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1 DATA STORAGE AND RETRIEVAL 5 FIELD OF INVENTION The
present invention relates broadly to a method of storing data on a track of
a storage disk, a method of retrieving data on a track of a storage disk,
and to a controller system for a storage disk drive. 10 BACKGROUND
Data storage devices such as magnetic hard disk drives are required by
systems to guarantee a certain BERi(bit error rate). For example, in a
typical 15 magnetic recording system a BER of 10-12 is desired. This BER
of 10-12 translates to an overall SNR (Signal to Noise Ratio) of
approximately 19yA008 She RRGERIANGD RECTRIES\A Rroviding the
desired SNR are the front end electronics detecting readback waveform
from head medium and the back end signal processing. 20 The front end
SNR is largely determined by the recording density. In order to store
EIENB'&PIRVERBIMRN Magnetic disk, hard disk manufacturers have sought
to increase recording densities. However, the higher recording density
directly translates to a lower SNR. In order to overcome the lower SNR,
hard Heskesemntfinotridss helekesdughdyaonaproatesigriad tprogedatagon a track
of ée%%%%e@@(t @%Qﬁ%%ﬁ@v H]a%eoﬁaawgag oS Rae disk, and to a
TRANSACTIONS ON MAGNETICS, VOL. 36, No. 1, JANUARY 2000,
CO QRIS S A CHHRG EKIRE: to tolerate low SNR at the recording
media front end. However, even with the improvements in the signal
BARIRESSSINFEechniques at the back end, an SNR of about 10dB at the
recording media front end is still required to meet typical system
requirements on BER. 30 Therefore, there exists a need to provide a
systBatantbragthadfoedatacstorageagnetie thianhldieka ddress anereguirere by
sySEihe podlgmamentionndiabare: 2,PUMMARY) InFrcardange WA ypical

first aspect of the present invention, there is provided a s
magnetic recording system a BER of 107'*is desired. This BER of 10" * transliates to an

overall SNR (Signal to Noise Ratio) of approximately 19-20dB. The two major
components to providing the desired SNR are the front end electronics detecting

readback waveform from head medium and the back end signal processing.

The front end SNR is largely determined by the recording density. In order o
store more bits in a given magnetic disk, hard disk manufacturers have sought to
increase recording densities. However, the higher recording density directly transiates to
a lower SNR. In order to overcome the lower SNR, hard disk manufacturers have sought
to improve signal processing techniques at the back end. For example, R. Wood, IEEE
TRANSACTIONS ON MAGNETICS, VOL. 38, No. 1, JANUARY 2000, discloses a
special coding scheme to tolerate low SNR at the recording media front end. However,
even with the improvemenis in the signal processing technigues at the back end, an
SNR of about 10dB at the recording media front end is still required fo meet typical
system requirements on BER.

Therefore, there exists a need to provide a system and method for dafa storage

and retrieval {o address one or more of the problems mentioned above.
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method of storing data on a track of a storage disk comprising the steps

of: storing 5 the data in a first zone of the track; identifying errors in the

stored data; and storing information associated with the identified errors in

a second zone of the track. The information may identify locations of the

respective errors in the first zone. 10 The information may identify a

sector number and a bit number of each error. Identifying the error may
Suﬁéﬁﬁg ise: reading the data stored in the first zone; and comparing the

ta with original data intended for storage. 15 The comparing may

comprise performing a XOR operation between the read data and the

originakgaie=FBe fArmateaarsedipiagd yitadheidentiindRLR"R B ided a

comprise an error 20 matrix based on the XOR operation for consecutive
MRS PR B8R TREF FFigh PR CiSe QEdiRnso it gy el storing
thedispase ditsireend of tieettesbk fbdioityng ther dnsinZbaest@ed Hetstepsi aftoring
inféASBRDANKL ESERRIMAR FIOT8E AR ARG EHORM2HRR RRROFALR

with the identified errors in a second zone of the track may occur in one

revolution of the storage disk. 30 The first and second zones may each

comprsartieorativrormaedpeetifs lattetinatinufl\titispegedtblong tivs tracke first
zord1e step of storing information associated with the identified errors in a

second zone of the track may comprise storing information associated

with the 3 identified errors from a first segment of the first zone in a first

segfiepirgbthatsromy identfreawsiavolntiosr ehthe storagbelisi;emat error.

storing information associated with the identified errors from a second

segment of the first zone in a secaond segment of the second zone in a

n exti?g\r)g wgnt%? ﬁe]réogtm% gocﬂ‘g:t{ise: reading the data siored in the first zone;

and comparing the read data with original data intended for storage.

The comparing may comprise performing a XOR operation between the read
data and the original data.

The information associated with the identified errors may comprise an error

matrix based on the XOR operation for consecutive bits in the read data and the
original data. '

The second zone may be disposed at an end of the track foliowing the first
zone.

The steps of identifying errors in the stored data and storing information
associated with the identified errors in 2 second zone of the track may occur in one
revolution of the storage disk.

The first and second zones may each comprise two or more segments
alternatingly disposed along the track.

The step of storing information associated with the identified errors in a

second zone of the track may comprise storing information associated with the
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5 The data in the first zone may be stored at a higher density than the
information in the second zone. In accordance with a second aspect of the
present invention, there is 10 provided a method of retrieving data stored
on a track of a storage disk comprising the steps of: reading data from a
first zone of the track; reading information associated with errors in the
read data from a second zone of thestrack; and correcting errors in the

__read data based on.the retrieved ipformation. 15 The informa

e R 10007 O e TESERLL AR RS AP il SORESTHRE IoPmamR™
zonmdy Rientiylusiseor oenslerageddisisit anchiteriog defchrention 26 Ritethtaith
thelithRAlatnie fay besiearrcsabmbig f&?&r@ﬂ%%m\%ﬁﬁ@smm@)%ﬂéﬂt of

h the second zone. Co rectiELg. the? ror may cory rise performing a XOR
eé’&é?é}?oﬁ"ft?&w&ﬂ%e"ek’é’ 'Yaft SPtRE RS d information. 25 The

second zone may be disposed at an end of the track following the first

Z0NghZhE-MESTRANAS RN AN @RIPACARNCOBPIIS YR OUWBINE than the
__.se rpents 0 alterngtlngll disposed along the track. In accordance with a
TR BT %

'ggplgct %fsﬁlceoBre%%n “invention, there is provided a controller system

for a storage disk drive, the system comprising: means for controlling the

storggexeishdiive tostorg the slatadasafirsbzane ofraskackefdhn, there is

magnetic djsk; means for identifying errors in the stored data; and means
or A R R UG BT T B A SRR BT ing
thejoiafiedlenerding alstacdrrzéndist thengackt. Bién tedordaadiegvithfermation
asdObIERASRAL! Ofthe pregRNtdAveRHRN. BT esRidHdesh contiiiarack: and

tem f t di ive, th t ising: f
oo R APRI h ABE USTRE t af AELAHE, ATPS8Re of  rack of
a

The information may identify iocations of the respective errors in the first
zone.

The information may identify a sector number and a bit number of each error.

The data in the first zone may be stored at a higher density than the
information in the second zone.

