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This inventica relates to information recording disks and disk drive
_ systems, and more specifically to {aformation recording disks used in
B . 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., so-galled sector ID, in which s
sexial aumber of the segtor, sector type, mmucntuyl.ng

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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nscessitating reduction of the ares where informstion can be recordsd and
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reguired for recording information (ses JAS~174498) .
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not provided for eash sectoz, however, & position identifying area sush
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
but centinuous.

With sforsmentionsd facts considered, the position invention is inmtended
to provide an information reccrding disk capable of storing more
information and readily reading information. It is ancther purposs of the
present inventien to provide & disk drive system which is capable ot
readily and repidly reading and writing a greater amount of infozmatien.

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

information recozrding disk sccording to claim 1 includes at least one
gezve avea wherein position information is stored for identifying the
tzack position; at least ons track wherein an ares vithout said servo
ares is divided by a plurality of sectors of identical capacity inmeluding
at least one sector crossing sald serve ares) and & table xspresenting,
for uniguely determining the positicn of eash of a plurality af sectors,
the rslaticnship among & physical sector identifisr for identifying 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 corossing position.

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
ares) a table representing, for uniquely determining the positien of seach
of & plurality of sectors, the relationship among a physical sester
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identigier for identifying sach sector on said divided track based en
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
5 logical sestor identifier which should be gives to a bad sector when
' sequentially specifying a logical wector identifisr for identifying sach
sector other than ths bad sector included iz said track,

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
weiting information in said information recording diskj storage means
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 serve ares,
said position informsticn, and the capacity of tha ssctor 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 logical
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 accordance with the structure of tha 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 emd 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
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means stores the structure of the noxt sector stored in the sagond
stoxage mesans snd the third storage meaus storss the operation of the
next sector stored in the fourth storage means, and éduring 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 storages msans store ths operatiocn of the next

10 The disk drive pysten accearding to claim 4 of the invention comprimes tha
information recording disk according to claim 2; & magnetic head for
zeading and writing informaticn in said information recording disk;
storsge means consisting of a £irst 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!unmhuﬁettmlmctmmm
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
ctlculated by said physical sester positica calenlating means and have
the fourth ttnngo means store the operation of the next seoto:.

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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resding and writing infermation in said information recording disk;
mesns, assuming & virtual sector and virtual track nh.i.ch have a
predstezmined capscity, for creating a bad sector table comsisting of s
virtual sector table wherein a physical sector identifier to be given teo
] 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
representing the structure of esch sector {n s virstual 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

20 physical sector correspending 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
pzedstarmined amount from said recording portion for reading informstion.
from said information recording disk, the length of the head 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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intormation for identifying the track positiocn by msans of, for instance,
& Sexvo pattern, thus allowing & seguencs of teack positions or multiple
Sezvo areas on the sane tcack. An srea without the servo ares bas 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
information recording disk baving at least ona track 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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the second and fourth storage means, control is exercised Dy referencing
the table so that the second storags means stores the structure of the
nest sector which includes the physical sector position identifier
] calculated by the physical sectsr pesitiocn 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
write information in the information rasording disk according €o claim 1
by using a magnetic head. Therefors the table can ba read from 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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The magnetic head comprises a rscording portion for recoxding informatiocn
in the information recording disk and & resding portion spaced apart by a
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.
nmxy,uamman;uv.amummbqumm

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 zadial direction of the disk.

15 Smbodiments of the invention will now bs desoribed, by way of example,
with reference to the accompanyiag drawings, in which:
Fig. 1 is a schematic block diagram illustrating the structure of an HDD
devios to which the invention 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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seotor table and virtual track tabls relative tea the second embodiment.

#ig. 11 is a flow chart illustrating the creation of a virtual ID table
] ralative to ths second enbodiment.

¥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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16. Thersfore, when shaft 12 is rotated by drive 14, disks 18A and 188
are rotated integrally with suppozt 16.

on sach zesording surface of disk 184 and 188, as shown in Fig. 2, a

8 plurality of sezvc areas 50 are formed radially in the radial direction
of aisk 18, with remaining ares formed as track vregion §2. 1Ian servo
azeas B30, a sexzvo signal (see Fig. 16), e.¢. burst patterm, for
indicating the direstion of data trzack 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 sach dats track are recordsd. In the end portion in the
direction of rotation of servo area 50, thers is recorded information for
genarating sector pulse signal 5P indicating the end of servo ares 50

15 (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 information 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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all sectors insluding bad sectors, such &8 defectives. Ia the following
description, it im assumed a single sestor is formatted with a storage
capacity of 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 manufasturing, sone $0 has @ zeserved area ranging from 4

10 mininum absolute block address (er MIN_ANA) O to & 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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In view of the above, in the embodiment, there is previcusly determined
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. Pointer tables 34 for esach sone, as shown ino Tables 2 teo 5

0 axre previcusly recorded at predstermined positions.
Table 2
POINTER TABLE (30NE #0) .

