.to |nf
§speci f
devi ce
usi ng

record
machi n
have b
recordi
it fro

il MWNGEU%K’#)AND DI Sk DRI VEMSSYEHERN Thi s i hventi on %‘«%515«3%6 4 2/2

orrratloq,-;recordl ng di sks and disk drive systens, and nor e

ically=to i nf or magi gn, r ecordi ny ks, used |nu‘ for | OR: recording
s such as data-re m_l\jn _F?E é‘?‘\/‘% ’syst

such information recor ?Cﬁdlsks As |$1}$orrraz |Jan recordina nedia fe‘:g'rSK
Fﬁgmr%%m_us—tm_(?f@ters or other
UK Patant-Application QB2 288 169 m A

ing disks (referred to as disks) and wites i (fSpudigdsiPublidstion@s.08 10980
mits dicl h\l

{21) Application No 94254663 . &1 INTGL®

omnmzom
ling 15.12.1984
(& Desoffing & {(82) UKCL{EdklonN)

{30) PriortyDats - e (6 QSR AB26 RB784
(31) OmEIS0 (82} 1V 186) Documents Ctad

71) Applicentia) = Az
q
internaiions! Business Mechines Corpoiution {88) Fiold of Search
UK CL (ditlan N ) OSR HB2S RHE RHX
{incorporeted in UGA « New York) _ INT CL? G118 5/0128/88 7/007 20/12 20/18 27/10
ONUNE DATABASES: WPLINSPEC :
_ Armonk. New York 10504, United States of Americs _
2} Inventoris) ' " [74) Agentandlor Address for Bervice
Takashi Naksmors ' J P Richards
Toutomu Nomats mu:bmmmnommﬁn
Kanjl Ogaspwara Hursley Winchestes, Hants, 8021
Yuji Kigami ' Unlted Kingdom _
Kot Kureohl
Tekso Mezeul
Yijl Yokoe

(B4) A disk sector format which sBminates the nesd for ssstor identifiers

ABST '
(67) Adiskdrive Emus comprising a disk recording medlum In which each track is divided Into & servo
arsa which stores information for Identifying the treck position and s plurality of data sectors wherein at lesst
one of said date wectors crosses sald servo area and a look-up table is provided for Identifying the position of
each sector based upon the relationship between & physicat sactor identifier, seid position information and the
capacity of the sector crosaing asld servo sres.

When a signal 8P st the end of s sarvo area is detscied In a deed stats 80 during start up, a first dats
state 84 for the start of @ sector transits to a sacond data state 88 for the later reglon of the sector belng divided
In accordance with the capacity stored In 8 current sestor's pointer register 80. At the beginning of the sector,
the contents of a next sector’s pointer register 62 Is stored in register 60 and the contents of a nexd soctor's
operation register 68 Is stored In s current sector's operation regietsr 84. Upon completfon of sector-
processing, the first dats state 84 |6 maintsined when the next sector le contigucus. When a terminate
Instruction Ig stored in register 84, the process moves to dead stete 80, When the ssivo erea arrives, the
process maves to Idls state 82. Responsive o this state, the magnetic head Is sctiveted to enable read snd
write oparation 5 for settora having no sector ID on the disk.
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Ty-picaTIythe disk in the HDDdevice IE ! thaplurallty of

tracks, each of which being divi ded s (ref 2:2
sectors) \/\/hlﬁ?_?g . 256, or 512 byt es. A di vi ded sect gﬂgﬁy
given an id I er Itself, i.e., so- caIIed sector ID, in which a serial
nunber of the sector, sector type, and sector identifying information such
as DEFECT information i SNICRATIOH RECSELING-DINK AN DIFK SRIVE STSTIN
manuf acturing. In a conventional HDD device, read and wite operation is
performed while the sector IDis referenced to detern ne whether the sector

is a target Shimdaventica relates to LNIoTRe1on; ecrEaing difke and Gisk ATAVR;| g
by the face py#kuis, and moze specifically to information recording disks used in

5 . information recording dsvices such as data—recording hard disk drive unit
and disk drive systsos using such information recording disks.

As inforuwation recording media for recording a greater amount of
infermation used in computers or cther machines, haxd disk drive units

10 {hereinatter reaferred to as HOD devices) have been  implemented. The HDD
device is provided with a pumber of magnetic recording disks (referred to
as disks) and writes information in or zaads it from its disk by
positicning a read/write hesd coto & desired track defined on the disk.

1s Typically the disk in the MDD device is provided with a plurality of
tracks, each of which being divided by data sectors (referred to as
sectors) which are 128, 256, or 512 bytes. A divided sector is usually
glven an identifier of itself, l.o., ma.llcd sector ID, in vhich s
serial nucber of the sastor, sector type, and sestor identifying

20 informstion suck as DEFECT information indicating a bad sector originated
from manufasturing. In a conveaticnal device, resd and write
operation is performed while the sector ID is referenced to determine
.whether the ssctor is a target or not. ’

as The physical location of ths ssctor can De detsrmined by the face nunber
of the disk (HEAD numbez), cylinder number (CYL nusber), and sector _
nunber (SCT number). Ths HSAD nurder and CYL numbar can be determinad as
seak opesration is ended. The BCT numbay can be determine by reading
information previously recorded on ths disk, such as ths servo sres, or

30 by ccunting from the beginning sector, since the SCT number changes with
the rotation of the disk.

It is necessary for resding or writing information to parform operations
for every ssctor, such as converting a logical sector inmto a physical

35 sector and identifying a location on the disk whers a corresponding
sestor belongs. This reguires many types of information toc be stored in
the sector ID. Therefors the ID region has Deen mads lazger so as to
prevent srronecus sector ldentifying information from being recorded as
prersquisite sestor identifying information is tco large to be recozdsd.

40 Then, an area for controlling the HDD device for sach sector, i.s., an ID
area ©f sector ldeatifying information has dDeen arffixed, thus
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ofi t #RE; BA2R ( MR EATEEFY 2 &)1 i nder number A(Scﬁ})w?\unber) and sector n7us i

('sCT nunber) The HEAD nunber and CYL nunber can ba‘hﬁsheerHBsBedﬂTﬁireek

operatjon is ended. The SCT number can be determ ne ormati on
previously r @“Zgéhe di sk, such as thg servo nting
fromthe beginning s or, since the SCT nunber chan e rotation
of the disk. It is necessary for reading or witing |nformat|onto perf%&n

oper ati ons fm-ummmrpﬁmwm intowngtion
physi cal sectgh of hgg?ﬁ.ﬁ!* CEd itha HDD .medlqkumm ID area.
ongs hi

correspondlng sect or I's requi-res many types of information to be
stored in the sector ID: Therefore the ID region has been nade |arger so as
to To euumu:unth&n'ﬁnnnth there has besn suggested an information

B mmmmmuzmmwmnmam
reguired for recording information (ses JAS~174498) .

Even with an informaticn recording disk wheze the conventionmal ID area is

not provided for esch u&to:. however, & positicn identifying area sush
10 an & sexve area is still nesded to identify positions oa the disk of the

HDD device. Then a singls sector can be divided by the sexvo area. The

HDD device using an informstion recording disk whose ID area is not

provided for svery seator could recognise s single sestor as multiple or

assums that a corresponding sector is endsd even when it is actually not
i85 but continuous.

Nith aforementionsd facts considered, the positicn invention is intended
to provide an information reccrding disk capable of storing more
information and readily reading information. It is ancther purposs of the
a0 present inventien to provide & disk drive system which is capable ot
' readily and repidly reading and writing a gzesatsr umount of infozmation.

. In erder to accamplish thess and other ebjects of the iavention, the

information recozrding disk sccording to claim 1 includes at least one

11 gezve avea wherein position information is stored for identifying the
tzack position; at least ons track wherein an ares vithout said servo
area is divided by a plurality of sectors of identical capacity ineluding
st least ons sector crossing sald sezve ares) and & table zspresenting,
for uniguely determining the positicn of eash of a plurality af sectors,

30 the relaticnship among & physical sector identifisr for idsatifying each
sector on said dividted tzack based ocn said servo area, said position
information, and the capacity of the sector crossing said servo sres up
to ths orxossing position.

as The irnformation recording disk acoording to oclaim 2 of the inventien
includes at least one servo ares vherein position information is stored
for identifying the track position) at least ene track whersin an azes
excluding said sexvo area is divided by a plurality of sectors having the
same capacity snd including at least one sector whioch crosses ssid sarvo

40 ares; a tabls repressnting, for uniguely determining the position of esach
of a )iunuf.y of sectors, the relationship among a physical sesctor
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prerequisite sector identifying information is too I LQ HRERdER Q@d

Then, an area for controlling the HDD device for each n 1D
area of sector identifying information hasgbeen affi xeamuﬁu lluml E
necessitati FTQ’T%&TM’GH of the-area where anOI‘ITB.tIOI‘l and
- which is originally provided in the HDD device by using the ID area. To

over cone thi sagiulh@iMeok et {ying Saoh 840666 oncesia aividsartiriack basedahi ng
di sk said servo ares, said position informatica, the capscity of the wector
crossing said sexvo area up to the crossing position) and list storage
means for ssquentially storing as a pssudo logioal seotor identifier a
8 mua-ummntumwmmuhgtmuamwm
' sequentially specifying & logical sector idestifisr for identifying sach
mmmu-hdmmmmu-mam

The disk drive system accerding to olaim 3 of the invention couprises an
10 information recording disk baving at least one tzack divided by at least
one wezvo area.wherein position information is stored for identifying the
track position so that an ares without said serve area has contiguous
sectors having the ssme capacities; a magnstic hexd for reading and |
writing information io said information recording disk; storage msans
15 consisting of a first storage means for storing the structuze of a
current sector, & second storage means for storing the structure of the
next secter, a third storage means for storing the operatiocn of the
curzent sector, and a fourth storage means for storing the operation of
the next sector; & table whioh stores the structurs of each secter for
20 representing the relationship émong a physical sestor ideatifier for
identifying each wector on gaid divided track based on said servo ares,
said pt;litm information, and the capacity of the sector crossing said
. S8TVO aTres up to the orossing position, in ozdar to uniquely deternining
the position of each of a plurality of sectors; list atorage means which
25 seguentially stores as a pseude logical sector identitier a logical
sector identifier to be given to a bad sector when sequentially
spasifying a logical seotor identifier for identifying each sectox other
than the bad sector inoluded in said track; caloulating means for
zoferencing said list storage msans to read the number of logical secter
30 position identifiers which is equal or smaller than requested logicsl
sector position identifiers and adding tha nunber being read to requested
logioal ssotor pesition identifiers to calculate physical sector position
identifiers for physicel sectors which cozrsspend to requested logical
‘sector identifiers;) processing means for taking actions for corrzespending -
35 sectors in accordande with the structure of the gurrent sector stored in
sald first storage means and tha cperation of the current sector atored
in ssid third storage means; means gfor determining the beginning of a
sector based on the structure of ths curzent sector stored in said first .
storage means after identifying the epd of sald serve area with an output
40 signal from said magnetic head; and gontrol means for exercising control
50 that, when said heginning of a sector is determined, the first storage



md'segﬁgéﬁzgﬁs BB M B that the 1D a{’rsesé{)RPSsnMn_dt""'reqU| red forth2755298:#13/2

retording information (see JA5-174498). Even with ammmi‘eamameﬂn la%&Prd' ng
di sk waere the conventional ID area is not provided
however, a pqaist-py+odediggs i fying area such as a servo needed
to identify positions on the disk of the HDD devi ce. '€’ sector
can be divided by the servo area, The_H deV| ce usi ng an |nforrrat|on '

recordi ng di s@RRSAEOFes £he stzuctyre of

recogni ze a Sigtgkege nainy sid thel thﬂsuelmmm hhm-atnorayosmbdl ugmct or
s ended even g dobol Setdtbd'Un' the Boultt’ setibd 'HRHS, and during processing by
sald procsssing msans, for referencing sald tible to have the second
B storags means stors the structure of tha naxt sector including the
shysical sector position identifier calculated by said caloulating means
and to have the fourth storage means store ths operation of the next

10 The disk drive pysten accearding to claim 4 of the invention comprimes tha
informatien recording disk sccording to claim 27 & magnetic head for '
zeading anéd writing information in sald information recording disk;
storsge means consisting of a first storage means for storing the
strusture of a current sector, a second storage means for storisg the

15 stzucture of the next sector, & third storags means for storing the
cperation of the current secter, and a fourth storage means for stering
the opesration of the naxt sector; caloulating means refersncing said list
.storage means for reading the nunber of logical sector positien
identifiers which is equal to or lazger than requestsd logiscal sector

20 positicn identifiers and adding the number being read to the reguested
logical sector position identifiezs to calculats a physical sactor
position identifier for a physical sector corresponding to the requested
logical secter identifiezs; pzocessing means for taking ections for a
corxesponding sector in accordance with the stzucture of the cuzrent

25 ssotor stored in said first storage msana and the opezation of the
current sector stored is the third storage asans; means for detezmining
tﬁohgimingo!unmhuﬁe!tmlmctmmm
stored in sald first storage messus after identifying the end of said
sezvo area with an output signal from said magnetic head; and control

30 naans for exezcising control, when said besginning of the sector is

~ dstezmined, to have the first storage mesns store the structure of the
next sector stored in ths second storage means and have the thizd storage
means stors the operation of the next sector gtorad in the fourth storage
nsans and furthsr to reference said table during processing by said

35 w&mummmﬂsmmmm.mlmmd
the next sector including the physical seotor positicn identifier
otlculated by said physical sester positica caleulating means and have
the fouzth storage means store ths opsration of ths next sector.

40 The disk drive system sccording to claim S of the invention comprises the
information recording disk aceording to claim 1; a magnetic head for
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~ankliorate one or nore di sadvant ages of the prior art’[‘hls/Sheet)Hd;lBegx lacsd
aspect. of the present i nvention there is provided an | rdr ng
di sk conpri sin3lesddes t one generally ragjal servo a area
storing position in }o mation for identifying a track posr |on ast one
track for recording data, the track containing a plurality of sectors

wherein at | Gmefing andwnising dofapmation: in maid informatine zeopveing a4l vi di ng
the at | cast skafes Abislitaga iathil Sbotae! ki v iial ' tiedie!Wideh Bk & °a and a

sectors havi HEFRCARRUAR eapateyy ¥ dopadlonn S ppctar LShif déditetins o 4
for virtual sectoxr table wherein & physical secter identifier to be given to
] the position of a bad sector is sequentislly stored as a pseudo logical
sector identifier and & virtusl track table for storing ths pssudo
logical sector ldentifier for the bad sector corresponding to the
enallest physical sector identifier for the same track which is included
in said virtual sector table, when sequentially specifying the physical
10 sector identifisr indicating the position of each sector other than the
. bad sector ingluded in said track; means £or creating a virtual ID table
zepresenting the structure of each sector in e virtual track which
conaistes of the physical sector identifier for identifying each sector on
said divided track based on said serve area, said position informatiecn,
1B the capavity of the sector corossing sald servo area up te the ozoasing
positicn, and the logical sector identifier, using said table and said
bed sector tidle; and control means for réferencing said virtual ID table
+o dstermine & virtual track and virtua) secter which correspond to the
position identifier of a requested logiocal sestor and determining a
a0 physical sector corresponding to the determined virtual track and virtual
sector to process for the determined sector.

‘The disk dzrive system according ¢o olaim 6 is characterized in that said

magnetic head comprises, in the disk drive system according to any one
a5 tlaim of clains 3 to 5, a zecording portion for recording information in

suid Momtimmzdmmanmmmmwwtbyl

determined amount from said recording portion for reading informatien

from said information recording disk, the length of the hesd gup of said

resding portion being substantislly equal to the length of the head gap

- 30 of said recording portien. :

The disk drive system ascording to claim 7 is characterised in that sald
magnetic head comprises, in the disk drive system according to any ona
claim in claims 3 to 5, a recording portien for recording informatics in
b 1] said information recording disk and a réading porticn spaced apart by a
predetermined amount from said recording porticn for reading informstion.
from said information recording disk, the length of the Lead gap of said
reading portion being substantially sgual to the width of said track.

40 The informaticn recording disk according to claim 1 of the invention
' includes at least cne servo azea. This servo sres stores position
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yni quely | dent I Tyl ng each position of a plurality of OI-Ea?Be Sl the
tabl e stores rel ati onshi ps anong a physical sector i
i denti Tyi ng gﬁé_l} on the track based gn the ser ﬁ Em ack
posi tion, ﬂ'é&!gﬁo area capacity of The seotor o area
capacity be| ng equal to the capacity of the first portion. -4 -

Accor di ng to DiIRREELoASIGE 1deitifhing the exhck Pusition by hokts of, forv Lasthnde,

one t rack i o ARV by Gpnd 1110 I wofihabl ¥ Cudlih foPi1ta o inflesnfg
for identifyisapve sraaskonpdbeisane teagk. An area without the servo area has at
least one track. This track is <ivided by a plurality of ssctors having
5 the same capacities. At least ons of such tracks includes a sector
crossing the servo area. 70 uniguely detexmining the positicn of each of
& plurality of ssotors, the informatien recording disk includes a table
representing ths relationship azmong & physical sector ldentifier for
idantifying each ssctor on said divided track bassd oz said sezvo area,
10 ssid position informstion, and the capacity of the sector crossing said
Sezvo ares up to the cressing positica. Using this information zesording
disk elinmingtes the need for recording a secter ID for every ssctor, thus
increasing the amount of informstion which can be recorded en the
information recording disk. In addition, sincs the relaticuship betwean
u' m;mm-mwmmmcmtymua'mtmmn
ths sexvo area is crossed is stored in the table, tha target sector can
be readily ssarched even when there is a sesctor orossing ths sezve area.

The information recording disk lmdhg_to olaim 2 Zurthar ingludes in

20 said informetion recording disk list storags means for sequentially
stozing as a pssude logical sector identifier a logical sector identifiar
€0 bes affived to a2 bad sector when segquentially specifying the logiocal
sector identifier for identifying each sector other thaz the bad sector
included in the tyack. Thus the pssudo logical sector identifier is

a5 stored in the bad ssctor, and even when a read oz wzite reguest indicates
a logical ssctor, a corresponding physical sestor can be readily searched
by sinzple processing such as adding a stored auvrber of pseudo logical
asctor identifiers to the requested logical secter ideatifier.

30 mmuiw-ymmeeaumaummm,m-n _
informaticn recording disk baving at least ona tzack which is divided by
at leant cne servo area storing position information for identifying the
track position so that sn aves szcluding msald sezvo are is divided to
have contiguous sectors baving the sane capacities. Information is read

s oz written in the inforzation recorzding disk by s magnstic hesd. To
uniquely detezuine the position of each of a plurality of sectors, a
table of the structure of sach sector is storsd vhich rzepresents the
relstionship among a physival secter ldentifier for identifying each
ssctor on said dividsd track based cn ths servo area, the position

40 {uformation, and the capacity of the sector crossing the ssrvo area up to
the orossing positicn. Furthermore, s list storage mesns is used to
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whergimw pataar qansist Bt etae@ervo area is SRS o that sectors havi n

~equal total capacities are successively |ocated, and . MQshectmIasansi
wr ea

di vides at | east .one sector into a first portlon prio
.and a secondW&,ﬁF@sequent to the serwp area; a
readi ng and trng 1 rmation on the information reco Ing dis

one register for storing a current sector's structure and Q eratlon

table, - recordMymm lpgload sacsas Adestifier fio beaff
i dentifying eggliol mmwmm

‘stores the structure eac :iﬁﬂiﬁﬁﬁg fugew&ﬁ st%o
~ physi cal sect Mﬁmg eaclf sectar on the track ased

on:the servo bad asctdzceatadheddsi the PR, of the-
sectorg the pé&z%%ﬂ%&ﬁuwwwlwlwmpum
first %ortlon . , .
Mumzu;mmnmmwunmmm'
' .Mumw.ngmmdua.!eemem, a host computer by
.ummmmmmmmummmun
S - m:mtmuutummmuzuuumm-mn
- 10 'mumsmumuummmmmmmmun

pu!.ti.on muun.

east '

'-_"ummucuhc.wummmmmmm ]
e '_"'f-_ueozdi.ngtocu!.nz,mmumm-mmmeuu:mtm
38 the informatien recosding dlsk. .

'ammm:numm“mmmmma-k.
the disk drive systed is piovided with storsge means configured with a
' -mumm-m:-mnummaueummmumam
- 30 "_-ndap-utuuo!mm sector. This storage means comprises &
' girst storage means for storing the stzuctura of the currest sector, a
- second storags means for storing the structure of the next sector, a
_¢hird storage means for storing cperation of the current sacter, and a.
-'---tm-mmumtulmm”untmummtsm Tha
25, sector detarmiaing means determines the beginning of a sector based on
|  the structure of the current sector vhich is stored in ths first storage
" means after identifying the end of the servo avea by using, for instance,
‘a sezvo sectcr pulss signal or output signal from the magnstic: head
Thus, the Zirst storsge means has stored the structure of the current
30 nemmm:mmummmumemmmu
" the end of the sarve azes can bs determined. Whan the remaining portion
.-'o:mmm--mmm.mmmazmm-m
"'mmutummupuuyuwm. When it does not remain,
.mmmmozmm-mm-mwummmum_
38  gervo area. When ths baginning of the sector is determinad, the comtrol
_ m-'-kmm-mmlntmm:aummmm
 skructure of the next sestor which is stored in the sscond storage wmeans
ndthnthudlto:mmuo:nopontmummxtlumwmhu
_ -.Mumtmnummm._mmlyth-mmmmm
a0 ' mmutﬂctmudopuauno!thematiumm&ngu
' those of the current sector. Duzing processing by the processing means,
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controlling operations of the disk drive, the control |'Hﬁs tor
in accordance with the current sector's structure- and o
the at | east ,ﬂgegmjﬁr the controller imgeluding:

~identifying a beginning of a sector based on the’ current sector S structure

. stored in the at |east one regl ster after idepti an end of the servo
area by using 'éﬁ%di‘ﬂu!%% @&c‘*@a&“&ﬁ Fpdnted 4n
updating the wrmw:mt mlmmﬁmla referdncing

the ourrent  SdBmCFaEIe ﬁg%bwmwww s
mmnm:mmmmmmm
] caleuhtod by the physical sector pesition calculating means and the
fourth storags means stores cpsraticn of the next sector. Thersfore, the
structure and operation of ths next sector can be stored in the second
and fourth storage means bsfore processing for the current sector is
completed. The processing meand performs processing, e.g. reading and
10 writing information, for the corzesponding sector in assordance with the
structure of the currepnt mestor which is stored in the fizst storage
. -means and operation of the current sector which is stored in the thied
stoage means.