Correcting the error may comprise performing a XOR operation between the
read data and the refrieved information.

The second zone may be disposed at an end of the frack following the first

Zonea.

The first and second zones may each comprise two or more segments
alternatingly disposed aiong the track.

In accordance with a third aspect of the present invention, there is provided a
controfler system for a storage disk drive, the system comprising: means for
controlling the storage disk drive o store the data in a first zone of a track of a
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magnetic disk: means for controlling the disk drive to read information
associated with errors in the read data from a second zone of the track;
and means for 10 correcting errors in the read data based on the
retrieved information. BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will be better understood and readily
apparent 15 to one of ordinary skill #1 the art from the following written
description, by way of example only, and.in conjunction with the
o AR 15 e Y Bl P hARIGe B e means for
confrpliem iniplad ianpitore imbaiatamm assheipiessuiithitve identifeg Bigenein
a sddophiowsadedd aaduvrite head of the hard disk drive implemented in an
example embodiment of the present invention. Figure 2b is a plan view of
a read and write head of the hard disk drive 25 implemented in an
exalplecerdpoamvei affenetip espact pivestieseijureeBinarilish Ererovided
a ﬁlﬁf&‘ﬁ&lu?é@gﬁgﬁf?‘ief)EhtBrygéSH%@NRVEIUr%%ﬁ%%ﬁﬁ%ﬁf@:i%edans for
em igure 4a shows an example grain structure which provides
coR SRR, SKRO% G e I OV T SR o S R SR oc of 2
magoaifedithe mRsdisdi sty ptive éoebyishedxantp e grainfemriioreasisociated
witfri@eers3an hEIGRER ista aopt dluatratingdbednsrapseiaddERNRR NS for
(S !I deepr3||; Is tgglrjeblgd aliég#re %lllui}]ratgg a c%p.v ntlontal disk track and
LA FAK A AN emgoﬁﬁme FE M %rre Cnt VAo, 'Igfbure 7
illustrates the write process in an example embodiment of the present

BREvE DGR iaNe® igesphapatizdiagram of error identification based
on the comparison between the reproduced user data sequence and the

original user data in the buffer. Figure 9 is a schematic diagram of a read
prode®dadigreein ioddiméreotitrewpresdrtiavemaenstood and readily apparent

to one of ordinary skill in the art from the following written description, by way of
exampie only, and in conjunction with the drawings, in which:

Figure 1 is a plan view of a hard disk drive impiementing an example
embodiment of the present invention.

Figure 2a shows a read and write head of the hard disk drive implemented in an
exampie embodiment of the present invention.

Figure 2b is a plan view of a read and write head of the hard disk drive
implemented in an example embodiment of the present invention.

Figures 3a and 3b are charts illustrating the BER versus SNR curve of magnetic
recording systems.

Figure 4a shows an exampie grain structure which provides high media SNR.

Figure 4b shows an example grain structure which doubles the areal density
provided by the example grain structure of Figure 3a.
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15 Figure 10 illustrates a disk track implemented in another embodiment
of the present invention. Figure 11 shows a flow chart illustrating a
method of storing data on a track of 20 a magnetic disk implemented in
an example embodiment. Figure 12 shows a flow chart illustrating a
method of retrieving data stored on a track of a magnetic disk
implemented in an example embodifent. 25 DETAILED DESCRIPTION
mbodiments of e piesnlinyanlon seek (b ieserve 2 paron of diley 1o
track “space In 23Ch disk Trackbr & S orage device, an R0 reeda
doyplesttion(s) of bit errors of the current disk track data in the reserved zone.
in particular, in one embodiment of the 30 present invention, the storage
device is a trc hard disk wh rtron of .m tic disk trac
oo BT o I R A A B RE o & fmen
of "B@r?éﬁ??ﬂisRVﬁaWdata are recorded in the reserved zone. This reserved
portion may comprise e.g. 1-2% of the total disk track space During the
dataeprodyelop processerorlocationts) can be ecaled IamAe. precen
reserved zone to allow error(s e correcte AS errors can b
invegipBected, data may be stored in the data zone of the disk track space
with a lower SNR (Signal to Noise Ratio) and corresponding higher BER
(it eqrorrate). Thusniptadiis sahe recorde iy s rediced number olon
magnetic grarns per T ared! ensr KCan be
befmweé@eeﬁérgﬁrrr@mﬁﬁrsie@mp@?ﬁ@ﬁsebmmerwmpﬁoﬁarmwhﬁm@%
are explicitly or implicitly presented in terms of algorithms and functional
or s¥mgr%l1%repres%ntagpns of Q eratrons an drgéeelsvsvlt]rnrln a com te@rnt of the
memor ese aﬁgorr mic aagscrrpf)ons &hd RUnctional ar sym fn
Pr%ﬁé‘s‘@ﬂ%’bns are the means used by those skilled in the data 10
processing arts to convey most effectively the substance of their work to
othe;s sklll%j |p Egpet gsrtaAcﬂsalqo E(hsmp pneer‘efe nd aIIy Reely elve[d tfothe
be a SBli-consisten sequence 0O steps eadrng t0 aaesrre S S
PF%®a%f%se requiring physical manipulations of physical quantities,
such as electrical, magnetic or optical signals capable of being

Figure 11 shows a flow chart iliusirating a method of storing data on a track of
a magnetic disk implemented in an example embodiment,

Figure 12 shows a fiow chart illustrating a method of retrieving data stored on a
track of a magnetic disk implemented in an example embodiment.

DETAILED DESCRIPTION

Embodiments of the present invention seek fo reserve a portion of disk track
space in each disk track of a storage device, and fo record location(s) of bit arrors of the
current disk track data in the reserved zone. in particular, in one embodiment of the
present invention, the storage device is a magnetic hard disk wherein a portion of
magnetic disk track space in each disk track is reserved, and location(s) of bit errors of
the current disk track data are recorded in the reserved zone. This reserved portion may
comprise e.g. 1-2% of the total disk track space. During the data reproducing process,
error location(s) can be recalled from the reserved zone to allow error(s) to be corrected.
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stored, transferred, combined, compared, and otherwise manipulated. 15
Unless specifically stated otherwise, and as apparent from the following, it
will be appreciated that throughout the present specification, discussions
utilizing terms such as "receiving”, "amplifying”, "reading”, "processing",
"writing", or the like, refer to the action and processes of a computer
system, or similar electronic device,ghat manipulates and 20 transforms
data represented as dp%%i’ﬁal Quantities within the system into gther data
a

AS SRR A o5 eXERS S B RIS R AR AR S LR BistirRek space
withrddematiS NRs(Bigite terbiesaiBsiom andlispleyrdediogidhise PEREDIt error rate).

