittPa GRIPIE HibRbroteSior " PIY. Ofhd 15
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 the interface
electronics 114, where the host level commands are translated into device level
commands_ and actions. The controller electronics 115 coordinates activities and data
flow to and from the Read/Write (R/W) Electronics 113. The Servo Electrorﬁcs 112
(which typically includes a servo processor) receives raw position information 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 end of the acmz;tor 106. The disk 104 is rotate_d 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.



flowto and fromthe Read/ Wite (RFW Electronics 113. The Servo -~ . . -

El ectronics 112 (which typically ‘includes a 'servo processor) receives raw

position information fromthe read head(s) 108, including the signal

i nduced by the PES bursts and the signalg corresponding to the TID, then

controls the OYGERAY Bleckfifics pbifaidthe' Basit AeMdailari6h 85 Ubatio deidbis 68!
Th Efef ) bunt ed o

to the voice coi not or The heads 108 are nbunte on the e

the actuatgr 106, The di sk 104 is.totated by a i.ndl e tor. .(not, shown)
ar ound o pi TirEw ata Sgnals Song e 5 hEadh 0 cblyehe Bt SleBald gied vibll el
the:servo data and PES bursts. The data is witten in circular tracks 118
on the pl astegamsof 1'seadd)’ sk . Thevew data signalsivrittenonie the disk atteonstrainedr s 154A,
154B where the user or custoner data is stored.
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decisions on the raw data signals fromthe read heads and convert these

signal s int ipary data Str. £ 'S S).. e raw data. signals
o tren ontbpsatighaf Wby RuRFURe bask , M coniested Wb Rt B el it
run-length Iimted (RLL) coding which enhance the ability of the systemto
accur at el ybufrdnohshayaa Wdhis stage thedatain the yffenigcludasaedundasey infarmation
buffer (not shown). At this stage the data in the buffer includes

r edundancytypivially ¢allédBCC ¢heck diyley of 8yhbels ETGe BEC khévkiptesaogatheionith thed tite
ECC check bytes together with the true data (typically called host or

custoner d [oY0) t ' a ection
har dwar e a‘ri:"rlcfg gﬂ?@rﬁiﬁéﬁéﬂgﬁg O n%ﬂgf g%ﬁ% l}-ﬂg‘? g)gg} %ége&’ggwgghﬁ t ;i:)i}ef%?é
functi on. en.no errors .are found or en the, errors have been corrected,
the cust on&&eﬁ&%ﬂé"%ﬁmﬂ ila{dméarﬁ 8ad opfirmyiare iscemmeenly gonsidered tahe @l d be
noted that the _

controller function.. When no errors are found or when the errors have 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 TID and burst signals are not typically sent to the host.
The disk 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 bytef in length. The data sectors
154A, 154B are placed somewhat iridependently 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



servo-related information, i.e., the TiD-and- burst signals are not
typically sent to the host. . The di:sk-104 has a thin fil mmagnetic
coating which allows the servo information and the raw data to be stored
as magnetic transitions. The servo sectgy data 120A-B are typically
written | nzshed 181, 139 ibull nade nitre HEG! obtord BétivBln SEHIO Yors thA ie'tRiRRs 3 OUNd
the. di'sk. For purposes of this invention, a sector Is defined as a TiXxed
recordi ng l.ength al track..For instance, a typi.cal a sector .m ght
be 512 byt daiktone, B ARnpbgl ntBree iied Fissnobmiiiigte {iAdeiE)

i ndependent|y of the servo sectors, so that there may be multiple data
sect ors betineitantheongmbenofszonesr s and servo sectors may fall in the mddle
of a data sector formng what are called split data fields, e.g. 154B. If

the tracks of a Figswe 7 Rlahlbek dRgiaA soWRIg 22 BRS nta WA al PBS UhG piekdds6t

'660 patent, thentracks in outer .

10 zones 1 52 uld have nore data. sectorg between seryv ectors than
Uhetr acks T e, BPfor 8o BROcRsGRR fiskiify AhA Pl rgnesor fhef dfibatiates e
Figure 1, there is no arbitrar limt on the nunber of zones.

Fi gure. 7 isignal anddatadloyya awal gn g diskairia embedying the inventionS The a
processor in relation to analog servo processing circuitry and a servo

processor twaveforhisifsérhahefeadtead Swhithlar@fidiudéd By tHePES busts ure pré®4sdd intwd
di sk drive enbodying the invention. The waveforns fromthe réad head which
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circuitry 35 which uses the rel ative anal og signal strengths induced by the
processing circuitry 35 which uses the relative analog signal strengths induced 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 pfocessing, the waveforms are converted by
the PES data detector 31 iﬁtf) 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, étc., is then provided to the servo
procéssor 34 for use in controlling and adjusting the position of the heads, e.g. seeking
and track foliowing. | |

The invention is independent of the servo data architefture, but for better
understanding of the invention and not to imply limitation, a pﬁor 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



bursts to prOV|des |nfornat|on to the servo. processor 34 on the- position of
the head in relation to a track. In addition to the anal og processing, the
waveforns are converted by the PES data detector 31 into raw binary dat a.
The binary data is then processed to #xecover the track ID (and any other

i nf or mat i gehgth EOSIAY mmbﬂsfsﬁﬁeﬁegwfmmals ko potiicniAg EBRRMiom 3. The

track ID information, etc., is then provided to the servo processor 34 for -

use in co QSi L, f th d eki ng
and tr ack%ﬁ@ﬁﬁv"nﬂ)ﬁ%ﬂ%{fﬂ% EG (H?rplfg ‘z ﬁiﬁ@fs%rﬁgf@@rs%"odat a
architecture, but for better wunderstandi ng of the I nvention and not to