18 The disk drive system acccozding to claim § of the invention reads and
vrite informaticn in the infozmation resording disk according to claim 1
by using a magnetic head. Therefors the table ocan ba rzead Izom the
information recording disk. The bad sector table cresting mesas sssumes
a virtual secter and virtunl txack which have a predetermined amount of

20 oapacity, respectively, and when lmdnﬂl.lly specifying ths physical
sector identifier indicsting the positicn of each sector other than the
bad seotor included in the track as a logical sector identifier, creates
& bad sector table consisting of a virtual sector table storing
ssquentially the physiocal ssotor identifiexr to be provided for the

28 position of the bad sector as a pssude logiocal sector identifier and a
virtual track tabls for storing the pssudo logical sector identifler for
the bad sector which corresponding to the smallest physisal sectoxr
identifier on the same traok which is coatiined in said virtusl secter
table, Using this table and the bad ssctor tabls, the virtual ID table

30 creating means crextes & virtual ID table for zepresenting the structure
of sach virtual sector on the virtusl track whezein sach structure
corzesponds to the seotor 1D, said tadle consisting of a physical ssotor
identifiar for ldentifying each sector on said divided track based on the
S8TVO area, position infoermaticn, the capacity of the sector crossing the

as servo area up to the orossing position, and a logical sector identifier.
The control means references the virtual ID table to determine g virtual
track and virtual sector which correspond to a reguested logical sector
position identifier snd determines a corresponding physical sector in the
datermined virtual track and virtual seotor to exercise control for

@ processing oo the dstezmined sectar,
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I nvention there is provided A disk drive data stmggge@t;ggggﬁrne ePri sing: a

magnetic disk for storing information; at |east on the disk
BRSO VECEIEREREEHATY. | L LSRN
plurality of sectors, wherein at |east one sector crosses the servo area,
the servo ar ofnelinigriitns 1ead Gémpkte6s aQrRosdiRigOportitn Sorf iecoiraiy Lhrorsation
to the servo &%ﬂ-%ﬁ%ﬁ”&&%"&n and, s resding portion spaced apart by &
specified amcunt from said recording pertion for reading information from
the information recording disk, ss alaimsd in olaim 6. The length of the
B head gap of tha reading portion can be configured sc as to approximately
conform to the length of the bead gap of the zecording portion. This
will improve the density of the track widtb which corresponds to the
information recording density in the zedisl direction of the disk.
Alternstely, as described in claim 7, 4 magnetic head may be used which
10 i5 o0 configured thet the length of ths head gap of the reading portion
substantislly conforms to the trask width. Zhis will also improve the
density of the track width which corresponds to the recording density in
the zadia)l direction of the disk.

15 Smbodiments of the invention will now be desoribed, by way of example,

with reference to the accompanyiag drawings, in which:
¥ig. 1 is a schematic block diagram illustrating the structure of an HDD

dsvics to which the inventicn is applicable.
30 Fig. 2 shows an image of zonss on the disk of the EDD devies.
Fig. 3 shows an image of formatted scnes on the disk.

Pig. 4 iz a schamatic diagzam illustrating an example of a track
28 including bad seotors.

- Fig. B is a block diagraa i{ilustrating ths structure of the HUC of the
HDD device to which ths invention is applioabls.

30 ?ig. 6 is a flow chart illustzating the steps for deducing the physical
position of sectors relative to the first embodiment.

Fig. 7 is & flow chart illustrating the steps for sector recognition and
structure determination zelative to the first embodiment.

s
Fig. 6 shows an image of state transitions of a state centroller in s
construction of sectors in & predetezmined track in predetermined azone
En.

40 Pilg. 9 shows an image of state transitions of the stats controller.
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sanme total capacity; a magnetic head for reading an'duwhleét eemR Il on on
the disk; a table, -7 - recorded on the disk or i w menory,
[ dent| |

for ‘uni quel Yy Ju9e93+0egy/gpr cach position of tje plural | wherei n
the table stores rel ationshi ps anong a physi cal sector er fo

identifying each sector on the track based on the.servo area, e track
position, and ¥epril 8 & SoppeRtual, Siagran iilustzating the '?ﬂéi :

capaci ty bei ngregtowicable tand vixtasl tyack tabls hm'pmm-ueﬂm
controller, coupled to the nmagnetic head, _
#ig. 11 is a flow chart illustrating the creation of a virtual ID table
5 relative to the second exbodiment.

¥ig. 12 is & flow ohart {llustrating read and wxite operation for
information using the virtual ID tabls zelative to the sscond subodiment.

i0 Fig. 13{a) is a schematic diagram mmmtng the recording state of
' information in the disk of the prior art EOD dsvice and Fig. 13(b) is s
schematic diagram {illustrating the reccrding state of information in the
digk of the HOD device to which the invantion is applicabls.

15 Fig. 14 is a conceptual dlagram illustrating the positions of an MR
elemant during write and zead operation in a prior art HDD device.
"¥ig. 15 shows the relation betwsen the dnmcunt of off-track and read
QrYOr,
Pig. 16 shows an image of an information-recorded state in a sexve area.
a6 .
Referzing to the drawings, exbodiments of the present invention will now
be describad in greatar detail. The first exbodiment applies the
invention to HDD device 10 empleying a multiple-sone tschnigue whegein n
magunstic recording disk (hersinafter simply referred to ss disk) is
a3 divided in the radial direction inteo a predstermined number of areas
(refarred to as sones) and a sector ssrvo mechanism is used to perfornm
wzite and read operation from the inner to the cuter cirole of the disk
at a predetezmined line density. .

30 Fig. 1 shows HDD device 10 related to the first embodiment. BDD device 10
is equipped with drive 14 for rotating shaft 12 in a Righ speed. |
attached to shaft 12 is cylindrical support 16 sc that both axes .
coincide. On the outer periphery of support 16 & mmber of (two in Pig.
1) diske 18A and 188 are attached with a predetermined space from each

13 other. Disks 18A and 183 sre formed to have predetermined thicknesses,
esach of whioh is made of & herd material with a sagnetic material applied
to both surfaces to use them as recording surfaces. In thes csntar of
disks 18a and 188, a hole is provided which has approximately the sanme
dismeter as the outer dimension of support 16, which is inserted into

40 this hole. Disks 1BA avnd 188 are fixed at the outer pariphery of support
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whi ch corresponds to a position identifier for afh{sggééqsassdenl acedl sector,
the controller including: (a) neans for identifyi and
creati-ng a bad sec t abl e when a virtual ectorﬂm rack each of
whi ch havi ng"&’ /3% ned t ot al capaC|t re d an a physi cal
sector identifier representing the position of each sector ot her than any

bad sector whig) irherdZoke/aden BhaPE 12 £f rotstelby drive/ Ad)y dinksi I8 dnd 88
tabl o whor of ness gRyKbed Toeedeifye Shef BibRer 881 0100l G be given to &
posi tion of a bad sector IS successively stored as a pseudo Ioglcal sector
i dentifier Slciel! ¥ U0ix ggpr“g;g,pﬁauw Qdi 8. 85 Or
Sect or b SénI ?ha” Nl E e e e, S50, GERR Soelelog o, B hﬁfg@%
(b) means forgsraﬂklm with zemaining area formed as track region 52. In serve
azeas B30, a sexzvo signal (see Fig. 16), e.¢. burst patterm, for
indicating the direction of data tzack arrangement, for inatance, is
zecorded. Corresponding to data tracks, a specisl code (e.g. area of
10 approximately 1 usec where no sigoal is pressnt) indicating the begimniag
of a pattern and a gray code (oyclic binary code) indicating for example
the address of each dats track are reccrdsd. In the end poztica in the
directicn of rotation ef servo area 50, there is recorded information for
genarating sector pulse signal 5P indicating the end of servo ares 50
b1 (i.s. beginning of a sevtcr). In data track area 52, a number of data
. tracks are formed concantrically with pitch P slong the redial direction,
and informstion is weitten in each dsts track in the rotation direction
of disk 18 by & magnetic hesd described below.

20 HDD device 10 is provided with magnetic heads 20A to 20D having
predeternined gap widths and leagths which cozrespond to recording
surfaces of disks 18A and 18B. JFach of magnatic heads 20A to 20D is
contigured with an MR eleneat which ingludes a xead element (net showm)
for rveading ianformation and a write slemsnt (not shown) for writing

as information. Magnetic heads 20 A to 20 D ave attached to the end portion
of access azus 22 A to 22 D, Tespeotively, and retained slightly above
{e.g. spproximately D.1 to D.2 micren) correspending recording surfaces
of disks 18A to 18B. Bach Tear end of Access arms 22A to 22D is attached
to support 24, which ig in turn attached to drive 28 via shaft 26.

30 Rotaticn of drive 28 by s predetermined angls will rotates access arms 22A
to 22D. This rotation of aceess arms 22A to 22H causes sach of magnetic
heads 20A to 20D to move toward tha radia)l direction on sach rescording
surface of disks 16A and 18B. ‘

b1 | Prive 28 is connssted to a hard disk controller (referrsad £c as HDC) 30,
to which the zead and write elements (aot shown) of ngmts.e heads 20A to
20D ure slso connected. .

This embodiment dafines as a logicsl blook address (or m) +he nunmber of
40 a sector to be specified when & read/write request ia iswued by other
davices such as host computers. Also defined as an abeclute block address
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sector table, said virtual |ID table representi nthieShedt HacReon

virtual sector in a virtual track which contains tor
identifier fo '%D&'é L@d each sector on thg tr e servo
area, the trac p05|¥ [éh@ a pre-servo area capacity of the sector which is,
equal to the capacity of the first portion, and a | ogical sector

i dentifier; angex mmanmm sssiignad pequenitially in thekoxdnr of hegtibrs, for

sector which c %iagm twwﬂ Rt bf raéaéut-he rqauaﬁedue.

| ogi cal sector re erenC| r}g rtu Dtabl e ag %&J “&n‘g
fﬂlh stozage

ﬂl’lﬂlty O! 512 bytes.

As shown in Fig. 3, oach of disks 18A and 168 is divided into sones 30,
81, 32, ..., En, vhere n is & predstarmined nunber, and each xone has
previcusly spacified information, such as position information. JFor
example, during manufacturing, sone $0 has a resexved area ranging from &

0. minimum absolute blosk addrass (ar MIN ANA) O to a maximum absolute block
address (or MAX ABA) 102359 and oylindars ranging from & sinimum cylinder
aumder (or MIN_CYL) O to an end ocylinder aumber (BND_CYL) 199, and is
formatted so that the aumber of seotors per track (SCT_TRK) is 128 and
the number of ssctors par oylinder (8CT_CYL) is 512. Zone El and later

18 have & similer cenfiguration, which is shown in Table 1 beslow.
Ianformation associated with each sene shown in this table is previcusly
recorded in place on the dink. By reforensing thia sons table 32, it is
possible to determine from which sone a spacified sector starts.

Table 1

20 SONE TABLE
#ZOME NIN ABA MAX ABA BCT_TRK 8CT _CVL MIN ( oYL IND_CYL
g0 0 102389 138 512 -] 198
21 103400 19199% 112 448 200 39%
s 2 192000 345338 96 384 ~ 400 799

28 33 343600 473599 80 320 800 - 1199

In the present smbodiment, since write or read operation is performed

30 over the disk from the inoermost to cutexmust circle with s predetermined
line density, each sons will have a 4ifferent storage capacity on disks
18A and 183 by zrotation of an identiocal sngle. That is, as shown in Fig.
3{a), when mcne 20 has an informatlion storage of the whole capacity of
two sestors (812 x 2 bytes] in dats track srea 52 batwesn servo aress 30,

3B sons 51, as shown in Pig. 3(d), has an information storage of two-sector
oapacity (512 + 384 bytes), scne I2 has an information storage of
two~gsactor contents (512 < 238 bytes), as shown in Fig. 3(0), snd zone
£3 has a two-gector capacity (512 + 128 bytes). Thus the storage
capeacity dacredses as the disk track xeaches the innermost circle. Along

(1] with this, a single sector ocan bs divided.
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sect or. -9 - DESCRI PTI ON OF THE PREFERRED EIVBﬁIS cmil ments of
the invention will now be described, by way of e ference to

T ust et no THESSRAEE. of oh, L L m. t o nvem .koﬂ' ol

applicable. Fig. 2 shows an image of zones on the di sk of the HDD devi ce.
In view of the above, in the embodiment, there is previcusly dstermined
the relationship among & physical sector number (DT _S8CT), servo number
(SV_8C?), sector capacity up to a position where the sector {s divided by
servo ares 50 (PTR), aad information indicating whether s servo area is

5 present betwesn this ssctor end the next ssctor (LAST) for the sector in

each sone. This ralstionship is indicated as pointer tabla 3¢ and gshown
in Tables 1 to B for examples of szones 50, 81, 52, and £3. Alsc other
pointer tables 34 for sons 54 and later are specified zt the time of
fabrication. Pointar tables 34 for sach sone, as shown io Tsbles 2 to 5

0 are previcusly recorded at predstermined positions.
Table 2
POINTER TABLE (50NS #0) .
. Drect #0 41 42 €3 e s27
15 svscr #0 #0 #1 1 £ w2 "7 e
PTR 200H 2008 200E 200E 2008 3008 = 200H
ST 0 0 ° ° 0 1 3
20
Tadble 3

FOINTER TABLE (SONE #1)
DT SCT #0 #1 42 #8 M # ' qu

BV BCT #0 #0 #1 ¥ 2 #2 3 "' 3 prr 2008

25 1808 2008 1008 2008 0B0E 200H 2008
AT © © ©0 © o o 1 -]
Table 4

: POINTER TABLE (ZONE #2)

30 prsor 40 #1223 M 8 7 ges
BuscT #0 #0 #1 #2828 ' e

PIR Z00H 100R 200H 2008 1008 2008  ~  200E
| LAST O o 1 0 o 1 1



Fig' 'SEhAMS ar tBHyBSHr 'Sk Mt t ed zones on MSASPRIFMk. Fig.' 4 is a D4Reimaedt® 172

diagramillustrating an exanple of a track including bad_sectors.—Fig—5—+5-
a block diagramillustrating the structure of the HDC of the HDD deV| ce to

whi'ch the |nvﬂ,hm plicable. Fig. 6 igga flow chart Thi e
steps for deduci ng ch’%ﬁym cal position of sectors rel atlv

enbodi nent. Fig. is a flowchart illustrati ng the steps f

recognition amﬂ%!riuct ure determnation relative to the first errbodl ment .

Fig. 8 shows aprimeseanis (soRE #3)ansitions of a state controller in a
construction %f! igft %s [ 22 pr'«idet %m' nﬁq track Nady edet erm ned zone Zn.

: gvscr #0 ® & 22 8 63
5 PIR 2008 OS0R 100M 1808 2008 =~ 2008
tasT 0 o0 o0 o 1 1

Mow bed sectors will be described. As showa in Fig. ¢, when a block
{secter) whoss absoluts blook address ABA corresponds to 03, 08, 09, 15,
10 16, and 17 is defestive, ths logical block addzess skips this defective
sector. For example, the logicel blscsck address whoss absolute blook
sddress ABA corresponds to 04 is 03. mm-nmmmm
lbno:l.uub:l.cckaﬂdzcnmhoa,auluu-mdtob-uumauit
not defective (03 in this example) is stored as value PLEA (PSURDO LEA).
15 All of stored values FLEA are ssquestially stored as defect list D_LST.

Thus, absclute bleck address ABA can be deternmined by adding the numbex
of values PLEA listed in defect 1ist D_LST when logiusl block address LaB
is specified. TFor exampls, when logical block addzess LBA = 7 is

20 specitied, the values of defect list D_LST (three valuss of 03, 07, and
07 in this cass) ave added to chbtain ABA = 7 + 3 = 10.

ABA = LBA + (uuﬁbuczmuwhuhmoquutae:mluztmm)
eee{l)

as ) .
As shown in Fig. 5, GDC30 has a local CPU (not shown) and inocludas
registers, stute sontroller 68, first data clreuit 70, and second datas
cizouit 73 described below. Registers inolude Tegister 60 Zor storing
the structure of & current ssotor {(zeferrad to as current ssctor's

30 pointer register or CSFR), rzagister 62 for storing the mtructure of the
asxt sector (referred to as naxt yector's pointer register or XSPR),
zegister 64 for _ltczl.ag' cpersticn of the currsnt sector (current asctor's
opezation ragister or C50R), and registar 66 for storing operation of the
next sector (next sector's cperation register oz RSOR). These Tegistexs

36 CEPR60, NSPR62, CSORS4, and NEORG6S are sonnected to local CPU (not shown)
bus 74 so that data can bs transferzed £o sach othez.

State controller 68 is e oirecuit for eontrolling the states in which
HDC30 is operative. These states include dead atate 80 whare HDCIO

40 operaticn is prevented dus to, for instancs, a nén-recording ares of disk
sactor, idle state 82 in which cperation of EDC 30 is paused, first data
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Fig. 10 is a conceptual diagramillustrating the structure of a virtual
sector table and virtual track table relative to tthe second enbodi nent.

Fig. 11 is a floy chart jllustrating the crgation of a virtual ID table

relativetot#g'&?éﬁﬁﬁ%énbodirrent. Fig. 12|E€aflowchart il lustrating

read and wite operation for information using the virtual 1D table

relative to tlseate®anindioheiigrels state of dats contained in a single sector from
its beginning to the end or servo area 50, and sscond data state 88
indicating the wtate of data in the latar area of a single secter being
divided by servo area 30. This state contreller 68 is connscted to

5 registers CEPRE0 and CHORG4 and also connscted to Zizst data oireuit 70

and second dats circuit 72 which are provided for tamporarily retaining
data.

Referzing now to figures, opsration of device 10 according to the

10 present invention will be described. As ancted above, MDD devics 10 of
the inventicn has disks without the ssotor ID zecorded per sector.
Pizet deduction of the physical position of target sectors will be
descxribed with zeference to the flow chart showa in Fig. 6. A hest
device specifies a logical bleck address 1BA which is a sector number to

15 EDC30 along with a data write or read request {step 102). HDCID
references the defect list D_LST described sbove, and using equation (1),
calculates an absolute block address ARA for all sectoxs including bad
sectors which corresponds to the specified logis block address LEA at
step 104. Yor example, in Fig. .4, vhen logical bloock address LEAO? is

20 spacified, absolute blook addzess ABA = 10 is ctlculated. Next HDC3IO
references zons table 32 (Table 1) to determine sons 32z whexe the
calculated absolute block address ABA bsloags (step 106). Then e
physical position in detarined sone En is deducsd as follows (step 108).

25 Assuming the hast davice raguests for reading sectors from #L to #M for a
logical block address 1BA. Then a corresponding absolute dleck address
ABA im caloulated as #N and zone En it belongs is determined as #3.
Yurthermore, it is assubed thst the first absolute block sddress ABA is
MIN ARA (#£) and the first cylinder is MIX _CYL (#3). 1In this case, an

30 absolute block address ARA (§N) caz be rapresented in the following
squation (2).

BN = $EN + MIN ABA (#5) ...(2)

where #EN is the sector serisl number in soze #5 which corresponds to #L
38 of logical block address LEA. o

The sector sarial number #3N can be represented in the following equation

(3). ' '

#28 = §8 _
This Sheet Has Been Re!ilaced

40 + (SCT_TRK (4#8) #8ED) _
" e (40 “eawzy RN
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information in the disk of the prior art HDD dé& Is a
- schematic di agramlllustratlng t he recording st |on in the

di sk of -the W whlchthelnventlml 14 is a
concept ual, di agram | ?Jstratl ng the positions of an NR eI errent dur| ng wite

and read operation in a prior art HDD device. Fig. 15 shows the relation

bet ween the avheze SST_TRR (#Ehdie theinueher &f sgptons per toadh dRssene FE AN of

an i nfor mat i ongepeRl {9) AsEKe niubers 62 \WacBsn pel Ay Einderdid Gohddadr awi ngs,
enbodi nents of tfe present i nvention wll now be described in greater

detail. The first enbodi nent applies the
' Thersfors, for determining ths absclute block address ABA (#N), the

8 surfeos number (HR mamber), e_yundu sumber {CFL munmber), and sector
punsber (SCT mumber) of a magastic disk will be as follows:

CYL mmber = #OIT = §MIN_CYL (#2) + #3030
HD nunber = #HD
0 8CT sumdar = 8

Based on a physical position calculated as sbove, sesk opsration is
performed by switching and movisg the head o a target cylinder (step
110).

1] .
Next, mector recognitien/stzucturé determination will be deseribed with
zefezence to Fig. 7.

W¥hen s« ssctor pulse signal SP indicating thzt servo area 50 is ended is

20 input at step 202, current sector's pointer register CEPRED is zead at
step 204, and it is determined at step 206 vhethar mector cepacity PIR up
to a position where ths current sector ia divided by sarvo ares 50 iz 0
or nok.