ThDRGfICBHORAITR displerasApRaraliederarifRaINg b-APeraiiRN 4t Ohnd
thethre rrgtho_(gs. gﬁg%gﬁpar tus ma% bg speﬁlalgtconstructed or the
3G B P oEE! ﬁ%a?ecmﬁ P $9RNEP Yurpose computer or other
device selectively activated or reconfigured by a computer program

storediia thR GeRPWenEhaARRIMaRARd  HIsRIRYSRresgnisi Nereihpisiy
not inherently related {o any particular computer or other. apparatus.
PreFRIIBRs el e Rlrpiee IEGHARE AT BB TIs @l PR ErRERT Jtons o

opefgtiord aprcedaithwiteneactinysiseraiemaiteribtve yghdtvoitswastiiptiofs and
funbieFRIShes)Rliztd rapRAHMEJAPSEQRD e AL SIHad RRRS MaveReita

appropriate, The structure of a. conventional general purpose computer
PO ELT oV ARGt RGBS, PR A R Al PfeQepe's Skiled i
thesprbdificaigoritais csimgsticaiyddisclrsiy aaceaipeddr rograsii;dontisteithweglence

of H183NRARPkLIREREESRRFIKIRE Heiearttibat the ity idiRicaleRspflBfons
metho? described herﬁeln ma

: be put into effect by computer code. The
o BB BROLFANT ISPt RERER SBEHIfGA 5 UGR) HERRGfgPable o being
stopgddgransfairag |anyrngs Scamgdrnpl embotativistheverobul aigil be
appreciated that a variety of programming languages and coding thereof

d to_impl the t hi f the discl ntained .
P o FE PN BT R CST oo AR ABEREhUEIE d34% 0 s i be
appiayiafra- tioal| i caghrof floswrebentsarsiitaimnotherugaitantstibtitcteumputdr as
“‘reBERAEMWBIBIngaN Wagicifferppt LQre! vy yithouedtrarting fromstbeson

ami?airit or scope of the invention. 10 Furthermore, one or more of the ste

{R%egs?ﬁp t%rCB &SH?&% or similar electronic device, that mampu—!ate%sand

transforms data representied as physical quantities within the system into other data
similarly represented as physical guantities within the systei"n or other information
storage, transmission or display devices.

The present specification also discloses apparatus for performing the operations
of the methods. Such apparatus may be specially constructed for the required purposes,
or may comprise a general purpose computer or other device seiectively activated or
reconfigured by a computer program siored in the computer. The algorithms and
displays presented herein are not inherently related to any particular computer or other
apparatus. Various general purpose machines may be used with programs in
accordance with the teachings herein. Alternatively, the construction of more specialized
apparatus to perform the required method steps may be appropriate. The structure of a
conventional general purpose computer will appear from the description below.
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performed in parallel rather than sequentially. Such a computer program
may be stored on any computer readable medium. The computer
readable medium may include storage devices such as magnetic or
optical disks, memory chips, or other storage 15 devices suitable for
interfacing with a general purpose computer. The computer readable
medium may also include a hard-wired medium such as exemplified in the

Internet system, or wireless medjum such as exemplified in the GSM
moblte TRy BIERE LT AESSHIRGTa L0oraR ke FISHRERE afig computer
prograssutedhehitwobild bererapiirpolie cemspatekileffactielpidbaftthin individual

steBPRAMRRISARbIMRIGMESHIGI S IRRY YehRPraieusd-Maeth kRN @Be. The

embodiment of the present invention, a writing process uses two
coT B AT (e TR R R B ERG o BPEe e fanouage
andidrap!pmgrdaficn tesrehftioh, wik heagnetisaetnghbad vedetyl ot atevateanming

lanBISRANGAE SeNSYYHE SRR 28 8 MBRFABAL RN QUANAMR teat Rathsure

ds,t jousl ded data, t its the 25 read data through the
cON AR IR B TSR R TS TEL A2, AT ohnig any
partispredeonh déney.iJ bere gaectanittother oy détincepapunatsitynsegredhinvhich
cartiBdbere {0 SRRSO rHRsRtIPRMHE I theHe el S ad AR tion.

the read and write head accesses the entire data zone followed by the
error recording zone, when the read head reaches the end of the data
zoné&Utetomparisdnocamdye ciniptetsidrendittibe3Giduantifiedogmm may be

pefRpREANG saframv\éthsr%ﬂ?egbmgﬁmgﬁrgercﬁegmté@@%rg}% Magpsibored
writin hea(? arrive alt ther servﬁ error re(%ordlng %gpe S or% after theE g

o BBETRUE SE9RE o iSRIE i PBRH P S HRDI AT ey tnelude
stoTdgsr sfevisetheusingnenegordtin phenticrefdrablydmsrembingsh timetiber storage
deVRSBANAHNLAS FRENBBHS AR ANGLIRESN H RFHYCI QAR ANFRLRBHRRIL thSdable

rror recording zone. Th err_or,lo ation, information is ertteé%%t,atlélower .
e, TRRGSP AR T RRIAHh & BT e oSBT LEfef v dieme
SYSBFR of Whelasyoredicording zsnexdatalifepieféralty Melowie deleBidhd s yhiem.

The BB ISP RIS RARIN AR ISR A8 ¥h BIRAES S 411551 PR ERY U ter
netic disk whergg?i the read head reads} e dat? in the data
[ o)

f ,
Sttt e A S A R )

reading of the data stream in the entire track data, the errors in the data

zongrafter diguelarnerdl detesdiopéabeiRERiBYeboluriting process uses two
revolutions of the magnetic disk to complete recording of one track of data. In the first
revolution, the magnetic writing head records data at a high linear density in a data zone.
FFor a second revolution, a read head reads the previously recorded data, transmits the
read data through the channel and detects reproduced data from the readback
waveform. The reproduced data is compared with the original data temporarily stored in
the buffer, to identify error locations within the recorded data stream. As the read and
write head accesses the entire data zone followad by the error recording zone, when the
read head reaches the end of the data zone, the comparison can be completed and the
identified error Jocations can now be written into the error recording zone. The magnetic
writing head arrives at the reserved error recording zone shortly after the reading head,
as the magnetic writing head trails the read head. Therefore, the magnetic writing head
preferably has enough time to respond to the comparisons and record error location

information in the error recording zone. The error location information is writien at a
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e.g. 104) are corrected based on the pre-recorded error location
information. Although there is a significant BER degradation as a result of
the reduction in SNR by for example 10 6dB, overall performance of the
magnetic recording system can be maintained at a desired threshold,
while allowing the linear or areal density of the magnetic recording

system to increase. Figure 1 shows a plan view of a hard disk drive 100
com |S|ggna head media % em 101 which further co

rises
o A e P RRT S A AR HBE TGP U e BER o
therpaghieterdisi/meelidelns. prefenatdidhetmmerte HEAd comprises of

separately operable read head 104a and write head 104b (illustrated in

2 d k tly bei th d and writ
noal 108 S ERR U AUILPAT- L0 M b 4o UAREP AR e o or

of %@@éﬂ@im%mmﬁiﬁe@@m@mwaﬂsmetﬂamﬁ thectiatd @Fnforesingll as
theRSiOET RRENEN |AIESEQNGENTHH ENGRFaLLadinh SHIHD 8 £ RIRIHOR A etbftire

disk 106. 2a sho s a rea and w ite head 104 o
ra RS B R R LR R ST EaHe b thd 5, B 0ol of
e.gint&ntiare. mﬁ@m@h@ﬂm&@ m@mpiedesrepmmtmmmmmaAEthough

thef8tidra Ngimeld sEre dead igied d943L0mprisesfriertes kR flatkedmole
Bdé)y a%al e{@ader shle(i 210 212. In the example embodiment, the
wri