. Drect #0 41 42 €3 e s27

15 svscr #0 #0 #1 1 £ w2 "7 e
PR 200K 2008 200E 200 2008 300 = 200H
ST 0 o o o o 1 1

20
Tadble 3
POINTER TABLE (ZONE #1)
DI ScT #0 41 42 ¥ # # ¢ "' au
BV BCT #0 #0 #1 ¥ 2 #2 3 "' 3 prr 2008

25 180 2008 1008 2008 OBON 2008 =~ 2008
IAST O 6 © © o o 1 1]
Table 4

: POINTER TABLE (30NE #2)

30 prseer #0 #1212 B3 M 5 7 s
BuscT #0 #0 #1 #2828 ' e

IR 2002 100H 2008 2008 1OOR 200R =~ 200H
TASY 0 - 1 0 o 1 1
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POINTER TABLE (SONE §3)

prect 0 B 2 ¥ K T m

gvsor 40 0 & 22 B 7 e

PR 2008 OB0H 100 3180 2008 2008

a8 0 ©6 o0 o 1 1

How bad sectors will be described. As showa im Pig. &, when a block

(sector) whose absoluts block address ABA corresponds to 03, 08, 09, 15,
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 defestive (03 in this example) is stored as valus PLEA (PSUEDO LEA).
All of stored values PLEA are ssquentislly stozed as defsct list D_LST.

Thus, absolute block address ABA can be dstermined by adding the pumbex
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
specitied, ths values of defect list D_1LST (three valuss of 03, 07, and
07 in this cass) ave added to chbtain ABA = 7 + 3 = 10.

ABA = LEA + (number of PLBAs which are equal to or smaller than LBA)
ceeld)

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
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 sectoz's cperstion register oz NGOR). These registerxs
CEPRS0, NSPRG2, CSORS4, and WEORSS are connacted to local CPU (ot 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
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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state 84 ummmn-uummun-mumzm
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 mector bsing
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 seccnd data circuit 72 vhich 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 Replaced
40 + (BCT_TRK (#2) #ED) _

+ e (b1) “daemm) <.eco TR
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whezrs SCT_TRR (#3) is the nuzbsrx of ssctors par track in sone #I snd
SCT_CYL (#5) is the number of sectors per cylinder in sone 3.

Thersfore, for determining the absslute 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 read and writs is performed immediataly afier
the sector pulse signal SP at step 212. On ths 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
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step 218 Ly returnad to perform the ghove processing until all sectors
are covered. ©On the other hand, if the answer iy negative, i.e. LAST =/
0y then anocthsr sector is absent in the current serve sectox. The
m--mumaoz,mmmnsmnnummzu
processing the next sector.

During processing for read or write operation (steps 212, 216, and 222),
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
during said proomswing to store information on the next stzustuze in
RBPR63.

In this manner, the mector position can be recognizned oaly with seutor
pulse signal P sven if no 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
(BTOP), which arxe procsssed by refsrencing current sector's opezation
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
of the current sectoxr, NSORGS cun be specifisd.

Said secter recognition and structure detecmination as well as cperation
on sectors will now be further desoribed with zeference to Figs. 8 and 9.

¥ig. shows an image of the sector strusture on & predstermined track in
predetarmined sons 3n and transition of the state of state controller &8.
Buring stazt up of HDC30, state centroller 68 is in dead state B0. 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
dstected. Upon detection of sector pulss signal 8P, 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
moves to first dats state 84 (ses arrow 82 in Fig. 8)., On the other
hand, if PTR =/ O, state centroller 68 moves to second data state 86
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serve area 50 (see srrzow 63 in Fig. 9).

T£ EDC30 is in first dats state 84 and sector capacity PIR =/ O, then the
cuzzent sector is divided. Therefora, state controller 68 receives 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)
after operstion on cna mector is completed, then idls state 82 is
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
mmezmu-mhymcaou-uzuuem4, dend state 80 is
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
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
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 operation to the ssctor whiol has no sector ID on the

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

The second embodiment will now be described in greater dstail which uses
8 vizrtual ID table (VIT) which corresponds to ths sector ID to acocmplish
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.

To mlilh:.ld and write operation to the disk without using the
gector ID xecorded on the disk, it is nscessary to provide information
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which corresponds to ths sestor IB. .Virtual ID sable (VIT) 38 according
o the second enbediment covers all information provided as the prior art
ID information, and as shown in Table 6 below, is a table combining
pointer table 34 according to the first embodiment with loglical block
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
seotor in a track, flag DEF _FL (DBFECT FLAG) ¢o be set if bit 1 is a bad
ssctor, flag RBS_¥L (SEASSIGN FLAG) to be set if bit 2 corrupts after
shipping to becoms unusable, and flag BTR FL (BOTBL FLAG) to be set i1f
bit 7 is the last element of virtual ID tadls 28.