28 T¢ the decision is positive, i.e. no division cccurs, then the contents
of next sector's pointer register NSPR62 is stored in CSPREO at step 210,
sector processing such as resd and writs is performed inmedistaly after
the sector pulse signal SP at step 212. On the other hand, if the
decision is nagative, the later section of the divided sector immediately

3 follows the sscter pulse signal 89. Then after the capacity indicated by
the sector capacity PIR is passed (stsp 208), the contents of NSFREI is
stozed in CBPREC (step 314), and sector progessing after sector capacity
PTR being passed follows (step 216).

38 When processing is not completsd for all sectors at step 218, it is
determinaed whether information LAST indicating the presence or abssuce of
sexvo ares 50 batwesn the current sector and next sector is O or nst
(stap 230). If the answer is positive, L{.e. LABY = 0, than there exists
another sector immsdistely after the surrent secter. The contents of

40 N8PR62 is then stored in CSPRED at step 222, and sector procamsing is
performed immediatsly after sector pulse sigaal SP at step 33é. Then



magneti c recording disk (hereinafter sinply ref elm[s%deetﬂasmeﬁkéedi s divi ded

in the radial direction into a predeterm ned nunb eferred to

as zones) and a sector servo nechanismis used to and read

operation froms-ae-~048ddpct o t he outer circl a7 of t pr edet er m ned

line density.” Fig. 1 shows HDD device 10 related to the first enbodi nent.

HDD devi ce 10 i.s eguy egw& jd iﬁ ' Sl broibaaliad untl idl1oaéutiis

speed. Attached to S g’Ft I'S gal néf‘cgﬁ‘s‘%gport 16 gbﬂtht bqgt h $

coi nci de. On tsxe mpelqﬂpﬂ!yzm badsott Mr‘ﬁ"‘?ﬁb o % +

di sks 18A and ¢,8gnan andtked< Bostoni 16 abseree fis ttha nsureents saxes BactnmacThe
m--muu«maoz.mmmnsmnnummze:

s provessing the next ssctor. '

During processing for rsad or write opexation (steps 213, 216, and 223),
since the contents of NSPRS2 is stored in CSFRS0, NEPR62 can be updated.
Then the local CPU referencas pointer table 34 at s predsternined time

10 during said proomswing to store information on the next structure in
MBPR63 .

In this manner, the mecter positicn can be recognized cnly with sector
pulse signal P even if mc sector ID exists on the disk.

]
Said processing for read or writs cperation, i.e. cperstion on sectors
includes resding from sectors (READ), writing in ssctors (WRITE), passing
through a corresponding sector (SKIP), and temporary halt of processing
(8TOP), which are processed by referencing current sactozr's operation

20 regimter CSORS4. Bimilarly ss sector recognition/structure determination
described above, next sector's operation register NEORE6 oan be specified
during processing of the cuzrent secter. Thus, at the beginning of each
sectozr, the contents of KSOREE is stored in CSCRE4 and thereafter it is
possibla to update ths contents of NBORE6. Therefore, during prucsssing

F1 of the current sectoxr, NSORGS cun be specifisd.

Said sector racognition and structure determination as well as qp.ution
on sectors will now be further desoribed with zeference to Figs. 8 and 9.

30 ru.w-mwe:mmmmﬂawmmamu
' predetarmined sons 3n and transition of the state of state controller &8.
During stazt up of HDC30, state controller 68 is in desd state 80. It
changes to idle state 62 when HDC30 initiates control (see arrow Bl in
Pig. 9), and remuins in this state until the sector pulse signal &P is
35 detected, Upon detection of sector pulss signal SP, based on sectox
capacity PTR (up to a position whare the current sector is divided by
servo area 50) stored in CSPRED, state oventroller 68 moves to first data
stats 84 or second data mtate 86. That is, gince PIR = O indiocates that
the sevtor to be remd or written (s in {ts beginning, state controllex 68
40 moves to first dats state 84 (ses arrow 82 in Fig. 8)., On the other
haad, if PTR =/ O, state controller 68 moves to second data mstate 86



ot hergsDRAts 18A%HcEdR 2@ or ned to have Aﬁredeterm ned t hi cknes%@wsg%ﬁcﬁh#“/w

of which is made of a hard materi al vmthamagn@lm led to
both surfaces to use them as recording surfaces. l of  di sks 18A

and 18B, a ho ed whi ch has approahmat aneter as
the outer’ n‘kﬁ'ﬁ, n oﬁ\égpport 16, which is inserted into this hole. Disks

18A and 188 are fixed at the outer periphery of support 16. Therefore,
when shaft 12 sinoaotin ddtds pdrtiop af) theissictes da presents whick isodivided by

integral ly with supporl ¢é6(ase aczow 63 in Tig. 9).

T£ EDC30 is in first dats state 84 and sector capacity PIR =/ O, then the

s durrent ssctor is divided. Therefors, state centroller 68 raceivas halt
signal 611 from fizet datk cizouit 70 (see Fig. S) aftsr cperation eon the
former portion is completed, and then moves to idls state 82 (nee azzow
84 in Fig. 9). At this time, if infarmation LAST = 1, end mignal 812 in
inputted from first data circuit 70 in state centrollex 68 (ses ¥ig. 5)

i0 mummm-uuznm,tmuhmuh
entared, .
:zm-m:uu-muamucmmwmm-o.
then the next sector is contigucus, and firs: dats state 84 is again
entered (sse arrow 85 in Fig. 9). At this time, if a stop dats lndicating

15 mmezmu-mwmcaou-wuem4,dna-tmaeu
sntered (smee arrow 86 in Fig. 9).

When HDCSO is in second data state 88 and information LAST » O, ths nsxt
secter follows the divided currant sector. Then Zirst data state 84 is

20 entered (ses arrow 57 in Tig. 9) after operation on the second dats is
conpleted. When information LAST e/ 0, serve area 50 follows the divided
curzent sector. Thus, after cpszation on ths second data is completed,
idle state 82 is entsred (ses arrow 88 in Fig. 9). At this tims, if the
stop data indicating the end of pzmulng by EDC 30 is stored in curxent

as sectoz's cpearation register CSORSS, dead state 80 is entarsd (ses aTrow
89 in ¥ig. 9).

Opersting the magnetic hesd in sccordance with this state of HDCI0 allows
read and write opsration to the secter which has no secter ID on the

30 disk. Repesting these steps allows read and write operatica of all
desired ssotors.

The seccnd embodiment will now be described in grsater detail which uses
8 vizrtual ID table (VIT) which corresponds to ths sector ID to acocmplish

35 writa and read oparation to the disk without using the sector ID zecordsd
on the disk. The second smbodinent has similar configuratica with the

first enbodiment, and identical numerals are used to designmate idsnticsl
slemants.

40 To agocmplish zead and write operation to the disk without using the
gector ID xecorded on the disk, it is nscessary to provide information



On eaBhE RBESr di B4 AFHCE ot @i sk 18A and 18B, as shown |n CFig. 2, 0462755296;412/2
plurality of servo areas 50 are forned radial IV“ c‘ﬂl rectlon of

disk 18, with renmaining area forned as track re u vo areas 50,

a servo signal §gﬁ§gg 16), e.g. burst’ p ter ng t he

di rection of d arrangenment, for tance S recorded

Correspondi ng to data tracks, a speci al code (e.g. area of approximately 1

used where nmnwwmpummngmnumgumg(m)atq)mnd

a gray code ( *’*Eﬁﬁp" oT¢ h
data track argg% ?%‘%a en portlon |n the dire tlonagf a aﬁtoﬁégf

servo area 503D tinfexnutione G0f A% showoin Sablm & belave 8 A Fahlesgonhining | e
signal SP i ndpGaicel Oedbif S0 Roséralng ¢o ﬁﬁﬂiﬂi snbodiment with logical block
1 address LEBA and informetion YLAG. JFor the values of logical block

address LBA, the least significant bytes are used since there is no
wvariation in higher bytes. Informetion FLAG is represented by ocne byte
and configured with flag ETR JT (EO? FIAG) to be sst if bit O is the last
sector in a track, flag DEF_FL (DBYECT FLAG) to be set if dit 1 is a bad

10 sector, flag RBES_YL (SEASSIGN FLAG) to be set if bit 2 corrupts after
shipping to become unusable, and f£lag ETR FL (BOTBL PIAG) to be set if
bit 7 is the last element of virtual ID teble 38.

Table 6

18 Virtusl ID table (VID) _
DI ECT 40 #1. 42 43 4 #5 #6 T  es
gvecr #0 40 81 #1 #2 2 B T #5
PTR COH 338 80N OOH 33 80X 00K ~ BO0H
LEA S5K B6E FFH OOE OIE PFH 028  J¥FH

20 FLAG OCE 01N O2E OOR OOB O3E O64H = 821

Since servo area 50 on the disk pesmits servo sumber EV_BCT to be

detegted, comparing this servo number SV_SCT with serve number SV _SCT on

virtual ID table 28 allows datecticn of currsnt physical sector aumber
25 DT _SCT (details desoribed below).

Since no sector ID is recorded on the disk acscording to sald embodiment,
the format for formulsting the disk is considered only for recording data
. over the antire surface of the disk. Any bad sector contained ia this
30 disk is recordsd in a predetermined oylinder previously specified by
' dsfect list D_LaT.

In maid embodiment, defect list D_LST is referenced and equation (1) is
used to calculste absolute block address ABA cozresponding to s specified

LT logical block addraess LBA (such as step 104). In ths second embodiment,
dafect table 40 is used which is descridbed below. This defect table 40
is created during formatting descoribed abovs.

In this enmbodiment, & virtual track is assumed to have 10000H (6%3%36)
40 sectors, and the position of a bad sector is specifisd by virtual track
VT and virtual sector Vi.
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tracks are forned concentrically with pitch P aFy t lac%ldl rection,
and information is witten in each data track in H ll irection of

di sk 18 by a gReya-pés d descri bed bel ow. gdDD ovided with
magneti ¢ ‘heads 20A to 20D havi ng predeterm ned gap wi dths and | engths which

correspond to recording surfaces of disks 18A and 18B. Each of nmagnetic
heads 20A to 2Pefest Eﬁ%ﬁ 40, CORPTIseS VITtRAL Sradle HABLM, (RFT); ﬁ%lﬂfe!"%‘ﬂ'@am

fel ement (not sifams) (0s7) 8420 AROSloNRCLINTFLE O 10, Vizbual Bastor! CubIM 44 NeticredOWN)
end porti on of PSRN (el§Uididibs Yo ity etk lre NepBilihe) e’ S
slightly abovebad ssctoz in an ascending ordar of absolute block sdidresses ABA, and
B viztusl track table 42 stores values represanting the order where the
spallest bad seotor Delonging to viztual track VT which corzesponds to
the nupber of each slement is located. '

Sach item of virtual sectoxr table 44 is two bytes, and the reguired

a0 nunber of items corzesponds to the naximusm aunber of bad sectors which is
acceptabls for the HDD device. Assuning the maximum number is 1000,
virtual sector table 44 reguires a storage capsoity of 2000 bytes. Yor
sxanmple, if the EDD dsvics has a capacity of 3500 megabytes, 18 itams are
gufficient for virtusl track table 42 and a storage capacity of 36 kytes

1s iz sufficient. Therefore defect table 40 will have a storagea capacity of
2036 bytes. On the other hand, if virtual traok table 42 and wirtual
sector tadle 4¢ sre not used, three bytes aze needed for one bad sactor.
Then defect table 40 requizes a storage capiaclity of 3000 bytes, thus
oocupying an extza capacity. '

20
Referring now to the flow chaxt shown in Fig. 11, creation of virtual ID
table 38 will be described in detail. Virtual ID table 38 is orsated by
using defact table 40 dssoribed adova, It is alsc craated for the travk
where the beginning sector belongs, when a read/write request is issued

a5 by other davices such as host computers. Or virtual ID table 38 is
creatsd when seak operation transits to the next track after ths last
sector in ths trsck is processed or read/wzitten.

| Upon a read raquest or write request {ssusd from a host devise, or for
30 the logical block address LBA, which iw a sector number, Daing specified
! as the naxt track, the virtual track VI and virtusl sector VS are

i specified by using the following equation (§).

| VT = LEA/NERC_VT

as VS » LBAANSEC VT ...{4)

| wheze NSEC VT is the number of sectors per virtual track (= 10000H), and
1 S is an opsrater for determining the residus of divisien.

Uning a specified virtual track VT and viztual sector VS, a valus p which
40 satisfies the following equation (3) is determined at stsp 30¢.



e. §. SBb ARG noldBisH 65 €5 B ® nicron) corr ASAHSRY recording sur fAERL53R0: #1472
di sks 18A to 18B. [Each rear end of access arns 22A to 22D Is attached to
support 24, which is in turn attached to drive 28 vimshaft 26. Rotation of

drive 28 by a prede ned angle will rotatg access m%ﬁs’h&ﬁ) Thi s
rotation of a‘:’g&%"és%'fZA to 22H causes e of mag to 20D
to nove toward the radial direction on each recording m}l ks 18A
and 18B. Dri veyss fps Recuaquphard di sk controll 0 as

208 ¢ iozoé"a?"e‘*&?sfé‘@io TRCe At M U S ot no as a 1 ogical bl ook
address (or LBmpexen¥ST [®]cis She contents of virtusl sector table and VIT (x] is the
contents of virtual track table.

. :
The determined valus p corresponds to the number of pasudo LEAs (values
PLBA) listed in the dafect list D_LST. Thus, a8 in equatien (1), adding
the value p to the logical block address LEA to determine the absolute
blook address ABA (step 306). Next, use the following equatien (6) to
10 deternine the sucface sumber HD sod oylinder nusber CYL of the magnstic

disk which contains the absolute blosk address ABA at step 3J08.

OYL = ARA/(X_HD SCT_TRK)
HD = (ABAS (MM _ED SCT_TRK))/SCT TRK ... (6)

18 where Ji(_HD is the nunber of heads per track. In equation (6),
10{_¥D 8CT_TEX mey be SCT_CYD.

the miximum velue MAX_TRR and aisimum value MIM TRR of the absclute block
address ARA for the sector included in the track specified in these
20 " magnetic disk surface sumber and cylinder mumbera ars dstermined by using
the following egquation (7) st step 310, and for the sector included
batwesn the determined maximus value MAX TRR and minimum valus MIR TRK of
! the track, & bad sector defined by virtual track table 42 and virtual
sector tuble 44 is extracted at step 312. At this time, if the bad
28 sector exists, the process ssts the flag DEF_JL (DEFECT FLAG) of virtusl
ID table 38 which corresponds to the current ssctor.

MIN_TRK = (CYL MM BD + ND) SOT_TRX
| MAX_TRK = MIN TRX + 8CT TRK = 1 ...(7)

, 30 -

‘ Since the disk rotates constantly and during movement on the track (sesk)
varies by & predetermined amount (skew) from a straight lins in the
zadial direction, the skew on the target track is calculated at step 314,
| the physical sector in virtual ID table 38 which corresponds to the skew
| s is used to set the logical block address LBA to inorease the logical

§i block address LBA for the next sector at step 316. At this time, tha

j sorresponding ssctor is skipped 1f the flag DET_JFL is sst.

| .

The initial value of logical block address is LEA MIN TRK ~ m (m iz the
40 aunber of bad sectors which is smaller than the maximum value MIN TRX of
the abgoluts bloock addrass ABA for the sestor included in the track).
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devi ces such as host conputers. Al so defined asTth k address
12 (or ABA) is the nunber assigned sequentlally m |l sectors,

for all sect 05% b bad sectors, suchaas d he foll ow ng
description, 1 g’“ﬁé%d a single sector .32 formatted with a storage

capacity of 512 bytes. As shown in Fig. 2, each of disks 18A and 18B is
divided into znaegkﬁoeueulthmpnlhwﬂbh sepressnting the anount of skav per

track whish is previcusly recorded is used, along with differences ia
devices such as drives for sach HDD device 10.

B r:oeiui.n: of read and write cpezation to the disk using virtual ID tabls
38 sccording to the pressnt esbodiment will now be described with
zoferancs to the flow chart shown in Pig. 12.

Whan the process moves to processing om the logical block address LBA

io specified by a host device, virtusl ID tsble 38 is refersnced to
dstermine & physical sector DT 6CT which corresponds to the logical block
address LBA of the target sector at step 402. 2Also referencs is mads to
virtual ID table 38 to resd a servo mumber SV_SCT in the determined
plysical seoter DT _SCT, and the proceass waits for the canmpletion of

13 zeading by the magnetic head of the sexve area B0 being daczsmented by 1
(BV_SCT ~ 1) at step 404. Then a sector pulse signal 8P i input and s
capacity PTR is wet when the and of ths servo area 50 dscremsnted by 1 is
zreached (step 406). Next an instzuction for read or write operation is
issued to HDC3O st wtep 408.

20 -
Whether the tazgst sector exists immsdiately after the ssotor pulse
signal 5P is determined at step 410 by refersncing the sarve number
§V_SCT in the virtual ID teble, If the answer is positive, the flag
DNT_¥L is set at step 412. If the answer is negative, the flag DNT_FL ie

25 reset at step 414.

This flag DNT ¥L indicatss wheather the next ssctor's information is to be

read or information is to be writtes in the naxt sector. If this Zlag is

being set, read or write cpsration is made from the beginning of the next
30 sectoz, If this flag is Deing zeset, the next sector iz skipped.

The steps described above correspomd to steps 202 to 216 in Fig. 7.

; Reaching the beginning of the sector, s signal is imput frem HDCSQ at

" stsp 416 to move the corrssponding physical blosk address in virtual ID
38 " table 38 (step 418), and the corresponding information of the moved

physical blook nddrass in viztual ID table 38 is set in EDC30 for the
; naxt sestor at step 420.

The processing dsscribed above corresponds to processing by NSPRS2 for
40 . refarenaing polnter table 34 at a predetearmined time in an updatadle
state, to stors the next structure information in RSPRE2Z.



71, 728% 2A208 Zn}4%@'r5¢§711'%'s'ua(ﬁbredeterm' ned Aunber. “and each zone h8452755296;#16/.

exanpl e, during manufacturing, zone Z0 has a res ging froma
m ni num absol ut e bl 005 address (or M N ABA% 0Oto ol ut e bl ock
address (or 8 /395399 and cylinders ﬁngl ng rom a mni mum cyl i nder
nunber (or MN CYL) 0 to an end cylinder nunber (END _CYL) 199, and is

formatted so g g&&.aw‘wvmwoeemm bergk wéiid] Gk procesi2dstaxbines

nunber of sector | i_nder 1 | ategr ve a
simar conf |W§P$ ﬁ‘#sﬁc{iﬁnw '*&5’? Zglnégl ow%?gzrra{:?oﬁm
associ at ed i dsiston isopasithven fisg DWEFi b zenet; befors step $16 s, rekurned
place on the gk ¢f)." CE£eRE Yudlaidd| n 2RHRIVEDL2ag UT #7118 set before step
B 416 is returned (step €26). This processing is repeated until all target

sectozs are covered (step 428).

previously specified information, such as posi tnhﬁmheenﬁamifﬁﬁed For

In this panner, tmmmmstty--mmuumtd
by & defect table even with a track where 2o other ssctors are contiguous
30 than those having recorded the dats which ars not recorded in avery
l segteor oz the disk, or with a track where a sector is divided by the
sezvo area. §ince using a virtual ID table corresponding to the ssstor ID
permits the absolute block addvess of the disk to be determined,
u:mMemunumnttmummumwm.
18 host device without consuning an extra msmory elements or capacities.

The table described above may be recordsd in the boot track in s
predsternmined cylinder on the disk, or be stored in ROR provided in the

MDD devics.

20 . .
As desoribed above, using EDD device 10 sliminates the nsed for resording
the ssotor ID. Thus, it is possible to zead and write information even
when the amount of information inoreases which can be zecorded on the
disk.

a5

The magnetic head, es in the aforementioned embodiments, comprises an MR
elenent. It is well known in the art that its writing portion for
Tecording information and reading portion for zeading information is
offset by a predsternined amount (e.g. ssveral micrometars) toward the
30 zadial 4:I.:nau.on of the disk. Thus, when the magnstic head is so
configured that it turns around sn axis assuned as an extension to tha
writing and reading portions for movement (ses Fig. 1), this offset will
vary in the radial divection with ths turn angle. 1In view of this, in a
. convantional RDD device, different set positions of the MR elament have
35 been ussd to accommodate both read operation (RD) and wxite opezation
(WRT) se that the corresponding magnstic head is positicned immedlately
above the desired data area. Yor sxample, in magnetioc head 30A, as shown
in Pig. 14, the MR element is 50 vonfigured that writing element 50 for
recording information and reading element $2 Zor reading information are
40 spaced apart dy a predetermined amount. During read cpsration (RD),
pagnetic head 20A is located so that reading slement 92 is positionsd



. 86 B, . 14845%: B4 <€~ xd (B) AS~: "
possi blgztﬂgndeterﬁm %e From which zone a spem%le S&C, ﬁisﬁgeﬂk acedTa%ﬁ
i

ZONE TABLE #ZONE M N ABA NMAX _ABA SCT_TRK SCT_ ) CYL Z 0
0 102399 128 512 0 © 199 191999
112 448 sag-g3-dWe/ipe - 399 Z 2 192006 384

400 - 799 Z 3 345600 473599 80 320 800 1199 .

: : . Iln the.pre t odl t, Sice i te or . read

operation is mmtm%f@ﬂﬁﬁg&%sm oﬁfv%’r@g# | e

Wi th a predet uirycaagastic head 202 is located so that writing elemant 50 ia
positicned ismsdiately above center live B4A of the track.