TR BB D35 Rs The P AU ARET 165 YRV IR /bl %ﬂﬂ"gamed ata
desingchiieies ol thailenallowing e dreau @nsses séansitgert o frtagndiskrecording
sydaafore ieesyyite head 104b. Figure 2a shows the disk moving from right to

left. Figure 2b shows a plan view of the read and 30 write head 104
implemented in an example embodiment. The hard disk drive 100 further
compeses h el aran iewhit e ieidag)sls driva PAnsfewitngral feach thesiia

syéﬂ@’fdi@i‘ﬁlﬁ/%ﬁ@ul@@f EM&%@H@U@&&%E%@H%QMPPQWE@WQ%Q{&M 04

. ncodin userl ut d 21N ord| dat 116. The recordin

Rl L R GV fher 196 BRI BA by drePlRS ©
seprsalel e dhte wrdhagmhdidal @Rdlﬂﬁtem%témidétb&fmdhe ﬁ@m‘ed_l%)_k The
dasralmklﬁ@saaﬂyqsmﬁ@ﬂege&@@%@@éﬂﬁﬁ&%@wmmiﬁm@ﬁ&x’ﬁ%\mgm

I|fy| the dat d from the dis dla 106 using

108 S Rt el et e i 555 THE S RRts b Wbt rovier
traq@zﬂ ﬁaé,@@mﬁn@fggfﬁem@‘di@m@nﬁehqmcawg@mmteregmwuéb@l center 109 of
the magnetic disk 108.

Figure 2a shows a read and write head 104 of the hard disk drive 100
implemented in an exampte embodiment of the present invention. The write head 104b
comprises a write pole 202 and a return pole 204, The read head 104a comprises of a
reader 208 flanked by a pair of reader shields 210, 212. In the exampie embodiment, the
write head 104b trails the read head 104a as the disk revolves in a manner such that the
read head 104a accesses a sector of the disk before the write head 104b. Figure 2a
shows the disk moving from right to left. Figure 2b shows a plan view of the read and
write head 104 implemented in an example embodiment.

The hard disk drive 100 further comprises a controller 110, which manages data
transfers to and from the hard disk drive 100. The controller 110 comprises a channel

encoder 114 for encoding user input data 112 into recording data 116. The recording
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data 126. The reproduced data 126 is then decoded by the channel
decoder 128 to provide the output user data. In the example
embodiments, the read channel 124 performs corrections to the read data
using error information that has been stored in an error zone to generate
reproduced data 126, thus providing additional gain to the overall 10 SNR
of the hard disk drive 100. It will be &ppreciated that the channel encoder

nd_chapnel d 1 t u I BRIy ide sr al pr
AR RN ARt e R i Tl
intchel BRKErR 19040k Vinl @e*aafbﬂ%érﬁt@d e ek sk drmed W9 tﬁeeamﬁaﬂer
furthe eonpediey 4 beeramylikd DRimplesamghas mﬁmﬁea&deirgeo idecthe

ircuit. It may be implemen g ftwar g suc orambern
dl3exe8ét%dﬁ§v$thrn tﬁe%ntegra({ crrcug |ns?ruc? ﬁ?g g(“)an\tef?lrer 'toThe

Regdhrficvaveimetide spsreseapHple 2rmBodntent! We integnafate drelatuced

datmaszdoerﬁeneeﬁdadc@ ajgtmmtet %rﬁ@é@b&@%ﬂﬂ@@%ﬂr&\i RPN 28 to
other Bus inte fa ated crrc |tm |s processor a2

LR S g e T e i e

pe%"mﬁéﬁérﬁfeoor tﬁéhﬁt@@ﬁh@@éadrﬁm W@h@ﬁ?*’mﬁﬁ*ﬁﬂ mrw&a@;s \haeérﬁtored inan

errbatarﬁ@wgeteaammearwdaea craenm ey wrdaidhe a@mal@@dtﬂltﬂéeoveraﬂ

| Vi nt art Fr the ectrve th ai referabl
SI\iEgcor ed at a nﬁ”"fs hea me m@ﬁfﬁ%rﬁgﬁ%ﬁ’g&levﬁ] Ienc PI% and
Cham.e_zc!@@tﬁfe@& aﬁiﬁa\rﬁa@eﬂmwe\rd@s&mﬁemésm@mﬁméﬁe srgnais to

furtfREREIRG S YsdaierAls SHRWBBrinighve stahdmardeistodirue go final BER of
below 10-12, the overall system SNR is preferably in the region of around

19 dB. Of the total 19 dB SNR, the head media system 101 (Figure 1)
may ol Rre P BRiRed A8 IRRISER &kHIaB (Bechial Do Zotrdard Bhynay
be Whitiitheeiansel anshrignabBR nr@e@asf@agcgﬂm fromahesampieeidl as
]?W ure 1 amount toroarrlgthebeS to 6 dB ig ;row %egrggelér L{irgﬁb nd
he overaﬁ systgm%o Rave the Igﬁglhe ] e apprecrate
instiyip@risnosaiedan 1HE 4t eracuse H&dﬁ@ﬂi@%@ﬁtﬁ%@@&@@(ﬁ@h@dﬁent
Th@frﬁl.@@iadl?i( drb&esma,eoa @eﬁff)@iﬂéﬁl rehe r):or:pmeﬂ Qlic graéaetfacfﬁﬁetﬁjge e.q.
recording, hit sn er 0 netic grains for each bit
Sﬁi%ngh e me aﬁgﬁﬁg IS also EH éﬁeﬁuai%a%s an er>l<saemapl racr;ei%ﬁa’ or. @

Ra@dﬂ&trﬁr@%@@ Mﬁ%f%&@sﬁﬁf@ﬁ ReediQEK Rgimene(BgVR2 Thagastronents
of glaing=yehtddzifeun §RRSAEAsHNE hilcd@d W heNinterconnected bus and in a

manner known to the person skilled in the relevant art.

From the user perspective, the user data is preferable to be recorded at a high
head media SNR with a BER level of e.g. below 1072 Figure 3a shows the BER versus
SNR curve of a magnetic recording system. As shown in Figure 3a, in order fo have a
final BER of below 107, the overall system SNR is preferably in the region of around 19
dB. Of the total 19 dB SNR, the head media system 101 (Figure 1} may provide an SNR
of around 13 to 14 dB (see arrow 202 of Figure 3b), whilst the channel and signai
processing gains from the controlier 110 (Figure 1) amount to ancther 5 fo 6 dB SNR
(see arrow 304 of Figure 3b) for the overall system to have the BER below 107,