Table 6

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
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
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 thes antire surface of the disk. Any bad sector contained in this
disk is recordsd in a predetermined oylinder previously specified by
defect list D_L8Y.

In maid embodiment, defect list D_LST is referenced and equation (1) is
used to calculste absolute block address ABA cozresponding to s specified
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)
sectors, and the position of a bad sector is specifisd by virtual track
VT and virtual sector Vi.
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Defect table 40 comprises virtual track tsble (VT) 42 and virtusl secter
table {VST) 44. Aas shown in Fig. 10, virtuzl ssotor tabls 44 stores
pssudo LBAs (corresponding to values FPLEA in the first exbodiment) for a
bad sector in ap asocending ordar of absclute block addresses ABA, and
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
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
is sufficient. Therefore defect table 40 will have a storage capacity of
2036 bytes. On the other hand, if virtual track tabls 42 and virtual
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
occupying an extza capacity. '

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 oreated 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
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 regquest {ssued from a host device, or for
the legical block address LBA, which iw a sector number, baing spacified
as the naxt track, the virtual track VT and virtual sector VS are
spevified by using the following equation (§).

VT = LEA/NEEC VT

VS » LBAANSEC VT ...(4)

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

Uning a specified virtual track VT and viztual sector VS, a valus p which
satisfies the following equation (3) is determined at stsp 30¢.
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VBT [p ~ 1] <= VB < V8T [p]

VIT [VD] <= p < VIT [VZ + 1] ...(5)

where VST [x] is ths ccntents of virtual sector table and VIT (x] is the
contents of virtual track table.

The determined valus p corresponds to the nunber of pasudo ILBAs (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
determine the sucfase susber HD sod cylinder nusber CYL of the magnatic
disk which contains the absolute block address ABA st step 308.

OYL = ARA/(X_HD SCT_TRK)

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

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

.mmulkmfmqulmm-mmwum

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 tbe bad
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 + SCT_TRK = 1 ...(?)

Bince the disk rotates censtantly 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
is used to set the logical block address LBA to increase the logical
blook address LBEA for the next sector at step 316. At this time, tha
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
aunber of bad sectors which is smaller than the maximum value MIN TRX of
the sbgoluts block addrasss ABA for the sector included in the track).
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Yor skew oaloulation, a skew tubls zepresenting the amount of skaw per
track which is pravicusly recordsd is used, along with differences ia
devices such as drives for each HDD device 10.

sz e T

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
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
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 step 408,

Whether the tazgst sector exists immsdiately after the ssotor pulse
signal SP is determined at step 410 by referencing 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
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
sectoz, If this flag is Deing zeset, the next sector iz skipped.

The steps described above correspond to steps 202 to 216 in Fig. 7.
Reaching the beginning of the sector, s signal is imput frem HDCSQ at
step 416 to move the corrssponding physical blook address in virtual ID

" table 38 (step 418), and the corresponding information of the moved

physical block 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
refarenaing polnter table 34 at a predetearmined time in an updatadle
state, to stors the next structure information in RSPRE2Z.
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With reference to virtual ID table 38 being moved, the process determines
Wm»umu;mmumumm. Iz the
decision is positive, flag DNT JL iz reset before step 416 is returned
(step 434). If the decision im nagative, flag DNT_¥I is set beforxe step
416 is returned (step €26). This processing is repeated until all target
sectozs are covered (step 428).

In this panner, tmmmmstty--mmuumtd
by & defect table even with a track where 2o other ssctors are contiguous
than those having recorded the dats which ars not recorded in avery
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.
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
HDD devics.

As desoribed lbbn, usiog EDD device 10 slininates the nsed for recoxding
the ssotor ID. Thus, it is possible to zead and write information even
when tihe amount of information inoreases which ecan be zecorded on the
disk.

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
radial 4:l.: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
been ussd to accommodate both read operation (RD) and wxite opezation
(WRT) se that the corresponding magnetic head is positicned immediately
above the desired data area. ¥or sxample, in magnetic 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
spaced apart dy a predetermined amount. During read cpsration (RD),
pagnetic head 20A is located so that reading slement 92 is positionsd
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immsdistely above center line B54A of the track. During write operatiocn
(WRT), magustic hsad 20 is located so that writing element 50 is
putwwymmamsuumm.

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
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 zadisl dirsction 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
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
error becomss minimum, and charasteristic cuzve 94 will indicate the
amount of arrer.which lizsarly increases with the emount of off~tzack.
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
than the 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
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
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
to the invention, data can bs wzitten in aligned reoozding arsas (see
¥ig. 13(b)). Therefore, the magnetic head design dces not reguire
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considerations !orcbuhincluurnehﬁqb. and the gsp length Wrw can

be specified up to & length approximately conforming to the gap length
p '

The present invantor bas found that the information recording density in
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.