i npl'y | i miSe@or BYPpeR Ff thernext three figlkdss namely, HE} Hiead), 1D (Treck Weptitydand an
enbodi ment. of -the invention. There is shown in Fig. 2A a typical prior art

servo sectSBCTOR/[1he TID 8 the flodt ciitidal Binke @ridemtifibsahid/trieht. eThe BECTOR Gh@$D The
total length of the servo sector is 134 bits and it is partitioned into

e t no Pod PikifeiyFohiohing daem. The practice es bt fs " ik B0 il Sy

(Servo ID) field consists of a unique bit. pattern and narks the start of

the servo refiestadbingmynade. The viree akseflectsd bunary or Gray eedess fhat thetrackeidentityr) D
(Track Identity), and SECTOR, the TIDis the nost critical since it

i denti f i edrdnieratk & tracki CleangGE<H By whetit. Dhiis peripit@offitrdckiradifs of tHeTTTy
data. The practice has been to encode just the TID field in a reflected.
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of f-track readln f the
prior to the itnstant invention, precluded protectmg the TID and other information 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 éx’tendiﬁg horizopta_lly across the figure with their
correspbnding PES bursts. The head will be assumed to be traveling from left to right as
_Figure 5 is drawn. The PES bursts aré shown as being approximately as wide as the
tracks, but the precise width and positioning-are not critical i;gr 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



field: The property of changi ng-just- one bit between tracks when using the
-G ay code has, prior to the instant invention, precluded protecting the
TI'D) and other information in the servo field with ECC Figure 5
|IIustrates ‘t he reI ative positions of the PES fields, which are often

cal l ed " by n%o& e da?af&#gplsggi%?gﬁek1a%s&ﬁs€$§isecfég§evﬁaoeim he

tracks in an-e The terns and
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correspondi ng PES bursts. The head wi |l be assunmed to be traveling from
left to ri §urstad is penered of trackd?. awikiS turstsPSSharestiso placedsitalifferent pesitins
approximately as wide as the tracks, but the precise width and positioning

are not cr alongathe tatk 86 Aedtithe Réad ﬂaﬂowmgﬁw@n will %%geeasaﬁ of i BIHESHtS aﬁ%rem

pl aced on the centerllne of the track hese wi Il be referred to a

group of bursts St s | off t fr centerli nes vaI
be referred™%oF sle ﬁf%fgmih @%@f%%sﬁﬁg :Egﬁé‘ﬂ'“o#f "LhH' d and
centerline _of track 1 . PES burst 52 is of f.set fromthe centerline of
track 1, i PES bhugst&l lase Thuat the PESbursts in Figure Sase atramgedrinyfour distinct time

12 a portlon of the wwdth of burst 52 is over track 1. PES burst 53 is
of f set bel positibis when il disk & Mitatingi@ide? theiealdh FhtefsHagabhp fHe'tBﬁ'rPES?E&Jé)s

width of burst 53 is over track 1. PES burst 54 is centered on tra
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time. PES buf%t 53 wi be passed first, PES burst 52 second, PES burst 54
third and Will be repeat multlple 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 cn'tical
for the invention. For example, the centerline bursts 5 1, 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 foer
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 lferein allow information, irlgluding track ID
information, to be stored in the PES fields. Continuing to reference Figure 5, in the
embodiment of the invention shown, the tr_ack 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



PES bturst 51 last. Thus, the PES bursts i'n Figure 5 arearranged in four
distinct time positions when the disk is rotating under the head. .

| ht er changeably the four PES groups will be described as falling into four
radi al positions. The groups of four PEggbursts wll be repeated nultiple

times ar O4RE hbdiPfrohtthebarsts Wl vasy. 1t b belexpbstediiat it Gill B PRGRWiffchlt t§2Ch

pair- of concentric tracks as in the prior art. The order of the bursts is
not critic far.the. nventi,o or, ex . the centerlin ursts 51, 54,
0c. L o odhadstethfriagon e in bt o MY Boal sHEngi i Hhe hORL ARG 2 00
(Goup B). The systemcan use the relative signal strength of the waveform
i nduced i rSin¢esthednustiaze arrayeshingacovesiapping patier, the headswillcbe ahle to rdadrat ledse
head is in relation to the centerline as per the prior art, since as wll

be descri kyd andlpevhapsiiforRGTthE tedtRTBCfidlgs. stics of bursts are kept
essentially constant despite having information encoded. in them

The inventions ' I i 1. i lng track |

i nformati on, toﬂgtgggélgosﬁﬂgﬁwgea{ﬁ@%?%%%%b&%ﬁ hﬁ?‘ﬁt&ﬁ)gwa%faeﬁﬁ %(R":i gure
5, in the enbodinment of the invention shown, the track ID for track 1 is
recor ded itypisgihbeaide tggead the snfonmatien in the thueg megrest bugsts, butichisis hot reguiredt 2
Is recorded in both PES bursts 53 and 54. Wen a head is either seeking or

track fol Ifonthednvértion telteisuceessfully@mployedatwillbe seen. A head following track 1
13 the head fromthe bursts will vary. It is to be expected that 1t will be
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over | appi n a rn, the head will bpe able to read at | east
PP a%dpwgﬁ en 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." 'fhis 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 follovﬁng despife 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 thiz 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 was read.  If only burst 53 has been read, the servo



one and perhaps nore of the track ID fields. _ In the follow ng -
éxanple it- will be assunmed that a head following a track will typically be
able t6 read the information in the three nearest bursts, but this is not
required for the inventionto be succggsfully enployed as will be seen. A
2,