8 In the prior art MDD device, since the sector ID must be zead from the
disk, it is necessary for the reading portion to resd the sestor ID even
during write cpezation (WRT). Thus the conventional magnetic hesd has
been configured so that it can xead the sester ID during writing of
information (WRT). The length of each head gap has been dstermined so

10 that rsad operition is possible even when ths positicn of the magnstic
head is offset from the positicn spegified by a track width TREw toward
ths zadiasl direstion of the disk . As an indicator which takes into
scoount the relation between this amount of off~track and exzor zate
during read operation, there is OFF TRACK FPerformance or Errcer Rate

18 Bathtub. Using this indicator gllows an optimum magnatic hasd to be
configured for the EDD devics. Then, when magnetic head 20A regulated by
the length of the head gsp of rTead slemsnt 92 (referzed to as gap length
RDw) is located approximataly within the width of track 54, the smount of

~ ezror beccmss minimum, and charasteristic cuzve 94 will indicate the

20 amount of arrer which linearly increames with the smount of off-track.
Therefore, the magnetic hesd is degigned to have & charastexistic curva
94 indicsting s lower amount of error over a wide rTangs (mo-called widex
bathtub). Conventionally, in view of this, the length of the head gap of
weite slement 90 (referrzed to ss gap length WIiw) has been made longer

13 ' thsn ths gap length RDw. '

Rowever, since the sigaal~to-noiss ratio is proportional to the gap
length RDw, ths limit value of gap length ROw is dsfined to maintain a
minimum amount of error. This zeguires a longer gap length Wiw (e.g. 1.0

30 um). However, 2 longer gap length WIw will increase the track width
T2Rw. 7This has precluded improvement of the information reocording
density in the zadial direction of tha diak.

HDD asvice 10 teo which the preseant inventiocn is applicable does not

38 zeguire any sactor ID to be regorded on ths disk. Comparing a
gonventional HDD device with HDD devise 10 according to the inventioen,
data is written in the vecording araa with a predotarmined offsct in
zelstion to the sector ID recording ares Zor a single sector (use Fig.
13{a)) in the conventional EDD davice, while in HDD device 10 uccording

40 to the invention, data can bs wzitten in aligned reoozding arsas (see
¥ig. 13(b)). Therefore, the magnetic head design dces not reguire

B§7§_5298:#17/2



and 18B by rot atlon of an identical angle. That Th g. 3(a),
when zone Z0 has an infornmation storage of the vvh

sectors (512 W&g@, n data track area bet S 50 zone
Z1, as shown | I'g E? has an |nformat|on storage of t wo- sect or
capacity (512 + 384 byt es), zone Z2 has an information storage of

t Wo- sect or concenuideddtlions QBM a adden Gashkub, el thE Gep length oM S8n

has a two-sectgg .?g?;.gy 108gch RYpdRimathiy oohPErnihs A0 ené 1%,.
decreases as the dis tra‘i reaches the innernost circle. Along%\;‘\?th

a single sect of®™an be divi ded.

li ne dg%%‘lzﬁzua LS BRI T8 0 4 different st"c;r"a e capaci.t di 4R &75p36 : #18/
MF
a

8 mmmu-w.mtmthmmmuym
the radial direction of the disk improves appreximately over 10V in EDD
devics 10 scoording to ths lnventicn in comparison with the prior art EDD
device which has & gap length Wiw of approximatsly 1.0 um, by s magnetic
head design with the gap leagth Wrw specified at 0.5 um or below.

10
Aes shown in Fig. 16, tha sexvo ared 50 includes sexrvo signal 94A and
serve signal 94B wherein, for instance, 2 Durst pattern is formed in a
staggered fashion in the radial direction of tha disk. Normally, to
obtain position information from the servo arex 50, tha resd element of

18 the magnetic head is located so that it crosses this staggersd serve
signal 54 A and servo signal 948. Thus, with a relative relationship
between the gap length RDw of the read alement sud track width 3w,
detection of the serve signal will decrsase with the amount of off-track
of the magnetic head, and when the gap length XDw is extremsly smaller

30 than the track width TREw, cnly a slight off-track makes it impossible to
cbtain position informstion. GConsequently, positicning accuracy must Be
higher and in scne cases position information cannot ba cbtained.

As above-described, HDD devics 10 to whivh the position invention is
-1 applicable does not reguire the sector ID to be recorded on the disk,
thus allowing data to be writtes in alignad recording areas (see Fig,
13(b)). Therefoze, as a condition of the magnetic hsad which is zaguired
| for obtaining position information froam the servo area 50, only an offset
in spacing between the read and write slements during turning of szms
] 30 should be considered. It is not necessary to consider the amount of
! off-track caused by specifying the magustic head at different positiona
| during read and write operation. Then, the gap length KDw can bs
specified up to & length approximately conforming to the track width
TRXw. This will provide an incrsased track density in the radial
35 dizection of the disk for EDD device 30 according to the presest
| invention. - '

As described above, by using the informstion recording disk in acsordance
with the preseut inveantion, information such as the structurs of each

40 sector can be refersnced and the sestor structure can readily be
Tocognized sven when data~only sectors are adjacent or a sedator crosses
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13 | no8F 2408+ tlﬁ%ﬁgb%ﬁé,ei ﬁt‘%e enbodi nent , Atshsepre [I)S previ ousl y determ ned

the rel ationshi p anong a physical sector nunber (DT_SCT), servo nunber
(SV_SCT), sector capacity up to a position where the sector is divided by
servo area 50349<83)y-04®gri nf or mat i on i ndi catdéng whet her a servo area is
present between this sector and the next sector (LAST) for the sector in

_(T_Zglhegoget ngli‘Eﬂrel ati onshl p | S | gg.cat ed ai Eml ter g&pﬁ&%% % SBOWtI n

tabl es 34 for anirm M aan bececondedoin the information
vecording disk.

] Morescver, by using the disk drive systea accerding to ths preseat
invention, read and write oparaticn can be performad efficiently with
less rescurces aince storage means Such &’ Tsgistars stors the structuze
and cparation of the current and next sectors.

10 A further advantags of the present invantics is that more information ocan
be handled without censuming extra storsge on the hard disk drive device
or information resording disk, since a regquested sector can be determined
by using & virtual ID teble oreated with a Bad mector tadle cocacerning
any bad ssctor on the information recoxding diak.

15
A still ancther advantage offered by ths present invention is that the
track density in the radial direction of ths disk can de increased by
configuring the haad gap length of the read portion to Bs spproximataly
egual to the head gap length of ths write portion or designing the head
20 gap of the read porticn to have substantially ths sans dimeasion witdh the

track width.

TN
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previously recorded at predeternined positions. Table 2 PO NIER TABLE (ZONE
#0) DT_SCT #0 #1 #2 #3 #4 #5 #127 SV _SCT #0

#0 #1 . #ingep, . #63 PT 200H 200|2\|"hls WReplaced
200H 200H _ g""%g#LAST 0 0 §>"0 . ﬁmlfﬁumll
#1

1 Table 3 PO NTER TABLE (ZONE #1) DT_SCT #0
#6 #111

1. A informetion recording disk comprising:

5 at 1688t ona gervo ares vwhich stores position information for identifying
the track poaition) _
at lesst one tiack wherein an arsa without said sexvo area is divided by
a plurality of ssctors, which inuludes at least one sector which crosses
said sexve area, sach of said plurality of sectozs having the sams
20 capasity) end '

a table representing the relationship among s physical sector identifier
for identifying sach sector on maid divided track based on said servo
ares, said position information, and the capacity of the sector crossing

15 said servo ares, said ospacity covering up to the orossing position, for
uniquely ideatifying each positicn of a plurality of sectors.

2. A inforwation recording disk covprising:

20 at least ons servo area vhich stores position information for identifying
the track position;

: st least cns track wherein an area without said sezvo srea is divided by
i a plurality of sectors, which includss at least ons sector crossing said
‘ as servo arsa, each of said plurslity of sactors having the sama capacity)

a table represeanting the zelationship among a physical sector identifier
for identifying each sector cn said divided track based on said serve

area, said position information, and the capacity of the sector crossing
30 said sezvo ares, sald cepecity covezing up to the crossing pesition, for
uniquely identifying esch poaition of a plurality of sestors) and

s list storage means for sucscessively storing as a pseuds logical mactor
identifier a logical sscker identifier which should be givern to a bad

38 ‘sector ‘when successively specifying s logical sector idantifier for
identifying each sector othsr than any bad sestor contained in said
track. :

3. A disk drive system comprising:

AU

40
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H#4  In8e93-048/)pr #95 SV_SCT #28

#2

0
#3

#63 PTR

1

0

10
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200H

200H 100H 200H 200H 100H 200H . 200H LAST

an iiformatics resording disk having at nntmuuxuvuuby at
Jeast cne serve ared storing position information for identifying tha
track positicn and wherein an area without said sexvo ares is divided so
that ssctors having the sams capacitiss are successively located)

.mmwmmamztmmmunuuzmtm
reording disk;

stozage means consisting of a Zirst storage means for storing the ourzent
sector's structurs, a sscond storsge nsans for storing the next seutor's
stzusturs, and a third storage neans for storing the curreat sector's
opazation;

s table storing ths structure of each ssotor which zepresents the
relationship ameng & physical sector identifier for identifying each
sector on ssid divided track based on said servo ares, said position
informstion, and the capacity of the sector crossing said servo areas,
Baid cwity oovering up to the crossing poli.tm, for uniquely
identifying each pn&tl.ea of & plurality of sectors;

& 1list storage means for successively storing as a pseudo logical sector
identifier a logical ssctor identifier which should ke given to & bad
sector when successively specifying & logical sector identifier for
identifying each secter other than any bad sector contained in saild
track)

means for caloulsting the phyllud sector position by refersncing sald
1ist storage mesns to read the nunber of logical sector position
identifiers which is equal £o or smaller than vequested logical sesctor
position identifiers, and adding ths number being read to ths requestsd
logicel sector position identifiers to caloulats physicsl sector positicn
identifiszs for the physical sectors corzesponding to the rzequested
logical wector identifiezs;

means for procgessing sactors in accordance with the curreat sector's
Btzucture stored in sald 2irst storage mesans and the current ssctorz's

oparation stored in said thizd storage means;

means for identifying ths Ddeginning of a sector bised on tha current
sestor's structure stored in said fizst storags means after identifying

the and of said serve axes by uung an ocutput gignal from sald magnstie

hud; and
‘) 0 A
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#79 SV _SET #0 #0 #1 #2  #3 Been 080H
100H 180H 200H 200H LAST l
1 Now bad sec descri bed. As showg in bl ock

(sector) mhose ab )| ock address ABA corresponds to 03 08 09, 15,
16, and 17 is defectlve, the | ogical block address skips this defective
contzrollez means exercising control when said begianing of the sector is

identified, so that said first storage means stares the naxt sector's
structure stored in said second storsge mesns and said third satorage
means stores the next sector's operation stored in a fourth stozage

$ means, and that sald second storegs means stores the structure of the
next mector including the physicel sector position identifisr caloulated
by said physical sector position caloulatiag means by refersncing said
table during processing by said processing mesns and said fourth storage
maans stores tha next sactor's operatien. - '

10
4. A disk drive qwnan comprising:

said information recording disk sccording to claim 2)

i3 c:ummntaa:qu:ﬁurztudhq;uadnydstmainﬁnmumten:h:snul1nmmmum1an
' recording disk; :

_ storage means consisting of a first storage seans for storing ths current
! sector's strusture, a second storage means for storing the next sector's
20 structure, s third storsge means for storing the current sector’s
epezation, and s fourth storage msans for storing the next sector's
operation)

maans for oalculating the physical sector position by referencing said
25 list storuge means tc read the number of leglcal sector position
identifiars which is sgual to or smaller than reguested logical sector
; position identifiers, and adding the numder being read to the requested
; logion)l sector pesition identifiers to calculate physical sector positioa
identifiers for the physioal sectors corresponding to the zeguasted
20  logiosl sestor identifisrs;

meana for pauumn;ng:nnnw:l:uaauunmmumm‘uﬂu;tho current sector's
structure stored in said first stozage means asd the gurrent mector's
operatiocn stored in said third storage seans;

35
means for identifying the beginaling of a sector based on the current
sectoz’'s structurs stored in said first storage means after ldentifying
the end of said servo area by using an cutput signal Zrom ssid magnetic
head; and .
40
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sect B6F FA3PE ox LiR4PER: Emsgf]e 'By#al bl ock addr &5 \/\hme@h&cgeu{ hlack address
ABA corresponds to 04 is 03. For the skipped bad sol ute

bl ock address ABA is 03, a value assuned to be as llmm not

.def ective (Omawluuarrpl e) is stored as3eal ue LBA). Al of
stored val ues PLBA are sequentially stored as defect |ist D LST. Thus,

absol ute bl ock addr eter f _val ues
PLBA 14 sted | #O8 W%M%@M%@&M%M%
speci fied. Fddephifistie sokbat said @nmmms-mm mm
the val ues of .?{,gg:.] bdreld hS Eﬁﬁ‘w .,Q?
case) are added to obtain ABA =7 + 3 = 10 BA = LBiA m n‘ger gf PLBAs
whi ch are equiiesns.§5eTeR Hhe et S9PtoR)y

B m,memmmmzmmmmmuoum

gext gector incliuding the physical secter position identifier calculated
by said physical sector position caloulating means by referencing said
table during proosssing by said prooassing means and said fourth storage
gesns Btores the next sector's operatien.

10
5. A disk drive system camprisings
said information rscording disk acocording to claim 1j
is . llmmtlc dickte::«dhgmduuttng Momt:l.onl.an!.a information

mozd!.ngd!.lk:

means for creating a bad sector table when & virtual sector and virtusl
£rack each of which having s predstezmined capacity are assumed and &
20 physical sectoxr identifier repzesenting the position of each sector other
than any bad sector which is included in said track is successively
. specified as s logical sector identifiez, said bad sector table
consisting of a virtual secter table whersin s physical sector identifier
5 which should be given to the position of any bad sector is successively
25 stozed as s pseudo logical ssctor {dentifier and a virtual track table
' for storing a pseudo logioal sector identifier for any bad sector which

corresponds to the smallest physical sector identifier for the same trask
which is contained in seid virtual sector table; '

30 neans for oreating & virtual ID table by using said table and said bad

sector table, said virtusl ID table representing the structure of sach
!._ virtual gector in m virtual £rack which consists of & phyaical ssctor
| identifier for identifying each sactor on sald divided track based on
| said servo area, said position informatien, the capacity of the secter
'( b1 crossing ths sald servo ares which covers up to the crossing positicn,
'l and a logioal sector identifier; and

5 - gontroller means for exercising control to determing the virtual trask:

and virtual sector which corzespond to the positlon identifier for &
40 zequasted logical ssctor by referencing said virtusl ID table snd

R W O
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As hgt\ifx%zﬁn Fi g. BoR: 0 has(ma | ocal CPU- (not skhovvn) and |ncI udes

regi sters, state controller 68, first data circuit 70, and second data
circuit 72 described below. Registers include register 60 for storing the

structure -of $LgaRyypect or (referred to ?’E current sector' s pointer
regi ster or (@% reglster 62 for "storing e structure of the next sector

(referred to as next sector's pointer register or- NSPR), register 64 for
stori ng oper atdegernine: & Sorresponding-physictk septor ig dbeodstarvined, viztual track
register or Cﬁ),ﬁd}_rﬂw er 66 for storing operation of the next sector
(next sector's operation register or NSOR). These registers CSPR60, NSPR62,
CSOR64, and NSOR66 are connected to | ocal CPU (not shown) bus 74 so that
data can be traansf discdiskodeivehsystisnraccozding to any oas of claime 3 to 5,

5 ohazacterised in that said magnetic head consists of a recording portion
for recording information in said information recording disk and a
reading portion spaced apart by a predstersmined amount frem sald
recording portion for reading information from said information recording
disk, and the length of the head gep of waid reading portion is

10 configured so as £o pubstantially conforms to the length of the hesad gap
of said recording portion.

7. The disk drive system acoording to any cne of claims 3 to 5,
characterised in that said magnetic head consists of a recording portion
s for zecording information in said information zecording disk and a

zeading portion spaved apart by a predatermined amount frem sajld
recoxding portion for reading information from ssid information recozding

disk, and the length of the head gap of said reading portion is
configuzed so as to substantially conforms to the width of said treck.
a0

0462755296:#24/2
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t af e Soft 8l | HIRFFE L@ ¢ tor. contr o ASREERL states in whi HERIREBE:# 3/2
] s.operative. These states include dead state 80 where HDC30 operation is

brevent ed due to, for instance, a non-recording area of disk sector, idle

state 82 in which operation of HDC 30 is paused, first data 15 state 84
ndi cating the state of data contained iﬂ agiingle sector fromits

pegi nning to the end or servo area 50, a J cond data state 86 indicating
he state of data in the |ater area of a single sector being

~
N

HDC

~26

Gy

FI1G. 1

| 16?

)
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18A]
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i Vi de%ﬁ‘bgz servc‘)mg%%gaty E-ﬁ%‘(@ state. control%er Rélﬁ | s connected to 0482755296:# 4/2
egi sters CSPR60 and CSOR64 and al so connected to first data circuit-70 and

‘becond data circuit 72 which &®*proviéed for tenporarily retaining data.

Ref erring now to figures, operation of HDD device 10 according to the
bresent invention will be described. As n%rgg above, HDD device 10 of the
nventi on has di sks wi thout the sector 3r ded per sector. First
Heducti on of the physical position of target sectors will be described with
eference to the flow chart shown in Fig. 6. A host device specifies a

ogi cal bl ock address LBA which is a sector nunber to HDC30 along with a
jat-a wite or read request (step 102). HDC30

Sheet Has Been Reﬁaced
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cabcul ates an absol ute bl ofk addtess ABA for all sectors including bad
sectors which corresponds to the specified | ogic block address LBA at step
104. For exanple, in Fig. 4, when |ogical block address LBAO7 is

speci fied, absolute bl ock address ABA = U3]1gcalculated. Next HDC30
references zone table 32 (Table 1) to determne zone Zn where the
cal cul at ed absol ute bl ock address ABA bel ongs (step 106). Then a physi cal
position in determ ned zone Zn is deduced as follows (step 108). Assum ng
the host device requests for reading sectors from#L to #Mfor a | ogi cal

bl ock address LBA. Then a correspondi ng absol ute bl ock address ABA is

cal cul ated as #N and zone Zn it belongs is determ ned as #Z.
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Dlrthgeﬁrirf% ZDE it “‘mzﬁag*éfdrréd It ﬁ@t the first absoFute Ii)l ock address AI_D%BINSBSZQ_B # 6/2

"M N_ABA (#Z) and the first cylinder.+s M-N-CYL (#Z). I'm" this case, an
“Bbsol ute bl ock address ABA (#N) can bé represent ed in the follow ng
bquation (2). #N= #ZN + M N_ABA (#2) . (2) where #ZN is the sector serial
nunber in zone #Z which corresponds to ﬁé | ogi cal bl ock address LBA
The sector serial nunber #ZN can be repr Ie ed in the foll ow ng equation
3). #ZN - #S + (SCT_TRK (#Z) #HD)

. '} .
[ o L4
™ [ ] [ ]
® m
L S
©
e o
x b~ ! o~
b4 - ' -
]
X| & I ®
[
| v | ¢
2 T
o 2 ~
1 4
& 8 O
» L]
= 8 u
e 8
x o 1 t~
* S 1 o
X| @ 1
P4 o I o
&~ WO
©c o :
L
-
s &8
N =T bl
© o ~
. o~
S = ":
§ m I m oS
o | o .
o~
o~
8 9 S .
e
S s s
© o Py
o ©
< b
< < -
Q@ a |
< I O o

T



+ ¢ SCPECHHROR #7) 4HB2EHHHy 1 - €= TR

fsectors per track in zone #Z and .SCT_CYL (#2)
in zone #Z. Therefore,
t he surface nunber (HD nunber),

Hcyl i nder
ABA (#N),

nunber

16 where sésr&FEa?f @I#Z) i s’'the numb
I s the nunber of sectors per
f'or determ ning the absol ute bl ock address

= #CYL - #M N CYL (#2) + #ZCYL

cyl i nder

nunber- (CYL nunber),
sect or nunber (SCT nunber) of a magnetic gygg Wi ll be as follows: CyvL

SN N o~
N = SigigisS M
25| |—-{B2id|aig] &
Feisgg| T
R = = o
\ § 5% ‘_f_‘:n__ I!-'v-'f-
| T 5 e isisig
g 82 IEISIS MY
£ €2 Loisiaig| =
R
e clE g . ®
Q. o | Al a :
Z T 8| glgg = =
E N v 3| x| wnv L
al 3
o (a 4
s1_8 F A
g Hohy -
N 2 REd & 2

Local CPU «— CPU BUS
)
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HD nurr%f£ ZR208_ #IAB:’)WT unbelr“@ #S Basgd on a p P>’/Rsulscal position cal A4A780498: # 872

as ‘above, seek operati-on is perforned by switching and noving the head to a
‘target cylinder (step 110) . Next, sector recognition/structure
determination will be described with reference to Fig. 7. Wen a sector
pul se signal SP indicating that servo agggagg Is ended is input at step
202, current sector's pointer register Is read at step 204, and it
is determined at step 206 whet her sector capacity PTR up to a position
where the current sector is divided by servo area 50 is O

=)

Host specifies data sector number LBA | 102

l

Calculate absolute block address ABA 104
!
Defermine a zone 106

l

Calculate physical 108

pyslflon r—~'
'

Seek |___~110

FIG. 6

" Sheet Has Been Replaced
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or-nhot."'1f the decision is pcg&s)l tive, i.e. no dISVI Sion occurs t hen %492755296 # 972

contents of next sector's poi nter reégister .NSPR62 is stored in CSPR6O at
step 210, sector processing such as read and. wite is perforned i nmedi ately
after the sector pulse signal SP at step 212. On the ot her hand, if the
decision is negative, the |later section-of di vided sector immedi ately
follows the sector pulse signal SP. Then aft'ef"the capacity indicated by

the sector capacity PTR is passed (step 208 t.h ts.of NSPR62 is
stored in CSPR60 (step 214), and secyOr Dslepfitfe Jechdr er S§ctor capacity
PTR bei ng passed follows (step 216). \%ﬂ[ﬁeﬁy% notf conpl eted for
all sectors at step 218, it is -

202

_ Y /21# '
210~ NSPR —=CSPR| |NSPR—eCSPR
ik Y
Processin Processin
N2 ~{immediately after| | after PT

C

216

. 218
222)
NSPR—=CSPR N | -
- Processing | | E_l_(i__:’_
immediatly affer

20 .
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det et %Fé&ﬂméé“?ﬁe?ﬁ EWr{{o‘:r‘ rré%‘lmc))n LAST indicating the presence or absence of

sérvo area 50 between the current sector and next sector is O or not (step
220). If the answer is positive, i.e. LAST = 0, then there exists another
sector imedi ately after the current sector. The contents of NSPR62 is then
stored in CSPR60 at step 222, and sector iegessing I's perforned

I mredi ately after sector pulse si gnal tep 224. Then 17 step 218
is returned to performthe above proceSS|ng until all sectors

i

I
FIG. 8
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ar.g:" cf']c?\‘%‘(-t-zrﬂ(g8Fl O%%%@%ﬁfﬁétﬁﬁjé%, I f the answé‘rs-sipsgnsnoggat [ ve,; I.e. LA 4',52:7/55%9’5;#11/2]
then anot her sector is absent in the current servo sector. The process

returns to step 202, where sector pulse signal SP is waited for processing——

t he next sector. During processing for read or wite operation (steps 212,
216, and 222), since the contents of NSP kg stored in CS Jee ed
be updated. Then the | ocal CPU referencegﬁieﬁgter table 34 at :
predeterm ned tinme during said processing to store informatio

structure in NSPR62. In this manner, the sector position can be recognized
only with sector pulse signal SP even if no sector ID exists on the disk.