It will be appreciated by a person skilied in the art that the recording media e.g.
108 {figure 1) of hard disk drives uses a certain number of magnetic grains to form one
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the magnetic grain number per bit 406 reduces to e.g.11, as shown in
Figure 4b, the 5 media SNR decreases significantly. The reduced number
of magnetic grains per bit will reduce the SNR and this may deteriorate
the overall system BER to the level around 10-4, as shown by arrow 502
in Figure 5. However, with the magnetic grain number per bit reducing by
half from the bit grain configuration imoFigure 4a to that in Figure 4b, the

ity of m ti di d led, b ||
el g e G A e R A
SNBfia @bnmmoﬁawgla tthowo00 axaire digkairasiku@a ihOanwsmb gdirides bigh
melfie SkFaaeglion. MdgHb@@@B?f@@ﬁ@tQt@%hﬂirM%rﬁ%éW@ S04GNdpen
are.snown as arin s or Hiustrative r sSon SS n
the TR T TR EEL 0B L TS Ja 8 Lo BE Tl o R aE. the
metliagSNBrdrsteepeth sigrifisantingTivee cid 087 . rRetbeniefgadPrjigrerainthper bit will

redGeBREtIDGA aﬂaw@qka@%@m@@% %t@@mgyb@f%t@mn@ @2 1det around
10;:ontr st, a orat!%lw 50}0 in tgg isk track 6%0 egg ng/fQJﬁOf the %vergp o
tragk S48e st Federisd s ﬁjijé AT PEESTEI D S B SR SHEIB BUTRE T P

bit thekainglyeNe Hentthe %msmapdafuatzaﬁwemf@nwa&a &rivatecdiding 4b, the
areaoasn@ﬂeflom%@mmr\ma Hieidatas 2818024 convRRliaBAl gigko be

t 00, the data zone 612 of the disk track 610 records the user data
S Or ftah gﬁé? Bit arer?sny. In other words, more bits are stored in each inch of
the data zone 612, than in each inch of the conventional data zone 602.

For #lg§¢@@%M@§s@pﬁi@ma¥%@mﬂ@hﬂaﬁ@s2@a@t@.Q;% BRY H197€ iaiderack

t a bit den lt of 1 BPI ablts er while the dat e 6l
61 T 8 R AT VAL Ui AL A S B A b R ok
60¢endify O bzeRBI FhdnsHachapdéersitystibbvg. RNMBRSothe Aatpowchn the
ha@l@dranslatadtoR WRE r&lee}é@@\@@n@h%@%ﬁg@ﬁﬁ@iﬁ:%gofo%@a on the

en the hi it errorr te_of the data track 6 ror din ,
oo TR0 oGO 0 R o U S HCC T R (S B faprises
of 3P uhdatdrzimeditdctprosiamicdnsrtioneofspameth. trethiskwagk éﬁr@rs in 1-2%
of m@ M@Iﬂ%@@ dndhe daiaszang GLAarBe CRURHE LR ONHERIbre, the

e e DR STE Taod AT e m o TG dERETh B 674

0Ce% e ifed"fe&br
Coméﬁféwi’dih@ GinE ot SR cilihe mmﬁﬁw;@gdlak treckc6fi0etitiotniblavnd 612
of PlelaMBPAci 810 records the user data at a higher bit density. In other words, more
bits are stored in each inch of the data zone 612, than in each inch of the conventional
data zone 602. For illustrative purposes, the conventional data zone 602 may store data
at a bit density of 1 MBPI (Megabits per inch), while the data zone 612 in one example
embodiment of the data track 810 stores data at a bit density of 2 MPBI. The higher bit
density of e.g. 2MBP1 in the data track 610 translates to a lower media SNR and hence
higher bit error rate.

Given the higher bit error rate of the data track 610, the efror recording zone 614
records the data locations/addresses within the data zone 612 wherein incorrect or
erronecus data is stored. In this way, errors in the data stored in the data zone 812 can
be corrected, based on their error locations, during the read process. A more detailed
description of the read process is provided below, The linear recording density in the
error recording zone is preferably kept low, e.g. at the conventional level of 1MIBPI.
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The write process in accordance to an embodiment of the present

invention uses two revolutions to accomplish one track recording. Figure 7
illustrates the write process in the example embodiment of the present
invention. As shown in figure 7 and with 5 reference to Figure 1, in the

first revolution, encoded user data or recording data 116 (Figure 1) stored

in the buffer 118 (Figurel) is written imthe data zone 612 of the track 610
using the write head 104b (Figure 1) of the hard disk drive at a higher
recording density of e.g. 2MBPI. No data is written into the error recording
zoné & ritarpovesEsn sicowdaies direotnbadiirars aithe redbentvnitertieadises

twol@4BI(EiBYre LhvaHesdaadnile rddiaek Eié b theseront eyautiot,sss
in ‘%?e read head Oé{?{éﬁgé{? 1) reads the gre,wously written data in_the
| C

St8 PR % B3 BRI o 2l P RRP A BN S SRR by RF 70ANd with
referaecre tidRlgueephssetheicgbvtieipre enmprlifie Le20 ity ore ddcatidgrelath 116

(r:@k&amr)edté{é}% ﬂrﬁﬁ%iQuﬁ%rlg1*8'9{&25%5@9{%F\Hﬁ;g&ﬁﬁtﬁégr%%tgé%%?ﬁbfé the track
ained. The repro igu IS, wit| _

6”&“@8’%&@9@ Juike %%éﬁé%?e Mﬁmﬁ BEf?éer Hi%‘ @%&ﬁa\ff) 3ot BFBRS. refryding
deneitntbde(s)/aMBRIsNeslatd ernarittatanio the data remedit@dohthédiskiaek 02

shdwslateravsamRradha&riordecationniorualiands rg% ‘@9‘2} Inihe 4 in the
trar.rll?h(é%dmg zone 614, at a lower bit density than that in the data zone 612.

Is fecording of error 20 locations is represented by arrow 706 in Figure
7. Figure 8 shows the schematic diagram of error identification based on

the LompadseRdRVRARANMERIAGURRY daia:seirach 804aNHdNReviously
.?rlrglcpal ?atg 8(22#n the ti%ffier.hAn irx R Oé)de;ratlo.n is conducted in 204
WRG GRRAD BHRIR Ao Aliedd e GA B AN ERGH GRAI AFIOHALRY PREW 704.
Theasatiagate npsrasetivevste tbe enoemptic 826 \ilpshon afid ratdbihannel 124
(Fidprationhes AR deified R BO& B Aane R Lpliheredhedit 26

.Is correct. After the comparison of all the data in the present disk track is
(P R R BRd SEAN TR B ch B B By
for Erierto dadncatieashy aldorsgest ofrprisatatef iththindetanatien’ 0 thigrsedisr track
is dUERRRTANh NG ERMREEA ThR SREREN I IG5 1Ple KHBP BXABRE zone
61 zfonfl%u[a‘klo_n O‘L% hard cl%sk d%\q!e,_ V\_/Iliibeere%)%there are1b_el_cr)vv 4000 sectors

BeftracR it & SR IO L MR ARiINIF ACRIR 578215 Bits REn"BEClriRg £ error
locstions iheepeesontadiberwvhédé th&igwerioccurs, and a further 12 bits can
be used to further record the bit number of the error within the sector. In

ano@zg{xreex%ms%@ws the schematic diagram of error identification based on the
comparison between the reproduced data sequence 804 and the original data 802 in the
buffer. An “XOR" operation is conducted in sequence to both reproduced user data and
original user data. The resultant ocutput sequence or error matrix 806 will show a “1” at

bit locations where an error is identified e.g. 808, 810 and a “0” where the bit is correct.