head fol | ow.pg. t 1 .l | 14 ﬂ%ﬂn ’ I

t hen pass S%g? o(}vp%erz}cri&[k?ggﬁsﬁﬂwg}&man tvm&luimﬁgggep sség\%glﬁqggralsi{mgl
and read track ID 1. If these.l are, concatenated, they, .are."211." A
oad T ol | GRS readh o s oM bIpinEcins dack 19 Jvih B wieg e PEORIGH NG Hgifhe fsst
burst 55 and read track ID 3, and will then pass over burst 54 and read
track | D 2was feadt gives nbDenlgrihe tracic HD étself, dnit additipnalrpositigrinfornationmstwedl. n
will be repeated for each pair of- tracks maki ng an even/odd track
distinction. Th écpﬁi ARUSREKED 8 welt er iWRiths: ack
2 sequence is "#CFH , #e%f%&g*%ér case the ‘geréga?si{/g?lgfnmggn eéﬂgirﬁn’%h%e
which track jt is follow ng. despite havi, read two different.track |.D s.
' he sy<PBSbusstmllnesy be Histated iy gt Thrciitenthodigeal arhe Rbentioas s
position information can still be gl eaned by knowi ng the timng of the
bur st (s) abdFigh2Al thesBES ¢Pasitienl Ertoe Signal) ficld of b4 rbits és theflaxgest. HEweob4 bit fielde
to read only the track ID fromburst 51 in the last tinme slot, the servo

system wi | éhd%ﬂkﬁla%s hgggﬁi bf B§'$pace kel ﬁ?qegﬁs BersRy St DALy a Sulippltion, i'ef

only burst 5 read,” the drive w know the track 1D I's 1 and that
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know the track IDis 2 and know that the burst overlaying track 1 and track
the track centerline as is illustrated in Figure 5. The prior art bursts, of which 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-aligned track to track at a nominal 20 MHz rate.

Fig. 2B shows an embodiment ofa servo sector formatted with field designaﬁons
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 dislg 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.



2 was*read. Thus, conbining the track ID 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 well as any other information inqshe PES burst will now be

on, 'The PES (Pony T nicplloeaerd ey Ry o6 FES HEN ktmsldid %5
only. & sult by daen beS By ity 2GR whishiRkeibn Veveoen o Bersudbeatho

rest- will either be absent or offset from the track centerline as is
i || ust r at eand; performsthisFunction isshownas theRES dgta deteotdri T The bits af nformation
three or four, are essentially a group of uniformy spaced magnetic :

transiti ongn b¥unebdédin the FEDiRVerdl wajs andarUnbsh MEthod Has 46 edessaryTNe
two, three or four bursts are identical except for their position. It
t

not ed t hat i ri.or art servo ctor format d l.cal |y be i
phase- al | griatopsilp 8 e ieheR” HReaoF bk ons®nls dgl Pl EibNiRE rolexgplé
shows an enbodi ment of a servo sector formatted with field designations
and bit | diprst waysotodeeerdithe bits butacgmotdntended torbe anjexhaustiveslistt Kabit car be
servo sector is larger, consisting of 212 bits in |length. However, the

| nproved anhappedtz3l cticatda” it toione fluxaedisitiondin Whivh'Gaké 212 présehtobes fikt
densities so less total disk space is used. Al so, there are several
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The custoner data ECC is not effected jn anyway in a drive using the PES
ECC of t hecompastsghenie of encoding. For example, let "+" bé a positive flux transition, "-" a

S
en

~

negative transition, and "0" no transition, then "1101" becomes
“+-0+". Abit canbe ﬁapped 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
dibits 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 "data" bit can be
encoded using three 610cking périods,— 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 advantaéeous 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



15 = At the initial, lowest |evel nagnetic transitions in the: PES
Signals are translated into binary data bits. -In Figure 7 the unit which

t akes the waveformfromthe read head and perforns this function is shown
as the PES data detector 31. The bits ofjginformati on can be encoded in the

PES 10 SevBealmAoisonntr ‘00 BaP &0 ks "0+ Lin0BPS s is LRI WhRR Bl (O

t he -schene used for the custoner data. OW ng -are exanples 0 prior
art ways to.record the bits, t are not intended to be an exhaustive |ist.
A bi o pan B feagpa subumaialliondr Henthe dgmedaRtKS lodks; 1 on. i m whi ch
case the presence of a flux transition at a particular tine is a one and

its absence a z&iven ab¢hens toviederd anidadecods binagndeada in the RES; thef actwatodi ng.  For
exanple, let "+" be a positive flux transition, "-" a negative transition,

and " O nojdfbanstidd Bnteht'&id BEEOH thEPERGS be 'dbgggiiéctl.) fnlthd déRALOLABORfibnE S

one "data" bit to a pair of flux transitions ( agal n the presence
of adibit js ao and its .absen S §.zer This.is le conpact, but
i bits are DF 5E¥0 4t 18 manped dpioan ERG podeRardfos any Sives 1tk bypsebminaan m*n

filtering. In this case, "1101" becones "+- +- 00 +-", twice as long as
the first bitstngto thpdIDdandpartitioning thevw*n bitstringlintosinrhytestofdength editsegch.
periods, the first of which has a flux transition (for clocking/run | ength

limiting) mest,HedeRzanByRs of Hibitd eaSHARIfOfimed 8£GRHesidkd o Eeéi@;?%‘fg

dependi ng on whether the "data" is a one or zero. In this case
becones: "+-0 +-0 +Q- +5,0%. This patticul ar. .schenme i.s not especially
advant ageo BISOQ:F ol &E gﬂ?mmt f bit S-[la%e e({tcfé ggﬁer ﬁ?%ﬂ?ﬂt rli’YFeg’(ﬁaFﬁ ﬂge/lt byte
It is also_possihle to use the scheme proposed by Cunni'nghamin the
previ ous| yforanygavenmintrtmenbit stringtie manped into pn e & Prhitocestdr of sveightjhe same
notati on as above a 1
Codewords in the ECC code are formed by concatenating the 2* vectors in a
predetermined order. Finally, each codeword is written as signal bursts of 1’s and 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, » = 2 redundant bytes, (# + g) = 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 be blocked into m = 6 bytes of n = 3 bits per byte.
Secondly, » =2 redundant bytes of » = 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 (r + 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