S9

/
S6
‘ S2
Dead | —Ca| First
¢ S data
state z state [
soj St 84

¢ 7 S S5
S3] Second
idle g /
C data
state | state
38]
82/ s> - FIG.9
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Said processing for read or mﬁlte oper at i on, e operatlon on sect Hi8&T55296:#12/:

iincludes reading fromsectdrs (READ) witing in sectors (WRITE), passing
‘through a correspondi ng sector (SKIP), and tenporary halt of processing
(STOP), which are processed by referencing current sector's operation

regi ster CSOR64. Simlarly-as sector recod@pydon/structure determ nation
descri bed above, next sector's operation reglster NSOR66 can be specified
during processing of the current sector. Thus, at the beginning of each
sector, the contents of NSORGG ' R64 and thereafter it is
possible to updat'e the con . , during processing of
the current sector, NSOR66\C | aj/d sector recognition and
structure determ nation as we

Specify virtual frack
VT /virtual sector VS p~— 302

l

Calculate value p
satisfying a condition 304

'

(él;ulafe absolute block
address (ABA=LBA+p) ~__~-306

Calcylate CYL number
and HD number | ~~— 308

Calculate max 310
and min ABA in track [ N—

1

Detect bad sector L~ 312
Calculate skew | 314

'

According fo skew, spacify logical |- .
block address in corresponding |~ 316

meneome U i
m 1811
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.on sectﬁd?aszge\n I |14!ﬁ & E)% furt heﬁ described with reference to Fi gs. Ua‘iﬁ

Fig. shows an image of the sector structure on a predetern ned track I n
.predeternm ned zone Zn and transition of the state of state controller 68.

/
% %;296 #1372

iDurlng start up of HDC30, state controller 68 is in dead state 80. It
“changes to idle state 82 when HDC30 initi{q4yyg control (seemgsM}EiBemRmad

9), and remains in this state until the sector pulse signal
Upon det ection of sect or pul P, based on sector c
s divided by servo area

.to a position where the cur

‘in CSPR60, state controller
state 86. That is, since PTR = 0 gndi cat es that the sector to be read or

‘written is in its beg

3 10 402
hrgef logml block address P~

4
Waits for target servo area | 404

- *
] Set capacity PRT I~ 406

fssue R/IW -}~ 408

IML
Set flag ONT-FL - Reset flag DNT-FL
Signal input from HDC |}~ 416

Y .
Move VID . |~_418

]

Specify next sector |~__ 420

L 1

'l_ J'kzﬁ

Reset flag DNT_FL
1
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moves t& first data state 84 (see arrow S2 in Fig. 9). On the other hand,

if PTR =/ 0, "state controller 68 noves to second data state 86 This is the

repl acenent sheet 18 since the later portion of the sector is present

‘which is divided by servo area 50 (see arrow S3 in Fig. 9). If HDC30 is in
‘first data state 84 and sector capacity PM2/48 0, then the current sector

is divided. Therefore, state controller 68 receives halt

NN
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.5|gnal 811 fromfirst data circuit 70 (see Fig. 5) after operatlon on the
~former portion is conpleted, and then noves to idle state 82 (see arrow"$4

in Fig. 9). At this tine, i f information LAST = 1, end signal SIZin

i nputted fromfirst data ci rcwt 70 in.state controller 68 (sS&Ris ShettHabBeen Replaced
after operation on one sector i's conpl ety 43hen idle state 82
I f processing for a single sector is conpleted and information

“then the next sectozgﬁ conti guoudfAand first data state 84 is iﬂmﬂm "ﬂI”II

entered (see arr I g. his time, if a stop datalndlcatlng
_the end of processY HDC 30 _' ored in CSCR64 ead state 80 is’
entered (see arrow Firg. 9).
| S4LA
| _Z —. I TRKy
{
At RD FIG. 14
! 9%
Error Bathtub
o
Off-track (pm)
FIG. 15
N-1
92
\4 N
RD,, TRKw
| N+1

N F1G. 16




Wien HDC30 is in second data state 86 and information LAST = €; LS i Beﬁaf‘ﬂ B
sector follows the divided current sector. Then first data state 84 is
entered (see arrow S7 in Fig. 9) after operation on the second data is

conpl eted. Wen information-LAST =/ 0, seryo area 50 follows the divided
current sector. Thus, after operation on 1he second data is conpl et ed,

idle state 82 i s enter cINFORBRTIONT RECORRINGDIER)ANIY DISK\DRIVE SYsreM, if t he

stop data indicating the end of processing by HDC 30 is stored in current
sector's operation register- CSOR64, dead state 80 is entered (see arrow S9
in Fig. 9). CThits doverficncralagertrcinformtinn recordingceiqks; and gk drive of
HDC30 al | ows gieihai chalhbie® sPREIRLANY t6 inbornmeon revbrdig diskeouseacinr | D

on the '~ information recording devices such as data-recording hard disk drive unit
and disk drive systems using such information recording disks.

As information reco}:ding media for recording a greater amount of
information used in computers or other machines, hard disk drive units
{hereinafter referred to as HDD devices) have been implemented. The HDD
device is provided with a number of magnetic recording disks (referred to
as digks) and writes information in or reads it from its disk by
-positioning a read/write head onto a desired track defined on the disk.

. Typically the disk in fha HDD device is provided with a plurality of
tracks, each of which being divided by data aecté:rs (referred to as
sectors) which are 128, 256, or 512 bytes. A divided sector is usually

- given an idéntifier of itself, i.e., so-called sector 1D, in witich a
serial number of the sector, Sector type, and sector identifying

. information such as DEFECT information indicating a bad sector originated
£rom manufactﬁring. In a conventional HDD device, read and write
operation is performed while the sector ID is referenced to determine
whether the '_sector ie a target or not.

-The physicalf:?:iocation of the sector can be determined by the face number
- of the disk (HEAD number), cylinder number (CYL number), and sector
number (SCT number). The HEAD number and CYL number can be determined as
seek operation is ended. The SCT number c_azi be determine by reading
information previously recorded on the disk, such as the servo area} or
.by counting froin the beginning sector, since the SCT number changes with
. the rotation of the disk. -

It is necessary for reading or writing information to perform operations
for every sector, such as converting a logical sector into a physical
-sector and identifying a location on the disk where a corresponding
sector belongs. This requires many types of information to be stored in
the sector ID. Therefore the ID region has been made larger so as to
prevent erroneous sector identifying information from being recorded as
prerequisite sector identifying information is too large to be recorded. -
Then, an area for controlling the HDD device for each sector, i.e;, an ID

area of sector identifying information has been affixed, 'I:hué__
' This is the replacement sheet
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di sk. Repeating these steps allows read and write operati onrrfshedt H
sectors. The second enbodi ment wi |l now be described in grea
whitrch uses a virtual ID table (VIT) which corresponds to thei

accorrpllsh wite and read operation to the disk without usin sector
recorded on the disk. The second embodi ment has similar confi gurat lon Wt h
the first elﬁh@iﬁdﬁﬁﬁing'iﬁdd\iaieaﬁ icfathe) ares shera iefasation cdosheracerded and

| dent i cal g@tﬁo AAEETBLaeh SR AD G0 ddvE o0y Bhidyche Wherdll Sk

wi t hout usi € sec nthe disk, it is necessary to
provi de information

To overcome this problem, there has been suggested an information
recording disk whose sectors are so formatted that the ID area is not
required for recording information (see JA5-174498).

Even with an information recording disk where the conventional ID area is
not provided for each sector, however, a position identifying area such
an a servo .area. is still needed to identify positions on the disk of the
HDD device. Then a single sector can be divided by the servo area. The
HDD device using an information recording disk whose ID area is not
provided for every sector could recognize a single sector as multiple or
assume that a corresponding sector is ended even when it is actually not
. but continuous.

With aforementioned facts considered, the position invention is intended
- to provide an information recording disk capable of storing more
. information and readily reading information. It is ancther purpose of the
-present inve;ttion to provide a disk drive system which is capable of

readily and rapidly reading and writing a greater amount of information. T

In order to accomplish these and other objects of the invention, the
information -@cordi.ng disk according to claim 1 includes at least one
servo area wherein position information is stored for identifying the
_track position; at least one track wherein an area without said servo
area is divided by a plurality of sectors of idemtical capacity including
at least one sector crossing said servo area; and -a table representing,
- for uniquely determining the position of each of a plurality of sectors,
‘the relationship among a physical sector identifier for identifying each
sector on said divided track based on said sexrvo aréa, said position
information, and the capacity of the sector crossing said servo area up
to the crossing position.

.The information :ecording'disk according to claim 2 of the invention
includes at least one servo area wherein position information is stored
for identifying the track position; at least one track wherein an area
excluding said servo area is divided by a plurality of sectors having the
samé capacity and including at least one sector which crosses said servo.
area; a table representing, for uniquely determining the position of each
of a plurality of sectors, the relationship among a physical sector
This is the replacement shee
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19 which corresponds to the sector ID. Virtual ID taEIIueSeM ardl ng

to the second enbodi nent covers all information pI’OVI r art
I D information, and as shown in Table 6 below, is a t p0| nt er
table 34 according to the first enbodi nent with | ogi ca ress LBA

-and informati on FLAG For the val ues of Iog:? cal bl ock address LBA t he
| east signifiigedyiebes SorofdnusHingi éueh idtebe dns sma Bavidea Mbﬂi@ﬁﬁ

RCEL (Ror R pRrte ek et arLl 1R G Ll 1 il bl 1 20
crossing said servo area up to the crossing position; and 1list storage
means for sequentially storing as a pseudo logical sector identifier a
logical sector identifier which should be given to a bad sector when
sequentially specifying a logical sector identifier for identifying each

sector other than the bad sector included in said track.

The disk d'r_ive systeni according to claim 3 of the invention comprisés an
information recording disk having at least one track divided by at least
one servo area.wherein position information is stored for identifying the
track position so that an area without said servo area has contiguous
‘sectors having the same capacities; a magnetic head for reading and
writing information in said information recording disk; storage means
consisting of a first storage means for storing the structure of a
current sector, a second storage means for storing the structure of the
next sector, a third storage means for sﬁoring the operation of the

. current sector, and a fourth storage means for storing the opefation of
the next sector, a table which stores the structure of each sector for

: representing the relationship among a physical sector identifier for
identifying aach sector on said divided track based on said servo area,
said position information, and the capacity of the sector crossing said
servo area up. to the croesing position, in order to uniquely determining
the position'j’ of each of a plurality of sectors; list storage means which
sequ'entiallyf';fétores as a pseudo logical sector identifier a logical
‘gectox :.dentifier to be given to a bad sector when sequentially
specifying a logical sector identifier for identifying each sector other
than the bad sector included in said track; calculating means for

referencing said list storage means to read the number of logical sector
position i'déntifiers vhich is equal or smaller than requested logical
sector position identifiers and adding the number being read to requested
logical sectof position identifiers to calculate physical sector position
identifiers for physical sectors which correspond to requested logical
sector identifiers; processing means for taking actions for corresponding
-gsectors in accordance with the structure of the current sector stored in
said first storage means and the operation of the current sector stored
in said third storage means; means for determining the beginning of a
sector based on the structure of the current sector stored in said first
storage means after identifying the end of said servo area with an output
signal f£rom said magnetic heady and contrcl means for exercising control

so that, when said beginning of a sector is determined, the first storage
This is the replacement shee
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sector ikn a track, eiitas Blen ®l FLAG) to be set if bit 1 is a bad
sector, flag RES FL to be set if bit 2 corrupts after
shi pping to becone u I ag ETB FL (EOTBL FLAG to be set if bit

7 is the | ast el ement

table 38. Table 6 Virtual ID table

(VID) DT_SCT #0 #1 #2 #3 #4 #5 #6 #89 SV_SCT #0 #0

#1 #1 #2
00H '
0O0OH O1H 02

midng ‘SBores the structure &P LhE Mdxt sditbr stdred SHtnd YdeordH 80H

eSO EA e a8y B a0 GO L 2E, operation of il TLAC

next sector stored in the fourth storage means, and during processing by
said processing means, for referencing said table to have the second
storage means store the structure of the next sector including the
physical sector position identifier calculated by said calculating means
and to have the fourth storage means store the operation of the next

gector.

The disk drive system according to claim 4 of the invention comprises the
information recording disk according to claim 2; a magnetic head for
reading and writing information in said information recording disk;
storage means consisting of a first storage means for storing the
structure of a current sector, a second storage means for storing the
structure of the next sector, a third storage means for storing the
operation of the current sector, and a fourth storage means for storing
the operation of the next sector; calculating means referencing said list

. stor_aée :_lneaxfs for reading the number of logical sector positioii
" identifiers which is equal to or larger than requested logical sector

‘position identifiers and adding the number being read to the requested

logical sector position identifiers to calculate a physical sector
pogition identifier for a physical sector corresponding to the requested

. logical sector identifiers; processing means for taking actions for a

eor:espondi.nﬁg'.‘sector in accordance with the structure of the current
sector stored in said first storage means and the operation of the

- current sector stored is the third storage means; means for determining

the beginning of a sector based of the structure of the currexit sector

‘stored in said first atorage means after identifying the end of said

servo area with an output signal from said magnetic head; and control
means for exercising control, when said beginning of the sector is
determined, to have the first storage means store the structure of the
next sector stored in the second storage means and have the third storage
means store the operation of the next sector stored in the fourth storage
means and further to reference said table during processing by said

-processing means to have the second storage manes store the structure of

the next sector including the physical sector position identifier
calculated by said physical sector position calculating means and have
the fourth storage means store the operation of the next sector.

The disk drive system according to claim 5 of the invention comprises the
information recording disk according to claim 1; a magnetic head for

This is the replacement
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Si nce servo ar eamﬁ&henmsimexfkeﬁkoepermts servo nunber SV_SCT to be detected,
corrparl ng this se SCT with servo nunber SV _SCT on virtual |D
t abke 38 al |l ows dH rrent physi cal sector number DT_SCT (details
descri bed bel ow) . IDis rgcorded on the disk according to
sai d enbodi nent, the format for forrrul atirg the disk is considered only for

recordi ng dateadineemandheritiig defematioe infsailleintoshationyrdradd e idek;
contai ned | ekl dlisiirgSa VIFRAHC debibead GHELAATLARA filon e Br eI OUSI Y

speci fied by defect 11 st T. 1n sald enbodi nent, list DLST is
ref erenced HTEOBERFRLIPSH °€11§_°’1t¥' lf?éo"'%tﬁ“oﬁ EuP%ﬁ ée‘é‘tﬁoF%R]@ BPRREtii PEse ABA

correspondi ngrtoala se@s tasid wherein a physical sector identifier to be given to
the position of a bad sector is sequentially stored as a pseudo logical
sector identifier and a virtual track table for storing the pseudo
logical sector identifier for the bad sector corresponding to the
smallest physical sector identifier for the same track which is included
in said virtual sector table, when seguentially specifying the physical
sector identifier indicating the position of each sector other than the
bad sector included in said track; means for creating a virtual ID table
representing the structure of each sector in a virtual track which
consists of the physical sector identifier for identifying each sector on
said divided track based on said servo area, said position information,
the capacity of the sector crossing said servo area up to the crossing
positioén, and the logical sector identifier, usin§ said table and said
bad sector table; and control means for referencing said virtual ID table
- to determine-a virtual track and virtual sector which correspomd to the
- position identifier of a requested logical sector and determining a
.physical sector corresponding to the determined virtual track and virtual
sector to process for the determined sector.

The disk drive system according to claim 6 is characterized in that said
magnetic head comprises, in the disk drive system according to any one
claim of claims 3 to 5, a recording portion for recording information in
.sald information recording disk and a reading portion spaced apart by a
-_detérmined amount from said raecording portion for reading information
from said information recording disk, the length of the head gap of said
::eading portion being aubatantiaily equal to the length of the head gap
of said recording portion.

The disk drive system according to claim 7 is characterized in that said
magnetic head comprises, in the disk drive system according to any one
claim in claims 3 to 5, a recording portion for recording information in
said information reeéﬁdi;ng digk and a reading portion spaced apart by a
predetermined amount from said recording portion for reading information
from said information recording disk, the length of the head gap of said
reading portion being substantially equal to the width of said track.

The information recording disk according to claim 1 of the invention

includes at least one servo area. This servo area stores position
| This is the replacement shet
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| ogi cal. bl ock address LBA (such as step 104). | nThi{i$heSt®aOBén &I j ment
defect table 40 is used which is described bel ow. bI e 40 is
created during formatti ng descri bed above. In th| M“ﬁﬂ!ﬂﬁwl vi rtual
track is assuned to have 10000H (65536) sectors n of a bad

- sector is specified by virtual track VT an8 vi rtual sector VS. 20 Def ect
tabl e 40 conjnfosmstion fornlidenttictiring ithe €rddit)pok2tiondby imeanal ofse€oorinatance,

a servo pattern, thus allowing a seguence of track positions or multiple
gervo areas on the same track. An area without the servo area has at
least one track. This track is divided by a plurality of sectors having
the same capacities. At least one of such tracks includes a sector
crossing the servo area. To uniquely determining the position of each of
a plurality of sectors, the information recording disk includes a table
representing the relationship among a physical sector identifier for
identifying each sector on said divided track based on said servo area,
said position information, and the capacity of the sector crossing said
servo area up to the érossing position. Using this information recording
disk eliminates the need for recording a sector ID for every sector, thus
Ancreasing the amount of information which can be recorded on the
information recording disk. In addition, since the relationship between
the physical sector identifier and the capacity up to a position where
the servo area is crossed is stored in the table., the target sector can
be readily searched even when there is a sector crossing the servo area.

' The information recording disk according to claim 2 further includes in

. paid information recording disk list storage means for seguentially
storing as a pseudo logical sector identifier a logical sector identifier
to be affixed to a bad sector when seguentially specifying the logical
sector identifier for identifying each sector other than the bad sector
included in the track. Thus the pseudo logical sector identifier is
stored in the bad sector, and even when a read or write request indicates

. a logical sector, a corresponding physical sector can be readily searched
by bimpie processing such as adding a stored aumber of pseudo logical
sector identifiers to the reguested logical sector identifier.

The disk drive system according to claim 3 of the invention, uses an
- information recording disk having at least one track which is divided by
at least cne servo area storing position information for identifying the
track position so that an area excluding said pervo are is divided to
have contiguous sectors having the same capacities. Information is read
.or written in the i:ifg:mation recording disk by a magnetic head. To
uniquely determine the position of each of a plurality of sectors, a
table of the structure of each sector is stored which represents the
relationship among a physical sector identifier for identifying each
sector on said divided track based on the servo area, the position
information, and the capacity of the sector crossing the servo area up to
the crossing position. Furthermore, a list storage means is used to
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table (VST) 44. As shown in Fig. 10, virtual sector table 4
LBAs (corresponding to values PLBA in the first embodi ment) for
sector in an ascendi ng order of absolute bl ock addresses ABA,
a

track table 42 stores values representingsthe order where the snallest
sector belonging to virtual track VT which corresponds to the nunber of
each el enent s'eg.telnbtanqutcﬁach lagdoalfsectart ddentd 6bertotlehadfimed to tavbadyt es,

and the 1 equippgth: g patlad 16Tbat HeloSP YA isdet VhelP8doTbAR fu1T) Upei el

sectors which Is accep e HDD devi ce. , Assum ng the maxi num nunb
i's 1000, vir kB °§é‘é‘!’oP°?%Bﬂ é"% ? F?'ééda“%itfxi%é“e%;f&ef‘?’i/ °&P°’26(96“b‘§k°es
 For exanpl e, bad debeoHaanneaemﬁae ZracnaCcTheretbrd,0 @heBawbydls sedtibri t €N

are position caloulating means can calculate the physical sector position
| identifier for a physical sector which corresponds to a logical sector
identifier bei.ng requested from, for instance, a host computer by
referencing the lisi storage means and adding to the requested logical
sector position identifiers the number of logical sector pogition -
identifieré vwhich is equal to or smaller than the requested logical
sector position identifiers.

‘As described in claim 4, by using the information recording disk
according to claim 2, this table and list storage means can be read from
the information recording disk.