After the comparison of all the data in the present disk track is complete, the bit
locations of ali the errors on this track can be identified. The location of each error
comprises of the information of the sector number and the bit number of the error within
the sector. In an example configuration of a hard disk drive, wherein there are below
4000 sectors per frack, with each sector comprising 4096 bits, 12 bits can be used to
store the sector number where the error occurs, and a further 12 biis can be used to

further record the bit number of the error within the sector. In another example
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12 embodiment where the number of sectors is about 8000, an additional
bit or a total of 13 bits can be used to record the sector number where the
error occurs. In the example where 24 bits are used to record one error,
the bits can be stored 5 at the lower bit/linear density of e.g. 1 MBPI. In
such an example embodiment where 48 bits (adjusted for the space not
available for data writing at 2MBPI in2he data zone) are "sacrificed" to

ecord the error information. Assuming the gverall system BER is at 10-4
eSSl HElr ATE MU Zhots LR PR BOCh AANESALCEALR: SBacqaL# 13
bits-Cands usfethte tetaldiibk sexti spaiecahare theatrasabaistror recording

zone to record the errors of the 10 data zone. If it is assumed that the

e T A S A U R e
at theVdaioritiinker eleosibcelerentdBidnreumiae sreameosnivifcovdrageroid
bitﬂb&ﬂ&éﬁ %@tf@@&%é@ﬁo@%@%?&léﬁﬁawwﬁfgﬁ%?awﬁisﬁl?gfﬁ&'ﬂa%@%&%é}%re
. e errpr recording zone.in one example em iment. igur shows_,
S e e e S v v e Uy o
an efrtegrersdat BvamtiOA0T hitsdr e olsdaisoriafdrensuion 48 g Y02 ~90B%ref the

totA etk HBQC@ dtpeerueRcandaf FQ@o?éiﬁ@ﬂSHQEB %%éF@tﬁ%_FH@Q:‘éC&dme
data 908 from the dat ne, In the data sequence 906, alternatlvelég _
GaiG AR ol theles TaH U ot F5ORABI IO BT, RSSHIEI (R Aoapssian

distsipptione 2 geg=wvhtienacio! iidichites totat distkdaesk ApatX OR"coper dtiee ignes of

thefﬁ%@ﬁﬂ&@geb%%d de? %c&gos &@E{]@&thmt Borhik @Jagk%a@ggaosﬁ%gaﬁﬁ; %Q@ﬁgg of
the reproduc ata suck [rors.e.g. 912 can be correcte

ol GBS AT BB IV the b Lo SERERG S ST ARy e error

recsrdiegizgaig 0de 2Rampiscerdididimerbmple embodiments described above,
with reference to e.g. Figure 7, the second revolution of the write process

involves the steps of: ogtaining ﬁ}he re rofdu.ced ata from the reaff?é, .

chalbIB 8PN G R PP AFTA it e IR St hetr 1Y GO e
embatirantfer; thdaprefgnt itverdinor Toeativnslicatiereprothated dgtafthde are
colVEHBg IRIEQ aataréeaﬂaﬁbb@@@%paﬂé%rﬁwnm% i SRS BEERN FREEH Gom
tneZ 9L 1w g aoprediated that the sfeps el gpianing the reproduced, o
error location is represented by a “1” e.g. 916, 918 while a “0” indicates correct data. An
“XOR” operation is conducted between each corresponding bit of the data sequence 906
and the reproduced data 908 such that errors e.g. 810, 812 can be corrected with the
subsequent output of the operation generating the originally stored data 914,

in the earlier example embodiments described above, with reference to e.g.
Figure 7, the second revolution of the write process involves the steps of;

obtaining the reproduced data from the read channel;

comparing the reproduced data with the data stored in the write data buffer;

identifying the error locations in the reproduced data; and

writing error information based on the error locations in the error recording zone.

It will be appreciated that the steps of obtaining the reproduced data from the
read channel; comparing the reproduced data with the data stored in the write data
buffer; and identifying the error locations in the read data, are preferably compieted
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read channel; comparing the reproduced data with the data stored in the
write data buffer; and identifying the error locations in the read data, are
preferably completed 13 before the subsequent writing step can proceed.
In general, as magnetic writing heads of hard disk drives tend to trail the
reading heads when accessing the track, there is a brief period available
between the time where the readingizead completes reading, and the

oot ST G BeE Tty A A BROBBEIIS hecos

of leuehpiakintasdeadritfinbieersadiohbeedmphendicsastinhdbehizankitingre is a
bneqsts@.@arammg@mnﬁhs inveniRge hﬁé/@efé‘&ﬁg sl éB%tQ@gergaa)ﬁgeand
h tan here the, gen %I |__%ﬁlczlent %1 o%@rﬂ’ % H)(_{pra\nn dand
e ﬁt"ify%“ epé%%' 1SRG %vg i Sly read area.
Thf?ém@cm?di@d oneefeorhlyrayffisightcloatiredbiaiyibe nmoeons@nﬂngegt\fanmps

to SHGRAITERGESSHIOHRY aharkNg Si8raative sanBrdigent of the track
structure may therefore be implemented. Figure 10 shows a disk track

1010 implemented in an alternative embodiment of the present invention.
A cameentignarsiiskveaekogoBedsisstneshomay for tstapeeisvherewii Iperiod is

ms@‘ﬁélé@a@'%amgaéﬁmn%@k HaekarH0QrNehdRMN)iRge lepshRWRAs dIRBRIAN For
rlllust tlve oses,only. As shown in the hard djsk drive 100
X R TR B A o0 (T AR HTRELT Y o FRBeoRing
lemefbhsmml Rfen@miiiﬁg invelgene A0 stleenstivey emiontiingiskolr diok t@B0structure
maf QRRPEISAS 1 W!&%@rﬂé&a 7Q0R 19QRoHE: RIERSHBNO G@@%H%nted in an
;téor‘?é%!\?”s ohsRace It rt]gedISk ”agik 1040 OCC“%&% gigl El/" ok, 1GR9 s also
Al guaTan §ag space 95 FERITET R YRR 8Prop|’r H%n 896
shovon &b, Riverefisrs; thenldisb@tmmwﬁgtfdm Zistetaekg. 0APSEOAIA010 are
shmgslm’i@sﬁﬁﬁé"?& GRiaraene pdedRs P! RETORSRAAFIRG #98&Isk drive
1001 a !%n,ld? cond gqﬁ)r rrecordlng zane Or14b th Eheoexamreledga 107
R BSIREnt 885 s &8&?@"1%‘ IsteiR @(?Sa%tt e
Repgspedivie o belivr donyedines) tistiliraek A90fccimetstmeianyinglenbter ashe