16 becones "0+00" or "0-00" and a "0" becones "00+0" or ™00-0". This is
wuseful when the bit frequency is substantially [ower than the '

denodul ator' s cl ock. G ven a schene to record and decode binary
data in the PES, the actual informatig¢p content and ECC of the PES can be

desi gned. BOCtdRedSuséd RrdisTvastiorria conbiesRionOfdRé 221 S=8aRBRAS of'S Bitgh ECC
codeword for. any given track by assighing an nfn bit string to the TID and

partitioning,the.nfn hit strj into mb NO4 ' ch...  Next,
r redu ndan?a%Byt o2 4"5?% %4@2’?%‘:0@198’0%%5 %gsé P%’fie' ?t@? gﬁgé‘&‘?rdjﬁw%@é" into
encedi ng process over the nn bit string. After determning the r
redundant ¢neersporssefithe PES: figlds.e Each cadeword thus exhibits a predgtensmined minimyprns
mapped into an (n + q) bit vector of weightj. Codewords in the ECC code

ar e f or medwhight on¢ AlreRARHEmiteE altlibute. vectors in a predetermn ned order.
Finally, each codeword s witten as signal bursts of 1's and Os into the

PES positions o e formtt r l: . exar il
paraneters m ni“ tﬂnhs 31,18{;31 ,]‘etngggﬁﬁwsﬁ&ﬁ]éﬁ@la 535400?11: ‘r:r?d: rquhgrsE,B hgﬁf éﬁ%‘t'%ﬁ%tas
per byte, r = 2 redundant bytes, (n + q) = 5 bits, j =3, then m(n + q) +
r(n + q) 048.6] consisat weight 24 cade.aRiher sadondrg egualbnpossibledependjngofithe” | f
the TIDis a string of nfrn = 18 bits, firstly, the string will be bl ocked
into m = Glehythest thé TIDFickd,lthé degree obpiatectiofialesined, etc. r The 2xamplecbdethabyt es

of n =3 bits each are derived as a residue of a Reed-Sol onon or Hamm ng
ECC encodi D t i 1ol nrp = It St | Y. = 3
bit byte f%gg@n@’%i%@%ng%srﬁilgggg?ﬂlﬂ n d:lii_ r=n G’Z‘dé)?ggﬁvsvgghgg%ﬁng?ﬁ%ﬂhn%ped_
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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 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 represénted
by a string of 18 bits. This TID string is partitiofled into six 3-bit symbols. Each éymbol
i is an element in a Galois field GF (8) as generated by a primitive polynomiial, e.g.
(1+x*+x%, To the six information symbols, two redundant symbols are added using

the parity check matrix:
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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:



1 -1 1 1 1- 1 0 .1 a a[err]
agerr] a[err] aferr] 0 1 ‘
The finite field GF(8) defined by1+x[err] +x[err] can be witten
according to Table 1 as follows:

Table 1 Val. [err]" Power of "[err]™
000 - ' : 0 L_IBQ 100
1 810 4 ,
001 [err ) 5-bit symbol 101
. : 3-b1tsymb014’ \
[err] 411 Vector Y= [grr] .
110 [err f& 011 -
[err] Next, each B-bit s()(mjbol S transf(nrllmed injo a 5-bit synbol
(bit-vector) or codeword aﬂf—we. ght—S—eaeegrei-rg—to—Fabte2 as fol | ows:
19 001 Tabl e- 211010
3-bit synmbol X S
010 11001
011 10101
100 10011
101 _ 01110
110 . 01101
111 01011

Assume that it is desired to encode the 18-bit string u in the form of six 3-bit
bytes:
Let =011 000 100 010 010 110.
If the bytes in u are written as powers of “a” according to Table 1, then
u=(a0,1,a,a d).
Encoding u using the parity check matrix H, then two redundant bytes are added to u as
follows: |
v=(a"0,1,a,a 4, 6 da, a’)=011 000 100 010 ?)10 110 001 110.
 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.



Vect or Y=f (X) - .x-s0000 ' 10110

-001 - 11010 . A 010
11001 _ 011 ' 10101
100 ' 10011 20 101

01110 Aspects of Decoding Amommgm-mé@,[gng'on_ _ 01101 _
111, ) : sune at it is desired to encode the

18-bit strin in the.fo ' | t > .
Let[err] =0l g00 ﬁﬁﬁgeq@e&?ﬁ%ﬁte&sﬁ ?#rh?cggltﬁlgivwnbeuusg%o \%}llxsgrf'x%enda% power s
of “[err]" according to Table 1, then .
u=([ err]) .decedingdicagrdingtsi thy inveatigar iAfier the-bivantradeyord haslseniraad back fiownt
bytes are added to u as follows: =~ . v= ([err])=011 000 100 010 010
110 001 Lifhe PES filils) thefish sep paitiotisahé coidwdrd dptolihé S-bfveidrs Fowhioh g

a

into a 5-bit vector of weight ccording to Table 2 to obtain the final
constrai ne d_ Rwl. = -\ = 1 Q034
01101 1101@3%%93%50 2 3%Wit symbols X accordin foPatid 2: %119, } Q%} 31198‘;02#1@1951