Since the sector ID is not recorded on the information recording disk,
the disk drive system is provided with storage means configured wj.th a
numbe: of stcra.ge ‘elements such as registers for storing the strueture
- and operation of the current sector. This storage means comprises a
f£irst storage means for storing the structure of the current sector, a
second storage means for storing the structure of the next sector, a
thirad sto:ag‘g.__means for storing operation of the current sector, and a
fourth sto:a’ée__. means for storing operation of the next sector. The
.sector de-!:ermi.ning means determines the beginning of a sector based on
- the structuré of the current sector which is stored in the firat storage
" means after identifying the end of the sexrve area by using, for instance,
| a servo sector pulse signal or output signal f£rom ‘the magnetic head.
Thus, the first storage means has stored the structure of the current
‘sector and .ﬁhethe: the remaining portion of the current sector remains at
“the end of the servo area can be determined. When the remaining portion
of the current sector remains there, the beginning of the next sector
begins after the remaining capacity is passed.. When it does not remain,
the beginning of the next.s'ecto: starts immediatély after the end of the
.gservo area. When the beginning of the sector is determined, the control
means exercises control so that the first storage means stores the
structure of the next sector which is stored in the second storage means
and the third storage means stores operation of the next sector which is
stored in the fourth storage means. Consequently the storage means has
stored the structure and operation of the sector at its beginning as
those of the current sector. During processing by the processing means,
This is the replacement she
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bytés. On the other hand, if virtual track table 42 and v
tabl e 44 are not used, three bytes are needed for one bad
defeat table 40 reqU|res a storage capaci 8y of 3000 byt es, thus occupylng:
an extra capacit ng w to the f cha shown i

creation of %PFE ﬁ‘gﬁ %“F;éﬁf ag Ferrtige eg}(/:‘v?l Teﬁ ta’étcaﬁnl he\?%f’?‘é?ﬂ o
tabl e 38 i s tbecsaoond Bnd founthdetarage mebhsy gONtROCEs Ipardrcinedcby lrefexengiing
created for therdniacko WRBE ecﬂehseéml Stok ik BSld btoRlO RS sthlidture b£3GEW it E

request is | osped B, QNS HSYLESS el Uy ana 0SB RULELS: 1Rty 1D

calculated by the physical sector position calculating means and the

sufficient for virtual track table 42 and a storage cap l tes |s
sufficient. Therefore defect table 40 will have a stora

fourth storage means stores operation of the next sector. Therefore, the
structure and operation of the next sector can be stored in the second
and fourth storage means before processing for the current sector is
completed. -The processing means performes processing, e.g. reading a.nd
writing information, for the corresponding sector in accordance with the
structure of the current sector which is stored in the first storage
means and operation of the current sector which is stored in the third
storage means. ' '

. The disk drive system according to claim 5 of the invention reads and
write information in the information recording disk according to claim 1
by using a magnetic head. Therefore the table can be read from the

" information ;:ecordi.ng disk. The bad sector table creating means agsumes
a virtual sector and virtual track which have a predetermined amount of
capacity, respectively, and when sequentially specifying the physical
sector identifier indicating the position of each sector other than the
bad sector included in the track as a logical sector identifier, creates
a bad sector table comsisting of a virtual sector table storing
sequentially':the physical sector identifier to be provided for the
position of the bad sector as a pseudo logical sector identifier and a
‘virtual track table for storing the pseudo logical sector identifier for
the bad sector which eor:espohding to the smallest pliysical sector
identifier on the same track which is contained in said virtual sector

.table. Using this table and the bad sector table, the virtual ID table
creating mea_ns creates a virtual ID table for- representing the structure
of each virtual sector on the virtual track wherein each structure
corresponds to the sector ID, said table consisting of a physical sector
identifier for identifying each sector on said divided track based on the
servo area, position information, the capacity of the sector crossing the
‘servo area up to the créasing position, and a logical sector identifier.
The control means references the virtual ID table to determine a virtuel
track and virtual sector which correspond to a reqguested logical sector
position identifier and determines a corresponding physical sector in the
determined virtual track and virtual sector to exercise control for
processing on the determined sector.

Thi
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creat ed when seek Op%ﬁtsh&mésr};% ﬁw&o the next track after the |ast
sector in the track |s read/ witten. Upon a read request or
wite request issued f W |ce or for the |ogical block address
LBA, which is a sector sp eC|f|ed as the next track, the
virtual track VT and vi rtual sector VS are speC|f|ed by using the fol |l ow ng
equation (4). = LBA/NSEC VT VS = LBAYNSEC VT ...(4) where NSEC VT is the
nunber of se&b® r@gﬁetiq/ head, FompyiseR g zeqqnddngPOrEinn EHT FesArding: ARtarmakion
det er mi ni ng tikhettee 3hebimation rubsradng disk @Gdoa Headidg portlich! spdcelir sdet\dy and

virtual sect %E:eé/i%ieg Aﬁ@'uﬂ@ ﬁowuaig recording portion for reading information from
the information recording disk, as claimed in claim 6. The length of the
head gap of the reading portion can be configured so as tc approximately
conform to the length of the head gap of the recording portion. This
will i.mérove the density of the track width which corresponds to the
information record:!.ﬁg density in the radial direction of the disk. .
Alternately, as described in claim 7, a magnetic head may be used which
is so configured that the length of the head gap of the reading portion
substantially conforms to the track width. This will alsoc improve the
density of the track width which corresponds to the recording density in
the radial direction of the disk.

Embodiments of the invention will now be described, by way of example,
with reference to the accompanying drawings, in which:

Fig. 1 is a, schematic block diagram illustrating the structure of an HDD
device to which the invention is applicable. :

Fig. 2 shows an" image of zones on the disk of the HDD device.
B . i
Flig. 3 shows an image of formatted zones on the disk.

Pig. 4 is a schematic diagram :Lllustrating an example of a track
including ‘bad sectors.

' Fig. 5 is a block diagram illustrating the structure of the HDC of the
- HDD device to which the invention is applicable.

Fig. 6 is a ﬂ_ow chart illustrating the steps for deducing the physical
position of sectors relative to the first embodiment.

Pig. 7 is a flow chart iilusf:rati.ng the steps for sector recognition and
structure determination relative to the first embodiment.

Fig. 8 shows an image of state transitions of a state controller in a
construction of sectors in a predetermined track in predetermined zone

Zn.

Fig. 9 shows an image of state traneitions of the state controller.
This is the replacement.sheet
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satisfies the followi ng equation (5) is determ ned at step 304. 21 VST
[p - 1] <= VS < VST [p] VIT [VT] <= p < VIT [VT + 1] ...(5) where VST [X]
isthe contents of virtual sector table and VIT [x] is the contents of
virtual track table. The determ ned value p corresponds to the nunber of
pseudo LBAs (values PLBA) listed in the d@fect list D LST. Thus, as in

equation (1), adding
" Fig. 10 is a conceptual diagram illustrating the structure of a virtual

sector table and virtual track table relative to the second embodiment.

Fig. 11 is a flow chart illustrating the creation of a virtual ID table
relative to the second embodiment.

Fig. 12 is a flow chart illustrating read and write operation for
information using the virtual ID table relative to the second embodiment.

Fig. 13(a) is a schematic diagram illustrating the recording state of
information in the disk of the prior art HDD device and Fig. 13(b) is a
schematic diagram illustrating the recording state of information in the
disk of the HDD device to which the invention is applicable.

. Fig. 14 is a conceptual diagram illustrating the.positions of an MR
element during write and read operation in a prior art HDD device.
Fig. 15 shows the relation between the amount of off-track and 'read

| error. '
Fig. 16 shows an iiuge of an information-recorded state in a servo area.

Referring to the drawings, embodiments of the present invention will now
be described .tii greater detail. The first embodiment applies the
invention to .HDD device 10 employing a multiple-zone technique wherein a
magnetic recording disk (hereinafter simply referred to as disk) is
divided in thé radial direction into a predetermined number of areas
(referred to as zones) and a sector servo mechanism is used to perform
write and read operation from the inner to the ou'l:er- circle of the disk
at a predetermined line density. ' :

Fig. 1 shows HDD device 10 related to the first embodiment. HDD device 10
is equipped with drive 14 for rotating shaft 12 in a high speed.

Attached to shaft 12 is cylindrical support 16 so that both axes
coincide. On the outer périphery of support 16 a number of (two in Fig.
1) disks 18A and 18B are attached with a predetermined space from each
‘other. Disks 18A and 18B are formed to have predetermined thicknesses,
each of which is made of a hard material with a magnetic material applied
to both surfaces to use them as recording surfaces. In the center of
diske 18A and 18B, a hole is provided which has approximately the same
diametéi' as the outer dimension of support 16, which is inserted into
this hole. Disks 1832 and 18B are fixed at the outer periphery of support

This is the replacementsheet

Date: 11 FEB 1397



the value p to the | ogical block address LBA to determ ne the absol ute

bl ock address ABA (step 306). Next, use the follow ng equation (6) to
det;erm ne the surface nunber HD and cylinder nunber CYL of the magnetic
di sk whi ch contains the absolute bl ock address ABA at step 308. CYL =
ABA/ (NM_HD SCT_TRK) HD = (ABA% NM HD SCT_TRK))/SCT TRK ...(6) where NM HD
i s the nunbe16.of Thesdor@emwhen Bhaft (12 tejuatated by)drime 1D SBKSTLEA mag 1B

ggalctﬂ_e }arga{@%g%{eggs AB %@;—2&% ?g ornfllénrglmu\cggldule;v{ EeTFrKagL ;Bgmfled

I'n these magnetic di sk surface nunber and cylinder nunbers are determ ned

by using On each recording surface of disk 18A and 18B, as shown in Fig. 2, a
plurality of servo areas. 50 are formed radially in the radial direction
of disk 18, with remaining area formed as track region 52. In servo
areas 50, a servo signal (see Fig. 16), e.g. burst pattern, for
indicating the direction of data track arrangement, for instance, is
recorded. Corresponding to data tracks, a special code (e.g. area of
approximatély 1 usec vhere no signal is present) indicating the beginning
of a pattern and a gray code (cyclic binary code) indicating for example
the address of each data track are recorded. 1In the end portion in the
direction of rotation of servo area 50, there is recorded information for
generating sector pulse signal SP indicating the end of servo area 50
(i.e. beginning of a sector). In data track area 52, a number of data
tracks are formed concentrically with pitch P along the radial direction,
and information _:.s written in each data track in the rotation direction

of disk 18 by a magnetic head described below. .

. HDD device 10 is provided with magnetic heads 20A to 20D having
predetermined gap widths and lengths which correspond to recording
surfaces of disks 18A and 18B. Each of magnetic heads 20A to 20D is
configured wit.h-an MR element which includes a read element (not shown)
for reading i‘tleomation and a write element (nét shown) for writing
information. _::‘;;_._-Magnetic heads 20 A to 20 D are attached to the end portion
of access arme 22 A to 22 D, respectively, and retained slightly above
(e.-g. approximately 0.1 to 0.2 micron) corresponding-recording surfaces
of disks 18A to 18B. Each rear end of access arms 22A to 22D is attached
to support 24, which is in turn attached to drive 28 via shaft 26.
Rotation of drive 28 by a predetermined angle will rotate access arms 22a
+o 22D. This rotation of access arms 22A to 22H causes each of magnetic
heads 202 to 2bn to move toward the radial direction on each recording
surface of disks 18A and 18B.

Drive 28 is connected to a hard disk controller (referred to as HDC) 30,
to which the read and write elements (not shown) of magnetic heads 20A to
20D are also connected.

This embodiment defines as a logical block addréas {(or LBA) the numbér of -
a sector to be specified when a read/write reguest is issued by other

devices such as host computers. Also defined as an absolute block address
This is the replacement shee
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the fold ow ng equation (7) at step 310, and for the sector included between
the determ ned maxi num val ue MAX TRK and m ni mum value M N _TRK of the
track, a bad sector defined by virtual track table 42 and virtual sector
table 44 is extracted at step 312. At this time, if the bad sector exists,
the process sets the flag DEF_FL (DEFECT FRAG of virtual 1D table 38 which
corresponds to the current sector. MN TRK = (CYL NM + HD) SCT_TRK MAX TRK

=M N_T{?K + t{iﬁﬂ .aERKt iz the nufiber SbBidhel eqdisteal ; Itm} mﬁew%a&a{&ﬁ ueﬁ&k s]gfwd':ng

nmovenent on e trac see vari,es a predete n ano S om a

Craight 11y pebRSrs L3Flay Barttectied, BEH G ANelEfvall B 3 Eofhon Y

cal cul at ed a@espgéptm, it ie assumed a single sector is formatted with a storage
capacity of 512 bytes.

As shown in Fig. 2, each of disks 182 and 18B is di.vided into zones 20,
21, 22, ..., 2n, vhere n is a predetermined number, and each zone has
previocusly specified information, such as position information. For
example, during manufacturing, zone ZO has a reserved area ranging from a
minimum absolute block address (or MIN ABA) O to a maximum absolute block
address (or MAX ABA) 102399 and cylinders ranging from a minimum cylinder
number (or MIN CYL) O to an end cylinder number (END_CYL) 199, and is
formatted so that the number of sectors per track iscr_TRK) is 128 and
the number of sectors per cylinder (SCT CYL) is 512. Zomne Z1 and later
 have a similar configuration, which is shown in Table 1 below.
Information associated with each zone shown in this table is previously
recorded in place on the disk. By referencing this zone table 32, it is
p&saible to determine from which zone a specified sector starts.

Table' 1

ZONE TABLE _

#ZONE MIN ABA MAX ABA SCT_TRK SCT CYL MIN CYL END_CYL
Z0 O 102399 128 512 0 199
21 102400 191995 112 448 200 399

Z 2 192000 . 345599 96 384 400 799

Z 3 345600 473599 80 320 800 1199

In the present embodiment, since write or read operation is performed
over the disk from the innermost to outermost circle with a predetermined
line density, each zone will have a different storage capacity on disks
18a and 18B by rotation of an identical angle. That is, as shown in Fig.
3(a), when zone 20 has an information storage of the whole capacity of
two sectors (512 x 2 bytes) in data track area 52 between servo areas 50,
zone Zl1, as shown in Fig. 3(b), has an information storage of two-sector
capacity (512 + 384 bytes), zone Z2 has an information storage of
two~gector contents (512 + 256 bytes), as shown in Fig. 3(c), and zone
Z3 has a two—-sector capacity (512 + 128 bytes). Thus the storage
capacity decreases as the disk track reaches the innermost circle. Along-.

with this, a single sector can be divided.
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t he physical sector in virtual ID table 38 which corresponds to the skewis.
used to set the |ogical block address LBA to increase the |ogical block
address LBA for the next sector at step 316. At this tinme, the

correspondi ng sector is skipped if the flag DEF_FL is set. The initial

val ue of | ogical block address is LBA MN TBK - m (mis the nunber of bad
sectors which is smaller than the maxi num value M N TRK of the absol ute

bl ock addr essy{\Rlef Yz thE a28¢d Olini fe) EitRihdht], NendreEk )previodly determined
the relationship among a physical sector number (DT_SCT), servo number
(SV_SCT), sector capacity up to a position where the sector is divided by
servo area 50 (PTR), and information indicating whether a servo area is
present between this sector and the next sector (LAST) for the sector in
each zone. This relationship is indicated as pointer table 34 and shown
in Tables 1 to 5 for examples of zones 20, %1, %2, and Z3. Also other
pointer tables 34 for zone 24 and later are specified at the time of
fabricatidn. Pointer tables 34 for each zone, as shown in Tables 2 to 5
are previously recorded at predetermined positions.

Table 2
POINTER TABLE (ZONE #0)
DT SCT #0 #1 #2 #3 # # ' #127
svescT #0 #0 #1 #1  #2 #2 " 63
PTR 200H 2008 200H 2008 2008 2008 ~ 200H
IAST O ° O 0 0 0 1 1

i
Table 3

* POINTER TAELE (ZONE #1) .
DT SCT #0 #1 42 #3 #4 # #  san

sV.scT #0 #0 #1  #1  #2 #2 #3_  ~ ° #63 PrR  200H
180H 200 100H 2008 O0SOH 200 ~  200H -

ILAST O o o0 0 (] o 1 R |

Table 4

' POINTER TABLE (ZONE #2)

DT_SCT #0 #1  #2 #3 #5395

svscr # #0 #1  #2 #2 #3 " pe3

PTR 200H 100H 2008 2008 1008 2008 ~  200H

LAST 0 0 1 0 0 1 1
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For skew cal cul ation, a skew table representing the anount of skew per
track which is previously recorded in used, along with differences in
devicces such as drives for each HDD device 10. Processing of read and wite
operation to the disk using virtual ID tabk 38 according to.the present
~enbodi rent wi Il now be described with referénce to the flow chart shown in
Fig. 12. Whemablee 5process noves to processing on the | ogical block address

LBA speci fi edobyrer 06 gw?j virtual IDtable 38 is referenced to
determ ne a ghysi cal sector D] SCT_which corresponds to the |ogical bl ock

address LBA GF3%e ¥rget sect®r af3stePt402. Al soft%ference is nade to
virtual 1D tsulscms8#vo read agservéanunker SV_SCT #68 t he determ ned

PTR 2008 080H 100H 180H 2008  200H
LasT o 0 o o 1 1

Now bad sectors will be described. As shown in Pig. 4, when a block
{sector) whose absolute block address ABA corresponds to 03, 08, 09, 15,
16, and 17 is defective, the logical block address skips this defective
sector. For example, the logical block address whose absolute block
address ABA corresponds to 04 is 03. For the skipped bad sector whose
absolute block address ABA is 03, a value assumed to be assigned if it is
not defective (03 in this example) is stored as value PLBA (PSUEDO LBA).
Al)l of stored values PLBA are sequentially stored as defect list D_LST.

Thus, absolute block address ABA can be determined by adding the number
of values PLBA listed in defect list D_LST when logical block address LAB
is specified. For example, when logical block address LBA = 7 is’

- speci.'fied,':the values of defect list D_LST (three values of 03, 07, and
07 in this case) are added to obtain ABA = 7 + 3 = 10,

ABA = LBA + {(number of PLBAs which are equal to or smaller than LBA)
eeo{l) ) '

As shown in Fig. 5, HDC30 has a local CPU (not shown) and includes
registers, ta.{:e controller 68, first data circuit 70, and second data
circuit 72 described below. Registers include register 60 for storing
the structuré of a current sectér (referred to as current sector's
pointer register or CSPR), register 62 for storing the structure of the
next sector (referred to as next sector's pointer register or NSPR),
register 64 for storing operation of the current sector (current sector's
operation register or CSOR), and register 66 for storing operation of the
next sector (néxt sector’s operation register or NSOR). These registers
. CSPR60, NSPR62, CSOR64, and NSOR66 are connected to local CPU (not shown)
bus 74 so that data can be transferred to each other.
State controller 68 is a circuit for controlling the states in which
HDC30 is operative. These states include dead state 80 where HDC30
operation is prevented due to, for instance, a non-recording area of disk

sector, idle state 82 in which operation of HDC 30 is paused, first data
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physi cat sector DT_SCT, and the process waits for the conpletion of reading
by the nmagnetic head of the servo area 50 being decrenented by 1 (SV_SCT -
1) at step 404. Then a sector pulse signal SP is input and a capacity PTR
is set when the end of the servo area 50 gecrenented by 1 is reached (step
406). Next an instruction for read or wite operation is issued to HDC30 at
step 408. Wuataters4 hl.adiatgag thecstatecod siata icontalinatielny aasinglet setoe CLmmm

pul se si gnal {,3P Ib%%?g?ﬁ W £ eﬁal??ﬁ @wsaef&eggdogg dda LeOggunber

SVSCTlnthev answerls positive, the Ia DNT_FL

i s set at stiligabing the HE‘%%‘F“I‘S%@&&GW ’H‘?é of agswepteq@rr&i@a at

step 414. divided by servo area 50. This state controller 68 is connected to
registers CSPR60 and CSOR64 and also connected to first data circuit 70
and second data circuit 72 which are provided for temporarily retaining

data.

Referring now to figures, operation of HDD device 10 according to the
present invention will be described. As noted above, BEDD device 10 of
the invention has disks without the sector ID recorded per sector.
First deduction of the physical position of target sectors will be
described with reference to the flow chart shown in Fig_. 6. A host
device specifies a logical block address LBA which is a sector number to

- . HDC30 along with a data write or read request (step 102). HDC30

references the defect list D_LST described above, and using equation (1),
calculates an absolute block address ABA for all sectors including bad

. pectors which corresponds to the spec:l.fied logic block address I.BA at
step 104. For example, in Fig. 4, when logical block address I.BAO? is
"specified, ‘absolute block address ABA = 10 is calculated. Next HDC30
references zone table 32 (Table 1) to determine zone Zn where the
calculated absolute block address ABA belongs (step 106). Then a
physical position in determined gzone Zn is deduced as follows (step 108).

Assuming the ""li"'ost device requests for reading sectors from #L to #M for a
- -logical block address LEA. Then a corresponding absolute block address
ABA is calculated as #N and zone 2Zn it belongs is determined as #2.
Furthermore, it is assumed that the first absolute block address ABA is
: 'MIN ABA (#Z) and the first cylinder is MIN CYL (#2). In this case, an
absolute block address ABA (#N) can be :epresented in the following
-equation (2). ;

#N = $ZN + MIN ABA (#3) ...(2)

where $2N is the sector serial number in zone #Z which corresponds to #L
-of logical block address LBA. '

The sector serial number #ZN can be represented in the following equation

(3).