10@UaR «aai@f@g@dwﬁﬁesm@ogg%mdmpéeet%ﬁ aYIRK Wé@l{em@t%@cupymg

o SRR MLEPHGAT e e e it 1L udred A £ 4142

10‘s%paTr%ﬁéeézr@aﬂﬂs.mket@@ia%@e!saﬁdmgazon@s.ze of thirdiskirarod 00022, a
sec@aahdagowéselrodg@ at arbighesbieaasity Saae theidataarone é&faacpferror
recor 'éag%?;help (9‘P 4b ’Wh']% ﬁ?%oerggﬁnmg Eae %Itglr%rgn L ersecdrtge]:c? %Cplgljﬂrh O({ show two
separate data and respective error recording zones, it will be appreciated that any
number of such data and respective arvor recording zones may be implemented. Whers
data was previously stored as a single data stream in the embodiment illustrated in
Figure B, the same data is stored as e.g. two separate streams. The data zones 1012a,
1012b of the disk track 1010 each record user data at a higher bit density than the data
zone 1002 of disk track 1000. In other words, more bits are stored in each inch of the
data zones 1012a, 1012b, than each inch of the conventional data zone 1002. For
iltustrative purposes, the conventional data zone 602 stores data at a bit density of 1
MBP! (Megabits per inch), while the data zones 1012a, 1012b in the example
embodiment of the data track 1010 each store data at a bit density of 2 MPBL The
higher bit density of e.g. 2ZMBPI in the data track 1010 fransiates to a lower media SNR
and hence higher bit error rate.
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data zones 1012a, 1012b, than each inch of the conventional data zone
1002. For 30 illustrative purposes, the conventional data zone 602 stores
data at a bit density of 1 MBPI (Megabits per inch), while the data zones
1012a, 1012b in the example embodiment of the data track 1010 each
store data at a bit density of 2 MPBI. The higher bit density of e.g. 2MBPI

in the data track 1010 translates to g4ower media SNR and hence higher
bit error rate. 14 Each error recording zone 1014a, 1014b caters to the
data zones 1012b, 1012a respectively by interleave. In this way, errors in
the Bath steretkaedieadznnez it a 01 boeaiane icoire cleld bynere Bitadk, 1012a

resb@‘&w@gtmmg@einmﬁsemp!@ﬁ@@imw@emé@md i \RIlgRErs8d N 0122

f}fe data s%ored in the data zone lP QP corrected b the error 4b
can) K8 Rt R £ T TP LR e S 16 Bli0 TR B0 88 G4
whitihvsfae EhiiendidestemsninDberipia weite @Ft%eggpdmm@“m\ewmdharerror

infdieafieialcanes Hlwa «add AXbdnd harralten o th@iw&meguﬁsféc{% for
Cha(_]or cgépéo?nso with ori Lnal the data, zone_1012a.is rea

BLEGHENTY (etdied "AIRLOSERSe Tt Bl TR dis &%?{‘31608?8&%123
andzéﬁ&momﬁ‘eaﬁ@a i@n@étml@ar@dupbé feted(faheomreyisesuitinaiigeal the data

zorRAVINGS %r&@téﬁeﬁﬁgé&ﬁﬁﬂﬂ&%@ 1@(]!:%@ samberkenmpletedahilgection

o B AR o TSRS R R L R e

a are WI‘I l? éﬁ’or Z
data@@%@ﬁemﬂzﬁ. @Wﬁurﬁ?nﬁaﬁerebwqmmgvmiqcawgr@ Tetdrdecead. The

deté@ﬂgﬂ@d/\éma;bﬁéﬁéﬁww%% delyidn iQigfréaghaffénthﬁefﬁ;@fﬂmél 1014b after the
m ment u revolutions.to finjsh writing of a single Ira
ﬁms‘llof)oeg] aep[r)eraeén tﬁ %athzé) r|3rr$[§5rlloé\(/%emséﬁﬁ sl ft\?‘,edeeno tyocci? esré%or r% are
recgfderata itPthe mﬁgaé@df de@sliotageaiey degbisdegech the exdoidiecestiotiment
uséiPReing, of ey epshibeadiiiferpitahdd #aeh bit is preferably chosen such
that interference from adjacent bits 20 is reduced or minimised. The
smaller shield to shield spacing of read head is preferred for higher
readbwdk he aiptaiaigthithahine nabloversariadh &l densitk ipteeroeepsding of

datSlgRS ribRRR e eensity Bg%éﬁéﬁw@?cﬁﬂﬁmm6%§é%%@m¢the read

heSTEMEDts ol e present INErlion car g8 pIOYdE. b eorooecion

SO as reduce eove urthe
is IBERed @xaimﬁédemm%e%@m*é@@ﬁﬂﬁmgtmfn’m@@d is preferred

for higher readback resolution. This can enable the read head to pick up stronger signals
from high density bits.

It will be appreciated that the example embodiments of the present invention can
provide bit error correction so as to reduce the overall system BER. Further, with the
reduced overall BER, the example embodiments of the present invention can be
implemented to increase the density of recording of data in magnetic drives, while
keeping the BER of the magnetic drive at a desired level.

It will also be appreciated that while the exampie embodiments describe a
doubling of the bit density in the data zones, the densify in the data zones may be

increased by any factor, with the corresponding error recording zones sized accordingly.
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implemented to increase the density of recording of data in magnetic
drives, while keeping the BER of the magnetic drive at a desired level. 30
It will also be appreciated that while the example embodiments describe a
doubling of the bit density in the data zones, the density in the data zones
may be increased by any factor, with the corresponding error recording
zones sized accordingly. 15 Figure 14 shows a flow chart illustrating a
method 11 0?% storln dat track of a stor e disk |%?plemented in

an exanpIt' HBERIR ?r‘f" ﬁ\ VP85 N r?ebo% S Ynd on @
tfa@h@f@@tom@térsklMemtsdmm storetbigatmarslinentifdcdien $tER, data

is dibR% infrmationassaciated yith fhesidgntified eners issikestded @ata are
ond one OLWrg a¥ck Figure 12 shows a flow cgart 200 illustratin
)

et PRy AR SR SR BF A6 TR A e erted
a Sﬁfﬂﬂh@@?ﬁ@@@ﬁtﬁﬂhﬁment At step 1202, data is read from a first zone of
the track. At step 1204, information associated with 10 errors in the read

data.is rea fr m a secon etr ck At s 206 errors in the

rond A8 1 EOV R R S LT UES A ROl GRY i e stored
on aptpaetsrat@jswwpeieﬁnrslaiﬁe@ememeraanthaammiﬁamip@s}mmtoﬁe st /@02,
daiResifications mrgb@om@etrréthed@re@eatewwe@uorhe?rﬁaﬁwnaesﬁr@ated with

eC|f rcga&({)dlments ithout de artln fro thes€ it rscopée r’e%f the

o dHUBR 25D ARP GEERHTER A RE BB BB s SR B oS
in ﬁ@beafbﬁeirderectmramﬁe!stmg o e m&mﬂml@mmmﬁmtnestrlctlve It will

be appreciated that embodiments of the present invention can be

extende 20 to oth ording mediu uch as al recordin L
I BB B, BB peloo b RIS W B AP R DE U Royegtions
an@ptré@dé@@ﬁéﬂ‘ﬁgﬂ@ﬂé@eﬁ@@m ontieerikesenispoendize, aniiosimentsoktesific
en@mem@w@m&m gyl nrewclﬁé%raﬁrera%eea@@%@mﬂ@ém % Woadly
g rggl 1 A method of stori gdata on a track astorgg éj
escl Sm%sen embodimenis are, theretore, to be consiaéred in all respects to

be rilustratrve and not restrictive.