Aspects of Decoding According_ to the Invention |, . . .
mapping. However, it may happen that due to errors in a particular 5-bit vector, there is

no counterpart 3-bif symbol. In this case, if Y 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
corresponding error flag is set. | |

Assume that a word W of length 40 is read back frorh the PES field of the servo
sector from a particular track. In the above notation, these would be
LYY, Y Y Y,), where each ¥, is a 5-bit vector. The next step in decoding is

- looking ﬁp éach 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® = f “‘(Yi) lying in
therange (0 < i< 7). |

Since the coderords in this embodiment have a mm1mum distance of six from
each.other, this means that the code can correct up to two errors and detect up to three
€ITOTS, Iffhree 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



-The enbodi nment  exanpl e used for encoding will be used to illustrate data
decodi ng according'to the invention. After the binary codeword has been
r'ead back from the PES field(s) the first step partitions the codeword
into the 5-bit vectors Ywhich are thepqmapped into a 3-bit synbols
Xaccor din : = i ' :
ovever, | GoMBIRlE ek e of Bt i, Hhay) bo biikictable:, HURRPRERS Mo DunfEaRBitls sil
there is no cqounterpart 3-Dbjt nmbol. In this case,.if Yis not in.th
able, & ndmposmaly gharermaspenist o 1FHHEES ginary QloR 485, s heoksten 8 o e Ve B
the-synbol is flagged as being in error, i.e. a corresponding error flag
is set. syndromessS fiom theatight symbols\R® wthizing tleoparity cbeck matrix # om t he PES
field of the servo sector froma particular track. In the above notation
these would be ([err]), where each Y[err] is a 5-bit vector. The next step
in decoding is |ooking up each vector Yin the table and counting the

nunmber of error §1agR® Biphi § RRraPegt Rftd R BeRWI ue [err]) of each
vector Y[err] a i's not by [ er =f | yipnQain th an [err]).
Since the codewsnds Kﬁ?ﬁﬂzﬁgnéoﬂ?ré%)t ‘Bhﬁ%/?&? N ﬁi“ng#?(ﬁﬁsa (32 %191?(S7I£X from

each other, this neans that the code can correct up to two errors and
detect up to three errors. If three or nore flags have been counted or

set, then at | ephé rdrhdifihgSparO6Stht analysieG€standid apsirbhife ineeprRtatioh of RS
uncorrectable. However, if less than three flags have been
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or less flags, the next step.is to derive the, .
Referring now to Fig. 3, there is shown a visual example according to the

infreﬁtion of encoding a TID utilizing a constrained RS error correction 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 represented by an 18-bit sequence. The 18-bit sequence
is in turn parsed to form six 3-bit symbols. Two redundant 3-bit symbols are added using |
ah 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 mer{lﬁoned 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).



syndromes S from the eight synmbols [err] utilizing the parity check matrix
[} , Slerr] =[ - err - ] - Slerr] = [

err ' ] : The remai ning part of the analysis is
standard syndrone interpretation of RS 2@odewords in three nodes; nanely,

no flags, . Wiackidagfour pattifh nfeg_am?s 156, 158, 166162 dridh dieigdethehit Gftiﬁni_rll%i'ﬂ eis
|

shown a visual exanpleé according to the invention of encoding a

tilizin ' I o]y tion; g he ewrd
"t o pes 1 Eaf ESHER LR T E R ﬁéﬁa#ﬁ#}@%"wﬁ@%ﬁfﬁﬁ% s C2CR

' i fi ' d ition error signal purposes, and in that sense .
serves  coNGRiEalS; iAbe | RS dnia deficior Hhconybes Masagneportemsitions i 16 PES
represented by an 18-bit sequence. The 18-bit sequence is in turn parsed
to form si fieRistinto datarbiss whiérmowmmm?athamuimowmlrégme1521d\me, 4RIANg_ an
extended [ 8, 6] Reed- Sol onon code as defined by parity check matrix H The
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Referring nowto Fig. 4, there is shown an enbodi nent of a PES data

processor . registersa6ai 58,605 162 The sélector finé $ 10 GronetHeuseldeioriaotto Mhe pateerer Vo
electronics (Fig. 1, 1 1 2).

registers comprises at least two bits to allow selection of any one of the four pattern

registers. A symbol processor 164, inputs thé 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
tﬁe corrected TID on path 120 into a register 166 and the error flags 124 (or number of
errbrs) 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 ]Dﬁ(SID) 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



22 It includes four pattern registers 156, 158, 160, 162 and an arrangenent
of timng 154. and selector circuits 150 responsive to the standard Sl D
102, SELECT 106 and CLOCK 104 signals. The PES data detector 31 converts
the magnetic transitions in the PES figds into data bits which flow on

S

data path JiB&it - Shl i | \ : sly
ransfors ot Bt UL giops BEEED Mirts alasAGistableny 483
using clock ,104 and select ,Jine 110 t h el.ected one.of a. plurali .Of
pattern r'@&fBSPQF‘QOEBP%ﬁ%’é‘,Ski% ,jlati%‘?‘.% 'Ef‘ﬁg@e ¢ 25% aﬁ? ﬁbs(ﬁi‘%‘sg?@%%ﬁ'ﬁ%gume
selector 150 to the pattern registers conprises at least two bits to allow
sel ection @at&wypgssa&othetmadh apthediskrotatesyi st ers. A synbol processor