#2ZN = #8
+ (SCT_TRK (#3) "#HD)

+ (SCT_CYL (#Z) #2CYL) ...(3
= (%) ) ) This is the replacement: shee
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This flsag DNT_FL i ndi cates whether -the next sector's information is to be
read or information is to be witten in the next sector. If this flag is
being set, read or wite operation is nade fromthe beginning of the next
sector. If this flag is being reset, the next sector is skipped. The steps
descri bed above correspond to steps 202 tl® 216 in Fi g. 7. Reaching the '

begi Nni Ng 0fnéhe sERUIM (#8) LWl niuberGt!lsebtdtd) pEiCI2adt int O6hed ¥6 dva nove
t he correspondin si,cal_ bl ock agéiress i n wrtg |. I D,table (step 418),
and the corf d AR SERECTRLPRR SEMYE ™ FPBRK Uddr ess i n

virtual IDtable 38 is set in HDC30 for the next sector at step 420. The

processing 4fsaddoRey ARO¥EZRALEGIPORI Spbdiulb WRRR dirBYs MBRROHN), Otne
surface number (HD number), cylinder number (CY¥L number), and sector
number (SCT number) of a magnetic disk will be as follows:

CYL number = #CYL = #MIK_C!L (#2) + #2CYL
HD number = #HD
SCT number = S

Based on a physical position calculated as above, seek operation is
performed by switching and moving the head to a target cylinder (step
110). '

. Next, sector recognition/structure determination will be described with
reference to Fig. 7.

When a sector pulse signal SP indicating that servo area 50 is ended is
‘input at step 202, current sector's pointer register CSPRE60 is read at
step 204, and it is determined at step 206 whether sector capacity PTR up
to a position where the current sector is divided by servo area 50 is 0
or not. '

If the decimion is positive, i.e. no division occurs, then the contents

of next sector's pointer register NSPR62 is stored in CSPR60 at step 210,
sector processing such as read and write is performed immediately after
the sector pulse signal SP at step 212. On the other hand, if the
decision is negative, the later section of the divided sector immediately
follows the sector pulse signal SP. Then after the capacity indicated by
the sector capacity PTR is passed (step 208), the contents of NSPR62 is
stored in CSPR60 (step 214), and sector processing after sector capacity
PTR being passed follows (step 216).

‘When processing is not completed for all sectors at step 218, it is
determined whether information LAST indicating the presence or absence of
servo area 50 between the current sector and next sector is 0 or not
{step 220). If the answer is positive, i.e. LAST = 0, then there exists
another sector immediately after the current sector. The contents of
NSPR62 is then stored in CSPR60 at step 222, and sector processing is

performed immediately after sector pulse signal SP at step 224. Then
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referencing -pointer table 34 at a predetermned tinme in an updatable state,
to store the next structure information in NSPRG62. 23 Wth reference to
virtual ID table 38 being noved, the process determ nes whether the next
sector is a bad sector or not. at step 422. %f the decision is positive,

. flag DNT_FL is reset before step 416 is r étur ned (step 424). If the
decision is pggabhleis kbatknddTed ffo:ﬁeéhebﬁi&;eepﬁéﬁisﬂé@ un€il QI s&stokst ep

426). This pggge"%si A .i So:i eatt% Lgla:[n i.afl Jthgargveléz is negative, i.e. LAST =/
0, then another sector is abgent in the current servo sector. The
process returns to step 202, where sector pulse signal SP is waited for
proceseing the next sector.

During processing for read or write operation (steps 212, 216, and 222),
since the contents of NSPR62 is stored in CSPR60, NSPR62 can be updated.
Then the local CPU references pointer table 34 at a predetermined time
during said processing to store information on the next structure in

NSPR62.

In this manner, the sector position can be recognized only with sector
pulse signal SP even if no sector ID exists on the disk.

Said processing for read or write operation, i.e. operation. on sectors
includes reading from sectors (READ), writing in sectors (WRITE), passing
through a cor:eaponding sector (SKIP), and temporary halt of processing
(STOP), which are processed by referencing current sector's operation
- register CSOR64. Similarly as sector recognition/structure determination
described above, next sector's operation register NSOR66 can be specified
during processing of the current sector. Thus, at the beginning of each
sector, the contents of NSOR66 is stored in CSOR64 and thereafter it is
possible to update the contents of NSOR66. Therefore, during processing
-of the currex'i'i sector, NSOR66 can be specified.

Said sector recognition and structure determination as well as operation
on sectors will now be further described with reference to Figs. 8 and 9.

Fig. shows an image of the sector structure on a'predetermined track in
predetermined zone Zn and transition of the state of state controller 68.
During start up of HDC30, state controller 68 is in dead state 80. It
changes to idle state 82 when HDC30 initiates control (see arrow Sl in
Fig. 9), and remains in this state until the sector pulse signal SP is
detected. Upon detection of sector pulse signal SP, based on sector
capacity PTR (up to a position where the current sector is divided by
gservo area 50) stored in CSPR60, state controller 68 moves to first data
state 84 or second data state 86. That is, since PTR = 0 indicates that
the sector to be read or written is in its beginning, state controller 68 -
moves to first data state 84 (see arrow S2 in Fig. 9). On the other
hand, if PTR =/ 0, state controller 68 moves to second data state 86
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sectors are covered (step 428). In this manner, the present enbodi nent
allows the sector IDto be created by a defect table even with a track
where no other sectors are contiguous than those having recorded the data
whi ch are not recorded in every sector on %he disk, or with a track where a
. sector is divided by the servo area. Si ncd using a virtual ID table

correspondi N abe éﬂaelswzt ?Brdi@ﬁp&f msserehsr 3hspiddent M6k addiesdedobyt he

di sk to be determ ned ormati o a ed ead or witten to the sector
bei ng r equedteEY° f{FeR ﬁ%s‘t’ to[Earired % ?‘ﬂ(r)k(ﬁg o’nsum ng an extra menory el ements
or capacities. The table described above may be recorded in the boot track
~in a predet efsTuBesh ¥l i3 Ea0Uatl Grdte o Sia BBctdOERShdLEy M BF @) €Réh ithe
the current sector is divided. Therefore, state controller 68 receives halt
gignal S11 from first data circuit 70 (see FPig. 5) after operation on the
former portion is completed, and then moves to idle state 82 (see arrow
S4 in Fig. 9). At this time, if information LAST = 1, end signal S12 in
inputted from first data circuit 70 in state controller 68 (see Fig. 5)
after operation on one sector is completed, then idle state 82 is
entered.
If processing for a aingle sector is completed and information LAST = O,
then the next sector'ia contiguous, and first data state 84 is again
entered (see arrow S5 in Fig. 9). At this time, if a stop data indicating
 the end of processing by HDC 30 is stored in CSOR64, dead state 80 is
entered (see arrow 86 in Fig. 9). .

- When HDC30 is in second data state 86 and information LAST = 0, t:he next
sector :Eollows the divided current sector. Then first data state 84 is

: entezed (see arrow 87 in Fig. 9) after operation on the second data is
completed. When information LAST =/ 0, servo area 50 follows the divided
current sector. Thus, after operation on the second data is completed,
idle state 82 is entered (see arrow 88 in Fig. 9). At this time, if the
stop data inﬁ.i_._cating_ the end of processing by HDC 30 is stored in current
_sector's operation register CSOR64, dead state B0 is entered (see arrow
59 in Fig. 9). |

Operating the magnetic head in accordance with this state of HDC30 allows
read and write cperation to the sector which has no sector ID on the
disk. Repeating these steps allows read and w:i.te operation of all
desired sectors. .

The second embodiment will now be described in greater detail which uses
a virtual ID table (VIT) which corresponds to the sector ID to accomplish
write and read operation to the disk without using the sector ID recorded
on the disk. The second embodiment has similar configuration with the
£irst embodiment, and identical numerals are used to designate identizal
elements.

To accomplish read and write operation to the disk without using the
sector ID recorded on the disk, it ie necessary to provide information
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HDD devi ce. As descri bed above, using HDD device 10 elim nates the need for
recording the sector ID. .Thus, it is possible to read and wite information
eveh when the anmount of information increases which can be recorded on the
di sk. The nmagnetic head, as-in the aforemligtioned enbodi nents, conprises an
MR elenment. It is well known in the art that its witing portion for

recor di ng i RihgENRicroeepdnts 0 €he Geptdr IDN Vigtudlean taple nfvaryeds ascoxaingl set

il r 6t on ofte, FE doBRR fnediedns YoYE ol RERHREE orbOlMd ol Vhe! LR oot

it turns ar d@ninfermakion,sand gscoshevnain Zaklen §i keiove isha table combining
pointer table 34 according to the first embodiment with logical block
address LBA and information FLAG. ¥For the values of logical block
address 1L.BA, the least significant bytes are used since there is no
variation in higher bytes. Information FLAG is represented by one byte
and configured with flag ETR FL (EOT FLAG) to be set if bit 0 is the last
sector in a track, flag DEF_FL (DEFECT FLAG) to be set if bit 1 is a bad
sector, flag RES_FL (REASSIGN FLAG) to be set if bit 2 corrupts after
shipping to become unusable, and flag ETB_FL (EOTBL FLAG) to be set if
bit 7 is the last element of virtual ID table 38.

Table 6
. Virtual ID table (VID)

Drsor #0 #1 42 $3 #4 #5 #6 489

SVSCT #0 #0 #1 #1 #2 #2 #3 T #59

: PTR 0OH 338 80H OOH 338 80H OOH  80H .
LBA 55 S56H FFE OOH Ol FFH 028  FFH

‘FLAG OOH OlH O02H OOR OOR O02H O4E ~ 82N

Since servo area 50 on the disk permits servo number SV_SCT to be
detected, comparing this servo number SV_SCT with servo number SV_SCT on
virtual ID ta;_hle 38 allows detection of current physical sector number
DT_SCT (details described below).

"Since no sector ID is recorded on the disk according to said embodiment,
‘the format for formulating the disk is considered only for recording data
over the entire surface of the disk. Any bad sector contained in this
disk is recorded in a predetermined cylinder previously specified by
defect list D_LST. ' |

In said embodiment, defect list D _LST is referenced and equation (1) is
used to calculate absolute block address ABA corresponding to a specified
logical block address LBA (such as step 104). In the second embodiment,
defect table 40 is used which is described below. This defect table 40
is created during formatting described above.

In this embodiment, a virtual track is assumed to have 10000H (65536)
sectors, and the position of a bad sector is specified by virtual track

VT and virtual sector Vs.
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witing and reading portions for novenent (see Fig. 1), this offset wll
vary in the radial direction with the turn angle. In viewof this, in a
conventional HDD device, different set positions of the MR el enent have
been used to accommobdate both read operation (RD) and wite operation (\RI)
- so that the corresponding rraghetic head i1 @0positioned i medi ately above the
desired data area. For exanp I n magnetic head 20A, as shown in Fig. 14,

the MR el enPRfests table 40 FW&?Q WAFtupti $5ack EARIAeNTT) 043 @nd, sisspal (Rpotor
|bnf or mat |don table (¥80) @ . | BTBRbw) dnf Xig. BB vEtkuanf cuc.;eaklmmru %ﬁaﬁéﬂ apart
y a-predet e I OAis
Y 2, DAt Sl ol N ol £5 VAs0RF st ) L s Bbb e 5200
) had sector in an ascending order of absolute block addresses ABA, and
virtual track table 42 stores values representing the order where the
smaliest bad sector belonging to virtual track VT which oorresponds to

the number of each element is located.

Each item of virtual sector table 44 is two bytes, and the required
number of items corresponds to the maximum number of bad sectors which is
acceptable for the EDD device. Assuming the maximum number is 1000,
virtual sector table 44 requires a storage capacity of 2000 bytes. For
oxamp:!.e, if the HDD device has a capacity of 500 megabytes, 18 items are
pufficient for virtual track table 42 and a storage capacity of 36 bytes

' -is sufficient. Therefore defect table 40 will have a storage capacity of
2036 bytes. On the other hand, if virtual track table 42 and virtual
.sector table 44 are not used, three bytes are needed for one bad sector.
Then defect table 40 requires a storage capacity of 3000 bytes, thus
occupying an extra capacity.

Referring now to the flow chart shown in Fig. 11, creation of virtual ID
table 38 will be described in detail. Virtual ID table 38 is created by
using defect table 40 described above. It is also created for the track
where the beginning sector belongs, when a read/write request is issued
.by other devioes such as host computers. Or virtual ID table 38 is

 ‘created when seek operation transits to the next track after the last
sector in the track is processed or read/written. .

Upon a read request or write request issued from a host device, or for
the logical block address LBA, which is a sector number, being specified
as the next trnok, the virtual track VI and virtual sector VS are
specified by using the following eguation (4). '

VT = LBA/NSEC_VT

VS = LBASNSEC VT ...{4)

where NSEC VT is the number of sectors per virtual track (= 10000E), and
% is an operator for determining the residue of division.

Using a specified virtual track VI and virtual sector VS, a value p which
satisfies the following equation (5) is determined at step 304.
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24 imedi atel y above center line 54A of the track. During wite operation
(WRT), magnetic head 20A is |located so that witing elenent 90 is
posi tioned i nmedi ately above center |ine 54A of the track. In the prior art

HDD devi ce,

since the sector.ID nmust be read fromthe disk, it is necessary

for the reading portion to read the sector2i D even during wite operation
(WRT). Thus tyse ppn-vgptﬁovgk nrggr[@t]i c head has been configured so that it

can read the

each head gap

LL r*,ﬂg |t g of .information (WRT). The | ength of
gﬁ{;een gt Criem 5’8 ...(5i
where VST [x] is the contents of wvirtual sector table and VIT [x] is the
contents of virtual track table.

The determined value p corresponds to the number of pseudo LBAs (values
PLBA) listed in the defect list D _LST. Thus, as in equation (1), adding

" the value P to the logical block address LBA to determine the absolute

block address ABA {step 306). Next, use the following equation (6} to
determine the surface number HD and cylinder number CYL of the magnetic

.disk which contains the absolute block address ABA at step 308.

CYL = ABA/(NM_HD SCT _TRK)

HD = (ABAS(NM_HD SCT_TRK))/SCT_TRK ...(6)

where NM HD is the number of heads per track. In equation (§),
NM_HD SCT_TRK may be SCT _CYL. '

the maximum' value MAX TRK and minimum value MIN TRK of the abs'olute block
addreas ABA for the sector included in the track specified in these

: magnet:l.c di.sk surface number and cylinder numbers are determined by using

the following equat_.i.on (7) st step 310, and for the sector included
between the determined maximum value MAX TRK and minimum value MIN_TRK of

' the track, a bad sector defined by virtual track table 42 and virtual

sector table 44 is extracted at step 312. At this time, if the bad

. sector exists, the process sets the flag DEF_FL (DEFECT FLAG) of virtual |

ID table 38 which corresponds to the current sector.

MIN_TRK = (CYL NM HD + HD) SCT_TRK

"MAX_TRK = MIN TRK + SCT TRK - 1 ...(7)

Since the disk rotates constantly and during movement on the track (seek)
varies by a predetermined amount (skew) from a straight line in the
radial direction, the skew on the target track is calculated at step 314,
the physical sector in virtual ID table 38 which corresponds to the skew
is used to set the logical block address LBA to increase the logical
block address LBA for the next sector at step 316. At this time, the
corresponding sector is skipped if the flag DEF_FL is set.

The initial value of logical block address is LBA MIN TRK - m (m is the
number of bad sectors which is smaller than the maximum value MIN _TRK of
the absolute block address ABA for the sector included in the track)
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that read operation is possible even when the position of the nmagnetic head
Is offset fromthe position specified by a track width TRKw toward the
radial direction of the disk . As an indicator which takes into account the
rel ati on between this anmount of off-track d error rate during read
operation, there is OFF TRACK Perfor mance Error Rate Bathtub. Using this
ijnd! cato rT .hal PORNBkEN damé&wwgn&%wtmadxéﬁehegml;] i’:@ll aRGurtd E:]:‘.t hﬁed-lﬁﬁ}: g

evi ce. e e ghet | e [ ted, by .t he g e hea

Gap of reaq RN webrl Ry yeotéed 18| dtar ikl witlO b dtialels 12

appr oxi mat el §eviceniauchirs Wrilves §or taagh |EiDD4dewige Hhvount of error becomnes

m ni rum and characteristic curve 94 will indicate the anmount of error
whi ch linearly i0Cleases ot hd e &mOuNt e 0ln Ul eid %Kk using virtual Ip table

38 according to the present embodiment will now be described with
reference to the flow chart shown in Fig. 12.

When the process moves to processing on the logical block address LBA
specified by a host device, virtual ID table 38 is referenced to
-detérm:l.ne a physical sector DT_SCT which corresponds to the logical block
address LBA of the target sector at step 402. Also reference is made to
~virtual ID table 38 to read a servo number SV_SCT in the determined
physical sector DT _SCT, and the process waits for the completion of
reading by the magnetic head of the servo area 50 being decremented by 1
(8V_SCT -~ 1) at step 204. Then a sector pulse signal SP is input and a
capacity PTR is set when the end of the servo area 50 decremented by 1 is

- reached { sté_p 406)., Next an instruction for read or write opekat_ion is
issued to HDC30 at step 408, ' i

ﬂ__hether the target sector exists immediately after the sector pulse
signal SP is determined at step 410 by referencing the servo number
SV_SCT in the virtual ID table. If the answer is positive, the flag
DNT_FL is set:at step 412. If the answer is negative, the flag DNT FL is
reset at step 414. '

This flag DNT_FL indicates whether the next sector's information is to be
read or information is to be written in the next sector. If this flag is
' being set, read or write operation is made from the beginning of the next
‘sector. If this flag is being reset, the next sector is skipped.

The steps described above correspond to steps 202 to 216 in Fig. 7.
Reaching the beginning of the sector, a signal is input from HDC30 at
step 416 to move the correéponding physical block address in virtual ID
- table 38 (step 418) , and the corresponding information of the moved
physical block address in virtual ID table 38 is set in HDC30 for the
next sector at step 420.

The processing described above corresponds to processing by NSPR62 for
referencing pointer table 34 at a predetermined time in an updatable
gstate, to store the next structure information in NSPR62.
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Therefeore, the magnetic head is designed to have a characteristic curve 94
I ndi.cating a | ower anmount of error over a w de range (so-called w der
bat-ht ub). Conventionally, in view of this, the length of the head gap of
wite elenent 90 (referred to as gap Ieng&? WIw) has been made | onger than.
- the gap length RDw. However, since the sighal-to-noise ratio is
proportionalwith réfergace [tengirtukD/ID tilsiel 88ibieing moeed; theaprceasd [dekbymines

defined to SQ:M: EH@E&”P&”L% a‘é&é&r o:q& af GUULT£5,. 2 1PRHET 9ap

| engt h V\7I'w( u However., a g ngt h w W | 177 ncrease
the track w G?qa»ﬂm\ﬁfﬂ DPRELVR féﬂ%é’ﬂ'ﬂn@d Prﬁ?Pe é?ﬁ?ﬁfe #tep 16 is Feturnesh
recordi ng de(éiepy424).t hes kadi deisidnCis ineGatiivel Nlagi O¥¢_FL is set before step

416 is returned (step 426). This processing is repeated until all target
sectors are covered (step 428).

In this manner, the present embodiment allows the sector ID to be created
by a defect table even with a track where no other sectors are contiguous
than those having recorded the data which are not recorded in every
sector on the disk, or with a track where a sector is divided by the
servo area. Since using a virtual ID table corresponding to the sector ID
permits the absolute block address of the disk to be determined,
information can be read or written to the sector being requested by a
_host device without consuming an extra memory elements or capacities.

The table described above may be recorded in the boot track in a
predetermined cylinder on the disk, or be stored in ROM provided in the
HDD device.

As described above, using HDD device 10 eliminates the need for recording
the sector ID. Thus, it is possible to read and write information even
when the amount of information increases which can be recorded on the
disk. L

The magnetic head, as in the aforementioned embodiments, comprises an MR
element. It is well known in the art that its writing portion for
recording information and reading portion for reading information is
offset by a predetermined amount (e.g. several micrometers) toward the
radial direction of the disk. Thus, when the magnetic head is so
configured that it turns around an axis assumed as an extension to the

_ writing and reading portions for movement (see Fig. 1), this offset will
vary in the radial direction with the turn angle. In view of this, in a
conventional HDD device, different set positions of the MR element have
been used to accommodate both read operation (RD) and write operation
(WRT) so that the corresponding magnetic head is positioned immediately
above the desired data area. For example, in magnetic head 20A, as shown
in Fig. 14, the MR element is so configured that writing element 90 for
recording information and reading element 92 for reading information are
epaced apart by a predetermined amount. During read operation (RD),
magnetic head 20A is located so that reading element 92 is positioned
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HDD device 10 to which the present invention is applicable does not require
any sector IDto be recorded on the disk. Conparing a conventional HDD

dewi ce with HDD device 10 according to the invention, data is witten in
the recording area with a predeterm ned ofjfyset in relation to the sector ID
recording area for a single sector (see Fig. 13(a)) in the conventional HDD
devi ce, whi |igmedig¥ely dabaveccer@en cioeds4hgof thehtracky cMurdng write apemabion

witten in ajyreNeGhagReoic hsh 2086 (o6l db that Rarktink@i&dedtCs0 ti*%e
rragnet i ¢ head sg foxgg gmne%iggetl ul rcentet line 54a of the track.

In the prior art HDD device, since the sector ID must be read from thé
disk, it is necessary for the reading portion to read the sector ID even
during write coperation (WRT). Thus the conventional magnetic head has
bheen configured so that it can read the sector ID during writing of
information (WRT). The length of each head gap has been determined so
that read oﬁeration is possible even when the position of the magnetic
head is offset from the position specified by a track width TREKw toward
the radial direction of the disk . As an indicator which takes into
account the relation between this amount of off-track and error ra.té
during read operation, there is OFF TRACK Performance or Error Rate
Bathtub.  Using this indicator allows an optimm' magnetic head to be
configured for the HDD device. Then, when magnetic head 20A regulated by
the length of the head gap of read element 92 (referred to as gap length

- RDw) is locidted approximately within the width of track 54, the amount of

. error becomes minimum, and characteristic curve 94 will indicate the

. amount of error which linearly increases with the amount of off-track.
i'hex:efcre, the magnetic head ip desighed to have a characteristic curve
94 indicating a lower amount of error over a wide range (Bo—called wider
bathtub). Conventionally, in view of thi.s,' the length of the head gap of
write element .90 (referred to as gap length WIw) has been made longer
than the gap length RDw.