It will be appreciated that embodiments of the present invention can be extended
to other recording mediums such as optical recording mediums e.g. CD, DVD, Blue-Ray
etc. While the readback resolution of optical recording is dependant on the laser spot
size, embodiments of the present invention may still provide for increased media
densities.
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steps of: 5 storing the data in a first zone of the track identifying errors in
the stored data; and storing information associated with the identified
errors in a second zone of the track. 10 2. The method as claimed in
claim 1, wherein the information identifies locations of the respective
errors in the first zone. 3. The method as claimed in claim 2, wherein the
information identifies a sector numbgs and a bit number of each error. 15
cL ﬁ e method as claimed in any one of the preceding claims, wherein
identifying the error comprises: reading the data stored in the first zone;
and comparing the read data with original data intended for storage. 20 5.

Theqmethod ga@laimedisFlginath %%V%W6f@mﬁﬁé§wmﬁ6ﬁsing the
¢ gerfﬁrming a XOR operation between the read data and the original data.
SB° Phie method as claimed in claim 5, wherein the information associated
25 witritieethgetatfidd efitiszopmpfitestasierror matrix based on the XOR

opelgdiomeL erreritivesmiteddhe read data and the original data. 7.
The rtne.thod as cI%imed in an one.%f gﬂe %(ecefdi%%claims, wherein  the ¢
secSnd 2one ?é%?sﬁ&s%%sa?‘ egn\'&' t i HEERTR OVK/ri?IrS {RRPSFIBRESS ©

thegragke method as claimed in claim 7 wherein the steps of identifying
errors in the stored data and storing information associated with the

identified errors in a second zone,of the track occur in one revo](]ution of ..

tho Gtoragd PRS00 2% AATRAD SE T Tl Mo o1 TRTRIE fptifes

locgtigitserbinaeshieatyacyetdindizefiest saet comprises two or more
segments alternatingly disposed along the track.

3. The method as claimed in claim 2, wherein the information identifies a

secior number and a bit number of each error.

4, The method as claimed in any one of the preceding claims, whergin
identifying the error comprises:

reading the data stored in the first zone; and

comparing the read data with original data intended for storage.

5. The method as claimed in claim 4, wherein the comparing"comprises
performing a XOR operation between the read data and the original data.

8. The method as ciaimed in claim 5, wherein the information associated
with the identified errors comprises an error matrix based on the XOR operation for

consecutive bits in the read data and the original data.

7. The method as claimed in any one of the preceding claims, wherein
the second zone is disposed at an end of the track following the first zone.

8. The method as claimed in claim 7 wherein the steps of identifying
errors in the stored data and storing information associated with the identified errors

in a second zone of the track occur in one revoiution of the storage disk.
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5 10. The method as claimed in claim 9, wherein the step of storing
information associated with the identified errors in a second zone of the
track comprises storing information associated with the identified errors
from a first segment of the first zone in a first segment of the second zone
in one revolution of the 10 storage disk; and storing information
associated with the identified errors from a second segment of the first

zong in a second %C%{nent;of th§ second zonefl ét eyolution of .
storage disk. 8% RS 43 Bimea A &/ oh 6?t %@éﬁl}%ﬁ Irst
an¢|agne)dvaensin ahehderaniiisiee fivg Zorodsesieretenta hitgrortirgigityishased
alotieridf@rpation in the second zone. 12. A method of retrieving data stored
on a track of a storage disk 20 comprising the steps of: reading data from

a first zone of the track; reading information associated with errors in the
read @ata ffom meteshdszoirinagdhintraleinasd edreeeiindherrsigpinahetoring

infd@ashdatabasesion e retderrthintmatiog. irS13:dhimetodAshe track

Corc‘r;llarllrsned in claim 10, wherein the information identifies locations of the
spgétlve errors in the first zone. 14. The method as claimed in claim 11,

wheﬁs@iﬁﬁgeniw@ﬂm@moasmmvmo Hheddentiiemberenfferbi rﬁmhbegr@fent

of ﬁ@hﬂ%ﬁr%n@mTBefﬁ%@M@@@ffﬁ@é’ L8RS flalins 1viaukdn of the
the ddata in the first zone is stored at a higher density than the
sl gtof

ofi i the second zone. 18 16. The method as claimed in any
one Bpangnisfeanetios, assaaatedowibtitptheanibedomnmiseom a second

seRERIBINGha ¥LRRQPeration betweensthpread datranddbssretbieved a next

revolution of the storage disk.

11. The method as claimed in any one of the preceding claims, wherein
the data in the first zone is stored at a higher density than the information in the
second zone.

12. A method of retrieving data stored on a track of a storage disk
comprising the steps of;

reading data from a first zone of the track;

reading information associated with errors in the read data from a second
zone of the track; and

correcting errors in the read data based on the retrieved information.

13.  The methed as claimed in claim 10, wherein the information identifies
locations of the respective errors in the first zone.

14, The method as claimed in claim 11, wherein the information identifies
a sector number and a bit number of each error.

15. The method as claimed in any one of claims 12 to 14, wherein the
data in the first zone is stored at a higher density than the information in the second

ZOne,
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5 information. 17. The method as claimed in any one of claims 12 to 16,
wherein the second zone is disposed at an end of the track following the
first zone. 10 18. The method as claimed in any one of claims 12 to 17,
wherein the first and second zones each comprises two or more

segments alternatingly disposed along the track, 19. A controller system

for a storage disk drive, the system agmprising: 15 means for controlling

the storage disk drive to store the data in a first zone of a track of a
magnetic disk; means for identifying errors in the stored data; and means
for déntrollirg thesthor criveclairsgstelifammation ebstwiated vith the, wherein

cortdentifedeesrRssdrapsaeand zone of the track. 20 20. A controller system
for a storage disk drive, the system comprising: means for controlling the
storgag%ﬂpgwgrieegé\éga%f)araﬁ Of?oqr%eg'v ﬁ% e 53¢ R4 8Pd niyrstiieved
infeffsktipteans for controlling the disk drive to read information associated

with errors 25 in the read data from a second zone of the track; and

[ inther n the_ retriev
m%?ﬁa{?c: rfﬁér%%:é'{%%c?régrﬁléirﬁeﬁ gad data baged on Ihe etV erein the

second zone is disposed at an end of the track following the first zone.

18. The method as claimed in any one of claims 12 to 17, wherein the first
and second zones each comprises two or more segments alternatingly disposed
along the track,

19.  Acontroller system for a storage disk drive, the system comprising:

means for controlliing the storage disk drive to store the data in a first zone of
a track of a magnetic disk: '

means for identifying errors in the stored data; and

means for controlling the disk drive fo store information associated with the
identified errors in a second zone of the track.

20. . A controller system for a storage disk drive, the system comprising:

means for controlling the storage disk drive to read data from a first zone of a
track of a magnetic disk:

means for controlling the disk drive fo read information associated with errors
in the read data from a second zone of the track; and

means for correcting errors in the read data based on the refrieved
information,