164, inputs the selected output fromone of the pattern registers over a

connect i ng pat hFglidwing!the Bapterd ﬂ{mo%dgg ofithe RSCo@ewbids 1Y tHeYegitRRE 1 thY s&9d

the RS detection and correction on codewords in the selected pattern.
Further, t 0l .11 PLOCESSOl. 164 C eci{s an rrors in the patterns up
to the cap%g?tﬁ}/ﬂgﬁ W{lhgelg(ﬁﬁxegﬁah%ﬁu{g{g “fof’?&' O&ﬁ’? GOFPSBOpAng 0 pne 98 theyt o
a register 166 _and the error flags 124 (or nunber of errors) to register

168 on patfour PEShurst groups. dAt 2rhit RES paifemiselestion signak on pathd§tis suppliedgtost er
154 using signal 116. The TID register 166 and error register 168 are then

avai | abl e dienitEs0. bin tuht; ciretitd 50 sti tateOuRd ofthe Tourlstlect lifles AR foRSRABRL dMBhY -

The track I D decode process begins with the servo ID (SID) timng signal- on

path 102 i 1| e | Ayf Ignal on.path
112 fromt eédeﬁfn%ﬁ%gg%&flcrpﬁgg teﬁggéfglr?tsr %ﬁ@%@e*}lggéﬁ%@ rgégt%éwgg/o% pat h
100 into a shift register as paced by clocking on path 104. The RS
codewor ds GATéentHare %&piwéao symbelprogessay ho4 pgyipatho L:SDMe itssyndrogues wilbbers
cl ocked by timng signals on path 110 fromtim ng

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 6is a Bio’ck diagram of a symbol processor 164 according to thé described
embodiment of the invention. The raw data froma 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-vectdrs are passed to the
mapper 62 which maps the 5-bit vectors using the vector:syIEbol 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



23 circuit 154. Since the four different groups df PES bursts are

-di_ stingui shable by their radial positions on the disk.in relation to the
SID, they are also distinguishable by the tine that they pass by the read
head as the di sk rotat es. Fol | o34 ng t he capture and storage of the
RS codewor decdder/bbifectSi96 7 whidh used thesindfom& B detcPhfid cdrrddt efRFE6 toPRE cBh

the f our RS codeword patterns corresponding to one of the four "PES burs

groups. A 2-bkt,. PES.pattern e} i gnal .on th 106 i lied to

o roart 1Ol apaBtceRhEeReaEt haRhs f e oD B 40P SHREC: T nes
108 to enahl e output of one of the pattern reg‘igsters 156, 158, 160, 162.
The pat t er AeGodgi/eemsectordT bas aeeess ta thetflags $4albiheppareaw flagsied etropeame ésor
164 over path 118 where its syndronmes will be derived and any errors

det er mi nedequabio zére) and tieuyadron s are Zei, tHen'thé BeviPeEolOhre! flicedRRalidd e
corrected and reported in error register 168. This will be Igccorrpanl e(fdby

" rogi st ot g ack YD RRIR a0, S otk Sl 3f noletf i ot s g 1B RS,

164 according.to t_hg, descri bed enbodi nent of the invention. The raw data
froma sel Previyshpdisptedhe 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 vechosesomd embbdintent af the ihventivn uses fdareror régifteHAAD) @nd fsur
mapper 62 which maps the 5-bit vectors using the vector:synbol table 63

rrors | suntol ROBRRRTIDY, g MHERAICE ibTimfte’s, i eob 6} Ryl s Feifll

error flags 64 is se r_a.counter i Jdncrenented for each 5-bit vector
not foundg f‘ﬂ%ﬁ"\}@&kc}ﬁ: @ﬁ%mf%?r@ﬁ%@m%éh%m%gm 4. Given sufficiently fast

circuitry and/or processing speed, the symbol processor could 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 ﬁsed in conjunction with selecto; circuit output 108 (not shown in Fig.
8) to process-and store the information from.each of the four PES bursts (A,B,C,b) in
the corresponding track ID register (A-D). Similaﬂy in this embodiment there are four
corresponding error registers (A-D) which are seleéted to stdre the error status for each of
the four bursts. Note that it is not necessary that all four PErS 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



synbol s are passed to the syndrone cal cul ator 65. The syndrones are passed
to the 24 decoder/corrector -
67 which uses the syndroires to detect and-correct errors up to the code
capability and place the corrected syngs in the track ID register 166.

The  decodgblhRalliohFéAy Bt o%ﬁ?ﬁéﬁ?sgfﬁ%ﬂeﬁ?%?ﬁﬂ $'that the'hitimnah © no flags

(i.e., error count IS Zero e syndrones are zero, then the
3-bit synbo s are plac unc into t e track 1D register 166. The
final err o‘P %bé’“ﬁﬂ\?é{"é qnn %‘f‘f‘é’F C §a5%0 agoceg%vi ously

i ndicat ed. A second enbodi nent of the i nventi on uses four error

regi sters (A- D) Whil¢ the inventionbis b&nrdegeribest with Aespect tasaniillustsitiveteatbddiment
Figure 8, which replace the single error register and single track ID

register ithefcdf iEWRIPHE maérsﬁ%@"tﬁat' variou§ ehdh, mg,@r nﬁly‘c’)lgé;rg%@r {dc%lh ?rgétiuﬁ Iaﬁ@knetags

circuitry and/ or processi ng speed, the sy

resol ve t ion i our S, bur st groups

and store e&%ﬁ%@?&‘?e{a ‘fvﬂﬂ%& ‘@8??’ ;f 5%”%%8@1’5 I‘ %tP inveREOB Ut put 116
of the timng control circuit 154 of Figure 4 could be used in conjunction
with sel echefordinghiithe descbed embodiment isfovhe donsidersd meielyt exemplarysmdathd
store the information fromeach of the four PES bursts (A B,C, D) in the
cor r espondnwentiondis ot £ beHintedlextept B spevified &Y th att&cHeG'cTalﬁ{ébOd' ment 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 PES bursts be successfully read for a particular
position. Preferably each of the track ID registers and the error registers




woul ¢ be nmade avail abl e for reading.by a servo processor. Gven the rethod
of recordi ng the track IDs in the PES flelds shown in Figure 5 nultiple
track ID regi sters - - 25 woul d
al | ow easy conparison of the ID s fromgach field so that the maximum —

i nfformati on about the position would be passed to theum"””'ﬂ)