However, ‘since the sigxialdto-nbi.se ratio is proportional to the gap

" length RDw, the limit value of gap length RDw is defined to maintain a
‘minimum amount of error. This reguires a longer gap length WIw (e.g. 1.0
'um). However, a longer gap length WIw will increase the track width
'TRKw. This has precluded improvement of the information recording
dengity in the radial direction of the disk.

HDD device 10 to which the present invention is applicable does not
.require any sector ID to be recorded on the disk. Comparing a
conventional HDD device with HDD device 10 according to the invention,
data is written in the recording area with a predetermined offget in
relation to the sector ID recording area for a single sector (see Fig.
13(a)) in the conventional HDD device, while in HDD devicé 10 according
to the invention, data can be written in aligned recording areas (see
Fig. 13(b)). Therefore, the magnetic head design does not require
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25 considerations for obtaining a wider bathtub, and the gap | ength Wiw can
be specified up to a length approximately conforming to the gap | ength RDw.
The present inventor has found that the information recording density in
the radial direction of the disk inproves gpproximately over 10%in HDD

- device 10 according to the invention in conparison with the prior art HDD
devi ce whi ch densidexghieriec fiox ebbiiniog awiderx babhtvby and)thengapylength s can
head desi gn et Bpddiei&diip! €6 & h!e:\q&w Siekinad1plcoledniny Qo BRe Yép f&g%hown

in Fig. 16, the servo area 50 includes servo si gnal 94A and servo signal
94B wherein, 38t instance, a burst pattern is formed in a

The present inventor has found that the information recording density in
the radial direction of the disk improves approximately over 10% in HDD
device 10 according to the invention in comparison with the prior art HDD
device which has a gap length WI'w of approximately 1.0 um, by a magnetic
head design with the gap length WTw specified at 0.5 um or below. -

As shown in Fig. 16, the servo area 50 includes servo signal 94A and
gervo signal 94B wherein, for instance, a burst pattern is formed in a
staggered fashion in the radial direction of the disk. Normally, to
obtain position information from the servo area 50, the read element of
the magnetic head ie located so that it crosses this staggered servo
signal 94 A and servo asignal 94B. Thus, with a relative relationship
between the gap length RDw of the read element and track width TRKw,
detection of the servo signal will decrease with the amount of off-track
of the magnetic head, and when the gap length RDw is extremely smaller

. than the £rack width TREw, only a slight off-track makes it impossible to
obtain position information. Conseguently, positioning accuracy must be,
higher and in some cases position information cannot be obtained.

As above-described, HDD device 10 to which the position invention is
applicable does not require the sector ID to be recorded on the disk,
thus allowing data to be written in aligned recording areas (see Fig. _
13(b)). Therefore, as a condition of the magnetic head which is required
for obtaining position information from the servo area 50, only an offset
in spacing between the read and write elements during turning of arms
should be considered. It is not necessary to consider the amount of
off-track cau_sed by specifying the magnetic head at different positions
during read and write operation. Then, the gap length RDw can be
ppecified up to a length approximately conforming to the track width
TREKw. This will provide an increased track density in the radial
direction of the disk for HDD device 10 according to the present
invention.

2s described above, by using the information recording disk in accordance
with the present invention, information such as the structure of each
sector can be referenced and the sector structure can readily be

recognized even when data—only sectors are adjacent or a sector crosses
This is the replacement shie
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staggeted fashion in the radial direction of the disk. Normally, to obtain
posiition information fromthe servo area 50, the read el enment of the

magnetic head is |ocated so that it crosses this staggered servo signal 94
A and servo signal 94B. Thus, with a relative rel ationship between the gap
| ength RDw of the read el enment and track W@6dth TRKw, detection of the servo

signal wll decrease with the anmount of off-track of the nmagnetic head and -
when the gap, Q%ls ftd I | oo SSFR L0 Jeérd LAE adVafltdke
onlyasllght of tr esfﬂgﬁégsésq%wen &Ea?n Oglgtlonl OI‘IT&'[IOI’I

Consequent | yinGsgased smewRf 9f cjcﬂfaﬂatﬁﬁ% whigh igap ke rerorded H‘éec%&f@?“ti“
posi tion i nfreceetiimn déavnot be obtai ned. As above-descri bed, HDD device 10
to which the position invention is
Moreover, by using the disk drive system according to the present
invention, read and write operation can be performed efficiently with
less resources since storage means such as registers store the structure
and operation of the current and next sectors. ' a

A further advantage of the present invention is that more information can
be handled without consuming extra storage on the hard disk drive device
or information recording disk, since a regquested sector can be determined
by using a virtual ID table created with a bad sector table concerning

. any bad sector on the information recording disk,

A still another advantage offered by the present invention is that the
track density in the radial direction of the disk can be increased by
configuring the head gap length of the read portion to be approximately

' -equal to the head gap length of the write portion or designing the head
gap of the read portion to have substantially the same dimension with the
track width.
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appl i cabl e does not reguire-the-seetor IDto be recorded on the disk, thus

allowing data to be witten in ali ned recording areas (see Fig. 13(b)).
Therefore, as a co o affgnetic head which in required for

obt ai ni ng position 1“ mthe servo area 50, only an offset in |
spaci ng between the el ementys during turning of arns should
be considered. It is not necessary tlo conSider the amount of off-track
caused by specifying the nagnetic head at different positions during read
and wite operation. Then, the gap | engt &M can be specified up to a

| ength approximately conformng to the track width TRKw. This w Il "provide

an i ncreasedlt rack &Eéﬁ‘%%éﬁohnrécgg?{n%dEﬂk g&ﬂp@%lﬂ? of the disk for HDD

devi ce 10 acCordi ng e presen

at least one gervo area which stores position information for identifying
the track poeition;

at least one track wherein an area without said servo area is divided by
a plurality of sectors, which includes at least one sector which crosses
said servo area, each of sald plurality of sectors having the same
capacity; and

a table representing the relationship among a physical sector identifier
for idéntifying each sector on said divided track based on said servo
area, said position information, and the capacity of the sector crossing
said servo area, said capacity covering up to the crossing position, for
uniquely identifying each posi.tidn of a plurality of sectors.

2. A information recording disk comprisings:

at least one servo area whichk stores position information for identifying
the track position;

at least one track wherein an area without said servo area is divided by
a plurality of sectors, which includes at least one sector crossing said
servo area, each of said plurality of sectors having the same capacity;

a table representing the relationship among a physical sector identifier
 for identifying each sector on said divided track based on said servo
area, said position information, and the capacity of the sector crossing
sald servo area, sald capacity covering up to-the crossing position, for
uniquely identifying each position of a plurality of sectors; and

a list storage means for successively storing as a pseudo logical sector
" identifier a logical sector identifier which should be given to a bad
sector when successively specifying a logical sector identifier for
identifying each sector other than any bad sector contained in said
track.

3. A disk drive system comprising:
S This is the replacement sheet
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I nvention. As described above, by using the mfornmssg tﬁa% glsk I n

accardance wth the present invention, |nforrrat|on Plcture of
each sector can be referenced and the sector struct E‘i y be
recogni zed even when data-only sectors are agdj acent rosses

26 the servo area. Thus, the present inventTon offers _the advant age 'of an
- increased amyyinfirmaBicd FeboRTInY diGR Ki¥ing St 2644t]6fe itkatP AiviA6d BBt 4N

least one servo area storing position information for identifying the
track position and wherein an area without said servo area is divided so
that sectors having the same capacities are successively located;

a magnetic head for reading and writing information in said information
recording disk;

storage means consisting of a first storage meahs for storing the current
aector'é structure, a second storage means for storing the next sector's
structure, and a third storage means for storing the current sector's
operation; '

a table storing the structure of each sector which represents the
relationship among a physical sector identifier for identifying each
sector on said divided track based on said servo area, said position
information, and the capacity of the sector crossing said servo area,
said capacity covering up to the crossing position, for uniquély
identifying each position of a plurality of sectors;

" a 111: stéra.ge means for successively storing as a pseudo logical sector
1 identifier a logical sector identifier which should be given to a bad
sector when successively specifying a logical sector identifier for

i identifying each sector other than any bad sector contained in said
track;

'_means for caloulating the physical sector position by referencing said
list storage means to read the number of logical sector position
identifiers which is equal to or smaller than requested logical sector
position identifiers, and adding the number be:f.ng read to the requested
logical sector position identifiers to calculate physical sector position
identifiers for the physical sectors cor:espoi:ding to the requested
logical sector identifiers;

means for processing sectors in accordance with the current sector's
- structure stored in said first storage means and the current sector's
operation stored in said third storage means;

means for identifying the beginning of a sector based on the current
sector’s structure stored in said first storage means after identifying
the end of said servo area by using an output signal f£rom said magnetic

head; and
This is th tacement shest
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recordisng di sk. Mreover, by using the disk drive system 'stem accor di ng to the
present invention, read and write operation can -Bg ek ismsaRephdedci ent | y
with | ess resources since storage nmeans such as r t he
structure and operation of the current and next s m““ M

advant age of the present invention is that29mre'| l'on can be hand! ed
W t hout consum ng extra storage on the hard di sk dr|ve devi ce or

I nforrmtlont esﬁardiwﬂgféhﬁkex&émn d&ﬂb%sgssh %tam i %'mnaeoﬁmrmm ing |
sector on ¢ niArHginY #a AR Bth Firth Srcrie JRRRR SHREOR He i, PACR O or od
by the presestructueatstoned sint hald sagond storage means and said third storage
means stores the next sector's operation stored in a fourth storage
means, and that said second storage means stores the structure of the
next sector including the physical sector position identifier calculated -
by said physical sector position calculating means by referencing said
table during processing by said processing means and said fourth storage
means stores the next sector's operatiom.

4., A disk drive system comprisings
said information recording disk according to claim 2;

a magnetic disk for reading and w:iting'infomaﬁion in said information
recording disk;
storage means consisting of a first storage means for storing the current
sector's structure, a second storage means for storing the next sector's

-gtructure, a third storage means for storing the gurrent sector's
operation, and a fourth storage means for storing the next saector's
. operation; : '

means for calculating the physical sector position by referencing said
-Iist sto:age means to read the mber of logi.cal sector position
identifiers which is equal to or smal:l.er than requested logical sector
position identifiers, and adding the number being read to the reguested
- logical sector position identifiers to calculate physical sector position
identifiers for the physical sectors corresponding to the requested
logical sector identifiers; '

means for processing sectors in accordance with the current sector's
structure stored in said first storage means and the current sector's
. operation stored in said third storage means;

‘means for identifying the beginning of a sector based on the current
sector's structure stored in said £irst storage means after identifying
the end of said servo area by using an output signal from said magnetic
head; and |
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track density in the radial direction of the disk can be increased by
configuri ng the head 198BnhdecrgBBen®eplidaé read portion to be approxi mately

equal to the head gap | wite portion or designing the head gap
of the read portion to ially the sanme dinmension with the track
wi dt h. - 27 - CLAl , intormati 8, recording di sk conpri sing:

controller means exercising control when said beginning of the sector is

identified, so that said first storage means stores the next sector's
structure stored in said second storage means and said third storage
means stores the next sector's operation stored in said fourth storage
means, and that said second storage means stores the structure of the
next sector including the physical sector position identifier calculated
by said physical sector position calculating means by referencing said
table during processing by said processing means and said fourth storage
means stores the next sector's operation.

5. A disk drive system comprising:
gaid information recording disk according to claim 1;

a magnetic disk for reading and writing information in said information
recording disk;

méans for creating a bad sector table when a virtual sector and virtual
track each of which having a predetermined capacity are assumed and a
physical sector identifier representing the position of each sector other
than any bad sector which is included in said track is successively
' specified as a logical sector identifier, said bad sector table
. consisting 6f a virtual sector table wherein a physical sector identifier
which should be given to the position of any bad sector is successively
stored as a pseudo logical sector identifier and a virtual track table
for storing a pseudo logical sector identifier for any bad sector which
corresponds to the smallest physical sectox j.dentifier for the same track
which is contained in said virtual sector table;

means for creating a virtual ID table by using said table and said bad
sector table, said virtual ID table representing the structure of each
virtual sector in a virtual track which consists of a physical sector

identifier for identifying each sector on said divided track based on

said servo area, said position information, the capacity of the sector
crossing the said servo area which covers up to the crossing position,
and a logical sector identifier; and

controller means for exercising control to determine the virtual track
and virtual sector which correspond to the position identifier for a

requested logical sector by referencing said virtual ID table and
/
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at | easte one generally radial servo area, the servo area storing position
information for identifying a track position; at |east ppeshd&adBEOReplaced -

recording data, the track containing a plurality of sect
| east one-sector crosses the servo area, the servo area m&&m j g
| east one sector into a first portion prior3to the servo cond
portion subsequent to the servo area, each of the plurality of sectors

havi ng an equa,,{e behe & Sget,lldgﬁgd gya@a} Sadof6P rﬂegw Qetdiitbs KikBhal track

unlquely i dent | eac urality of sectors, wherein the
tabl e stores r’é’ldaﬁ’gi‘@ higee ng a physi cal sector identifier for
I denti fying each sector on the track based on the servo area the track

posi tion, and @ pr &moSEIN0 SBIAR 0ARR Ca%,\e flnd B8 BGCHA or! Sadlh®s W67Yo o ea

capaci ty being equa e capati ¥ I'rst
characterized in that sa magnets.c head consi.ats of a recording portion
for recording information in said information recording disk and a
reading portion spaced apart by a predetermined amount from said
recording portion for reading information from said information recording
disk, and the length of the head gap of said reading portion is
configured soc as to substantially conforms to the length of the head gap

of saild recording portion.

7. The disk drive system according to any one of claims 3 to 5,
characterized in that sald magnetic head consisi:s of a recording portion
for recording information in said information xecordi.ng disk and a
reading portion spaced apart by a predetermined amount from said
recording portion for reading info:ma.tion from said information recording
disk, and the length of the head gap of said reading portion is
configureé 80 as to substantially conforms to the width of said track.

i

I

| L A
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2. The information recording disk of claim1, wherein the sectors _
conprdse good and bad sectors. 3. The information recording disk of claim
2, wurther conprising: a list storage neans recorded on the disk for
successively storing as a pseudo | ogical sector identifier a |ogical sector
identifier, the pseudo |ogical sector identifier being given to a bad
sector when successively specifying a |ogical sector identifier for

i dentifying each sector other than any bad sector contained in the track.

4. A di sk drive systemconprising: an irgprmation recording di sk having
at | east one track divided by at |east one servo area, storing position
information for identifying a track position and wherein an area w t hout

the servo area i s INFORMATPONRECORDING DiSK IANDDISK DRIVEISYSTEMi ties are

ABSTRACT

A disk drive apparatus comprising a disk recording medium in which each track
is divided into a servo area which stores information for identifying the track position
and a plurality of data sectors wherein at least one of said data sectors crosses said servo
area and a look-up table is provided for identifying the position of each sector based
upon the relationship between a physical sector identifier, said position information and
the capacity of the sector crossing said servo area.

Fig. 5
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succes;hvely | ocat ed, and.wherein the servo area divides at |east one
sector”into a first portion prior to the servo area and a second portion
subs®equent to the servo area; . a nagnetic head for reading and witing"
information on the information recording *C L N S* - 28 - at |east
one register for storing a current sector's structure and operation; a
table, recorded on the disk or in senicoqdrqgor menory, for uniquely

i dentifying each position of a plurality o ectors, wherein the table
stores the structure of each :
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sector which represents relationships anong a physical sector identifier
for identifying each sector on the track based on the servo area, the track
posttion, and a pre-servo area capacity of the sector, the pre-servo area
capacity being equal to the capacity of the first portion; and a
controller, operatively coupled to the at | east one register, for
»controlling operations of the disk drive, the controller processing sectors
in accordance with the current sector's stzzg?ure and operation stored in
the at |east one register, the controller udi ng: (a) neans for
identifying a beginning of a_sector based on the current sector's structure
stored in the at |east one register after identifying an end of the servo
area by using an output signal fromthe magnetic head; and

50

2 52

50
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(b) means for updating the current sector's structure and operation stored
in the at | east one register in response to identifying the begi nning of
the sector, the current sector's structure being determ ned by referencing
the table. 5. The di sk drive of claim4, wherein: the at |east one
regi ster further stores a next sector's structure and operation; the
control l er updating the current sector's3 g{3ucture and operation stored in
the at | east one register by copying the next sector's structure and
operation stored in the at | east one register into the current sector's
structure and_operation, respectively, upon identifying the begi nning of
the next sector; and the controller updating the next sector's structure
and operation stored in the at | east one register by referencing the table
during processing the current sector. _
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6. The disk drive system of claim4 wherein the sectors conprise good

and bad sectors, and wherein the disk drive system further conprises: -
29« a |list storage neans, operatively coupled to the controller, for
successively storing as a pseudo |ogical sector identifier a |ogical sector .
identifier, the pseudo |ogical sector identifier being given to a bad

sector when successively specifying a |ogical sector identifier for

i dentifying each sector other than any bag/ﬁgptor contained in the track;
and cal cul ati ng neans, coupled to the |ist’storage neans, for calculating a
physi cal - -
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sector_position by referencing the Iist storage nmeans to read nunber of

| ogi cal sector position identifiers which is equal to or smaller than
request ed | ogi cal sector position identifiers, and addi ng the nunber being
read to the requested | ogical sector position identifiers to calculate
physi cal sector position identifiers for physical sectors corresponding to
the requested | ogical sector identifiers. 7. The disk drive of claim4
wherein the magnetic head conprises a reqp,qEng portion for recording
information in the information recording disk and a readi ng portion spaced
apart by a predeterm ned anount fromthe recordi ng porti-on for reading

i nformation fromthe information recordi ng disk, the recording portion and
t he readi ng portion each conprising a head gap, and wherein the |ength of
t he head gap of the reading portion is configured so as to substantially
conformto the length of the head gap of the recording
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portion. 8. The disk drive of claim4 wherein the magnetic head conpri ses

a recording portion for recording information in the information recording

di sk and a reading portion spaced apart by a. predeterm ned anount fromthe

. recording portion for reading information fromthe information recording

' di sk, the recording portion and the reading portion each conprising a head

- gap, and wherein the length of the head %g? gf the reading portion is
configured so as to substantially confornt 8 the width of the track. 9. A

di sk drive data storage system conprising: a nmagnetic disk for storing

I nformation; at |east one servo area on the disk for storing position

I nformation for identifying track position;

Deduce the physical
position of sector

Host specifies data sector number LBA ~102
Calculate absolufe block address ABA 104
2 e

y

Determine a zone 106

]

Calculate physical 108
position —

'

Seek | ____~110

FIG. 6
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- 30- at least one track divided for recording data on the disk, the track
containing a plurality of sectors, wherein at |east one sector crosses the
servo area, the servo area dividing the at | east one sector into a first
portion prior to the servo area and a second portion subsequent to the
servo area, each of the plurality of sectors having the sane total
capacity; a nagnetic head for reading and witing information on the dISk
a table, recorded on the disk or in sen1con§ngor menory, for uniquely
|dent|fy|ng

Determine sector |
recognition / structure

202

204 .
1 Read CSPR

f214
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k! Y
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C

216
222)
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Processing
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each pqsition of the plurality of sectors, wherein the table stores

rel ati-onshi ps anong a physical sector identifier for identifying each
sector on the track based on the servo area, the track position, and a
pre-servo area capacity of the sector, the pre-servo area capacity being
equal to the capacity of the first portion; and a controller, coupled to
the magnetic head, for exercising control to determne a virtual track and
virtual sector which corresponds to a posigi/q8 identifier for a requested
| ogi cal sector, the controller including: (a) nmeans for identifying bad
sectors and creating a bad sector table when a virtual sector and virtual
track each of which having a predeterm ned total capacity are determ ned
and a physical sector identifier representing the position of each sector
ot her than any bad sector which is included in the track is successively
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sector .identifier, the bad sector table conprising a virtual sector table
wherein a physical sector identifier which should be given to a position of
a bad sector is successively stored as a pseudo | ogical sector identifier
.and a virtual track table for storing a pseudo | ogical sector identifier
~for any bad sector which corresponds to the snmallest physical sector
identifier for the sane track contained in t? 1Pirtual sector-table; (b)
means for creating a virtual |ID table by usi Z he virtual sector table and
the bad sector table, said virtual ID table representing a structure of
each virtual sector in a virtual track which contains a physical sector
identifier for identifying each sector onthe * C L M S *

S9.
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- 31 - track based on the servo area, the track position, a pre-servo area
capacity of the sector which is equal to the capacity of the first portion,
and- a | ogical sector identifier; and (c) mneans for determ ning a virtual
track and virtual sector which correspond to the position identifier for
the requested | ogical sector by referencing the virtual 1D table and
determining a correspondi ng physical sectd@/i13 the determined virtual track
and virtual sector. 10. The disk drive systemaccording to claim9, wherein
t he magnetic head conprises a recording portion for recording information

in the magnetic disk and a d apart by a predeterm ned
anmount fromthe recording (:E,té'a@@ \PinuaHBdfélﬂe

Specify virtual track |
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informagion fromthe nmagnetic di sk, the recording portion and the reading
portion each conprising a head gap, and wherein the |ength of the head gap
of the reading portion is configured so as to substantially conformto the
| ength of the head gap of the recording portion. 11. The disk drive of
claim9 wherein the magnetic head conpriqtf13 recordi ng portion for
recording information in the magnetic di sk and a readi ng portion spaced
apart by a predeterm ned anpuh eta~~e recording portion for reading
information fromthe magnet{c digkw thg recording portion and the reading
portion each conprising a hdad gap, apd wherein the I ength of the head gap
of the reading portion is configuged so as to substantially conformto the

wdth of the track. = Refére'ﬁ"ceVID to determine 02
target logical block address p—— b
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