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
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 gep length RDw of the read element snd track width ¥RKw,
detection of the serve signal will decrsase with the amount of off-track
of the magnetic heasd, and when the ¢gap length RDw is extremsly smaller
than the track width TREw, only a slight at!-t:pnk makss it impossible to
abtain position information. OConsegquently, positioning sccuracy must de
higher and in scne cases position information cannot ba cbtained.

As ahcve-dascribed, HDD devics 10 to which the position invention is
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 bstween the read and write slements during turning of axums
should be considered. It is not necessazy to consider the amsunt of
off-track caused by specifying the magnetic head at different positions
during read and write cperation. Then, the gap length RDw can be
spscified up to a length approximately ceaforming to ths track width
TRXw. This will provide an incrsased track density in the radial
dizection of the disk for HDD device 10 according to the present
invention. - '

As described above, by using the informstion recording disk in acsordance
with the preseut inveantion, information such as the structurs of each
seator can be referanced and the sector structurs can rsadily be
Tocognized sven when data~only sectors are adjacent or a sedator crosses
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the ssrvo ares. Thus, the preseat invention offers ths advantage of an
ingreased amount of information which can be zecorded in 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.

A further advantags of the present invantics is that more information ocan
be handled without consuming extza storsge on tha 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.

A still another advantage offersd by ths present iavention {s that ths
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
gap of the read porticn to have substantially ths sans dimeasion witdh the
track width.

This Sheet Has Been Rzi

e
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1. A informetion recording disk comprising:

at 1688t ona gervo ares vwhich stores position information for identifying
the track poaition) _

at least one tfack whersin 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
capacity; and '

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
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:

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
a plurality of ssctors, which includes at least ons sector crossing saiad
servo area, sach of said plurality of sactors having the sama capacity)

a table reprsseanting the zelationship among a physical ssctor identifier
for identifying each sestor on sald divided trask based on Baid servo
area, said position information, and the capacity of the sector crossing
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
‘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

!
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an information resording disk having at Mmt:ukuvuuby 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,
said 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
identifiers for the physical sectors corresponding to the requested
logical wector identifiers; |

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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controller means exercising control when said beginning of the sector is
identified, so that said first storage means stares the naxt sector's
struoture stored in said second storage mesans aad said thizd storage
mmmmm'-mammuazmuum
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. - '

4. A disk drive lfltu comprising:
said information recording disk according to claim 2)

a magnetic diek for resding aad writing informaticn in sald informaticn
zecerding disks :

storage means consisting of a first storage seans for storing ths current
sector's strusture, a second storage neans for storing the next sector's
structure, s third storage 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
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
logical sestor identifiers;

nmeans for processing sectors in accerdance with the current sector's
structure stored in said first stozage means asd the gurrent mector's
operatiocn stored in said third storage seans;

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 .

'« € L M § =*

0462755296, #22/25



'96% 2A208

10

i35

a5

s

40

. “PesIh 04627652396 #23/25
148455 BE74 = () This Sheet Has Been Rerlaced

controller means exeraising contrzol when ssid beginning of ths 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
Deans gtores the next sestor's oparation stored in said fourth storsge
means, end that said second storage mans stores the structure of the
gext sector including the physical sector position idantifier oalculsted
by said physical sector position caloulating means by referencing said
table during proosssing by said prooassing means and said fourth storage
gesns stores the next sector's cperation.

JAS-D3-048/Ipz o l IIIII

5. A disk drive system camprisings

said information rscording disk acocording to claim 1j

- & lnmtlc disk for :«dhg aad u:Lttng Monl.t:l.on in sald information

mozd!.ngd!.lk:

means for creating a bad sector table when & virtual sector and virtusl
£reck each of which having a predstezmined capacity are assumed and &
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 tabls wherein & physical sector identifier
which should bs given to the position of any bad sector is successively
stozed as s pseudo logical ssctor {dentifier and a virtual track table
for storing a pssudo logioal sector identifier for any bad ssctor which

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

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 serve ares, sald position information, the capacity of ths secter
crossing the sald sezvo ares which covers uﬁ to the orossing position,
and 8 logical sector identifier; and

gontroller means for exsrcising control to daterming the virtual trask:

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

R W O
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determine s corresponding physical sector in the determined virtual track
and virtual sestor.

6. The disk drive system according to any oas of claims 3 to 5,
shaxacterised 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
configured so as to wubstantially conforms to the leangth of the hsad 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
for recording information in said information zecording disk and a
zeading portion spaved apart by a predatermined amount frem sajld
recoxding porticn for reading infoarmation 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.
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