Wi l.e the invention has been described with respect t d mﬂﬁﬁm{!
enbodi nent of t will be understood that variou$ changes® ngy be made
in the neth!ﬁQg%‘g %ﬁin herein descri bed w thout departing fromthe scope

and teaching of the invention. Accordingly, the described enbodinent is to
be considered nerely exenplary and the invention is not to be limted

except as specified in the attached clai ns. 1. A
data storage di Ek coApdatsstompge disk comprsimgubstrate; - a magnetic
recordi ng nmedi um deposited on the substrate; and a plurality of

position error gighghfe; ' ecorded on the magnetic recording medi um

a magnetic recording medium deposited on the substrate; and

a plurality of positioxi 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, eac_:h set of magnetic transitipns representing binary data which is a function of
a track number where the PES is located, thé binary data including redundancy bits for

detecting reading errors.

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.

Ll



t he. poéition error si-gnal s havi ng~ at . l-east first ano\ m “Lth
first group of position error signals bei ng angul ar ‘ﬂ‘“ﬁ Eullﬁlmiu
sécond group of position error signals, the first grbuf béing pdsi tioned
on a centerline of a track and the seccmd group being offset fromthe

centerline of the tragkJa@atdta %Pﬁ%ﬁhf’&aﬂﬁ?ﬁrt@rg nﬁlﬁgtcﬁlrd)ﬁ{cﬂ% %F&‘&g];]ary

magnetic transitions, each rragnetlc transitionsS representl

data which jis a.functio track ere the PES

bi nary. dat @ PREACARRY ﬁl%reﬂ?m&w e ety ortl Bt eohf SHEG e fromn i st an

2. - The data_storage disk of claiml V\/nereln the binary data in first and

second gr¥9pad groupgaf Pﬁ%lﬂeﬂégotﬁgnﬂl%a@kfmnﬁ@ﬂpeﬁRﬁﬂ@m&h&a’iﬁdpnth@roup of
PES i s centered.

3. The cimtalin¢ of algprnatingdratks othile theXhird igrdvgy of CPBS is located bh mwbeafwhﬁ@w th
groups of position error signals which are angularly offset from each

th d h
ot her'and icxgsdied botkerPl o BFAAASAGAHRR U COARA FhOBLITIISR PG pd e

first group of PES being cate rac
while the thir PES i cated on the centerline of tracks

| ocat ed befHEE ﬁ?ﬂgﬁ‘gﬁ‘?&?ﬁﬁ{l‘? SPFSacks and the fourth group of PES is
offset fromthe <centerline of the third group of PES. 4, The
data storage disk of claim1l wherein the binary data in first and second

group of PES is conposed of a plurality of bit-vectors which correspond to
synbol s havi ng 4. The data storage disk of claim 1 wherein the binary data in first and second

group of PES is composed of a plurality of bit-vectors which correspond to symbols having

fewer bits than the bit-vectors which creates a mapping allowing error detection.

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

groups of PES includes ECC check symbols.

6. The data storage disk of claim 2 wherein the binary data in first and second
groups of PES is composed of a plurality of bit-vectors which correspond to symbols

having at least two fewer bits than the bit-vectors.

7. The data storage disk of claim 6 wherein at least one symbol represents an

ECC check symbol.



fawér‘ bits than the bit-vectors which creat es'-'a-rfapfj-i.'n ml' .
det ectj on. - b, The data storage disk of cl glmlllﬂ mu:ﬂmmul
binary data in first and second groups of PES includes *ECE check syniol s.

6. The data storage disk of claim2 eBerein the binary data in first.and

second groups §f PEfhd gats StoRRliskodf claiftl 1ivhlereity thief bidiaty dats inPfirst MY seBond
correspond 'to synbols having at least two fewer bits than the bit-vectors.

T The dgig @@%ﬁggg.bgge%ﬁlwomﬁﬁﬂ&t&; whidttha P Ra SRR of

represent

28 - 8. The data storage dis f claim1l wherein the binary data in
first and SMSH(}“W%?IE?SSB@%W@ osed of a plurality of n-bit vectors
which map to a plurality of synbols having n-2 or less hits per synbol.

9. The data storage disk of claim®8 wherein the plurality of synbols -
format |east one codeword in an error correction code. - 10.

The data storagk di sSRhedats b@idpedisM it $abbreEfhe plukdlRy bf §ykbdlé fotin ftas an

least one codeword in an error correction code.

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

equal number of magnetic transistions.

11.  The data storage disk of claim 10 wherein the binary data in first and second

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

12. Thedata storage disk of claim 11 further compﬁsing third and fourth groups
of position error signals which are 'angularly offset from eacil other aﬁd 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 between the alternating tracks and the fourth grgup of PES is offset from the

centerline of the third group of PES.



equal®* nunber of nmagnetic transistions. 11. The dat a ‘st or age
di sk of claim 10 wherein the binary data in first- and second ~groupsS of PES
i ncl udes the track nunber on which the first group of [ ' f
12. The data storage disk of claim1l28urther corrprlllmu"mrlmﬂﬂﬂrmm ourth
groups of posi q?}o%&é&g{oﬁ%mk%m@ﬁgﬁ are angul arly of fcsett f ronf each

e’ n gr§

other and fromt Irst an seco ups of position error signals, the

first group of PESB%ei ng | ocated on the centerline of alternating tracks
while the third2§PeWSf PES is located on the centerline of tracks

| ocat ed between the alternating tracks and the fourth group of PES is

of f set from t hea magnetic réqording na¢diumhdepasitadoempthersubstaate; and 13. A
data storage di sk conpri sing: ' a substrate; a magnetic

recordi ng nedi ugpiaaRs 6@&&@&&&»%&?%&5&:@&% the magnetid r@%d%ﬂﬁﬂgi&%‘ﬁgfn,

position error signals recorded on the magnetic recording nedi um
position ejzror signals having at |east first egond. third and fourth
B oup. < i T RostieR Gr st Bindhe pRR frd) Stoopofiifand)Ontf elfiing Bithisaen,
identifying angular offset froma_ servo index nmarker, the first and third
groups of gEEphef pepitien paex signal(PES3 haviog edmiquely. identifyinganguwlar offsefrfremea
tracks and the second and fourth groups of PES being offset from

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 transitiéns, each set of
magnetic transitions representing binafy 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 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 idenﬁﬁes the track on

which the third PES group is centered .

14.  The data storage disk of claim 13 wherein the binary data is composed of
a plurality of n-bit veétors which Imap to a plurality of symbols having n-1 or less bits per

symbol.



cenferlines of the tracks, each PES.being a set of mag ' v ,
éqch set of nmagnetic transitions representing binary Bm“m'ﬂﬁﬂm‘lmﬂ
function of a concentric track . nunber where the PES i S« Ocated,ntse Bl nary
data including redundancy bits for deteg@ding reading errors, the binary '
data for the fingt a ; : tvh bR Ghd i i

dent 11 es the (Pack e i Sordie Uipk OF PB4 MAtifinG PO of Qb Bt ac
bi nary dat? ffr téag third and fourt .PE%Fﬁroups contai ning information

whi ch” i dent§2f} Qe Gaeword i ap srrop LORTECHARLOdR; 4 PES group is cent er ed.

14. - The data storage disk of claim 13 wherein the binary data is conposed
of a plurality of n-bit vectors which map to a plurality of synbols having
n-1 or less bits per synbol

30 15.  18he diealath Sforde dIIEBF Glhint 19 iwhekdin thebRbafy ddis géel‘n&g &likast of

synbols format |east one codeword in an error correction co

enst  oneoio o R et Roree@d bl oncove. ) o T



31.+  17... A nethod of making a-data storage di sk -having a nagnetic. |
‘recordjng medium conprising the steps of: encoding a track

identifier nin an first codeword; . encodi ng a L’Mmﬂ i n+1
in an second codewor d; witing the first and.sb8 l}ﬂmn a
plurality of position error signals at selected radial poSitioMs en e
magneti c recording medium the position3@rror signals having at | east

first, second, ird B« Vi . 0 i1 Lon.eLLor
signals (PES) h \?1 ng éﬂ%ﬁ%@@a%@é%ﬁ%t&%@ﬁ éske%‘{jr it gna%glréﬁéelrc,w{ 1 a‘éfi rst
and-third groups of PES being respectively positioned on centerlines of

al t er nat i njedivm sRmprigingke stePs®fd and fourth groups of PES being of f set
fromcenterlines of the tracks, the first codeword being witten in first
and second PES egnesding aafackdd@nifienon inari fisst todewordj th i dentifier n and the
second codeword being witten third and fourth PES groups corresponding to
the track with i L : . eat he encodi ng and
writing steps fgﬁgéé&g‘fé%h%cgféﬁmﬁéggg 1%%nfs%<feo?1§i g‘ide\%l]lr e indexing the track

identifier n so that an jdentjifier, for each, track |.s itten in either the
first and secondBmg Gedirpiand secord cogdewpr P&iﬂ‘f’dﬂ S’Oﬁ}ilﬂﬁ’@qréigfﬁi%ﬂ
32

track.
selected radial positions on the magnetic recording medium, the position error signals

having at least first, second, third and fourth groups with each group of position error
signals (PES) having a uniquely identifying offset from a marker, the first and third
groups of PES being respectively positioned on centerlines of alternating tracsk and the
second and fourth groups of PES being offset from centerlines of the tracks, the first
codeword being written in first and second PES gfoups corresponding to the track with
identifier n and the second codeword being written third and fourth PES grouﬁs
corresponding to the track with identifier n+1; and

repeating the encoding and writing steés for each pair of tracks on the disk while
indexing the track identifier n so that an identifier for each track is written in either the

- first and second PES groups or the third and fourth PES groups for each track.



18. . The nethod of claim 17, the encodi ng steps fqu_t_h&r_c_orrprl sing the

steps of : representlng the track identifier or ntl as a

pl ural’i ty of synbols; and - mappi ng the synbol Hummu :
having nore bits per vector than the nunmber of bits b|t

vect ors havi ng equal weight. The met hod f Tl & ms17* the
encodi ng steps further conprising the st cal cul ating error

correction codeygheckhyhishodBlaim 17, me'eﬂeéd{ﬁg Qftpb AR R RIS he steps

t he. codewor d.
) of:

representing the track identifier n or n+1 as a plurality of symbols; and

mapping the symbols into bit-vectors having more bits per vector than the number

of bits in a symbol, the bit vectors having equal weight.

19.  The method of claim 17, the encoding steps further comprising the steps
of:
calculating error correction code checkbytes; and

including the checkbytés in the codeword.



