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Recordi ng and/ or Reproduci ng Met hod and Appar at us
wdewhnimas Field This invention relates to a rECDIRNONMI08646

and/ or reproduci ng nethod and a recording and/or

reproduci ng apparatus for a recordi ng nmedium such as

an optical disc, as a wite-once recordi ng nedi um

This Application clains pribrity of Japanese Patent

Application No. 2003-168876, filed on June 13, 2003,

the entirety of whi chDESCRIPTIONat ed by reference

herein. Background Art As a techniqué for recording
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an optical disc, inclusive of a magneto-optical disc,
such as CD (Conpact Disc), MD (Mni Disc) or DVD
(Digital Versatile Disc). The optical disc is a
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disc of a thin netal sheet protected with plastics.
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This Application claims priority of Japanese Patent Application No.
2003-168876, filed on June 13, 2003, the entirety of which is incorporated by

reference herein.

Background Art

As a technique for recording and/or reproducing digital data, there is a data
recording technique employing, as a recording medium, an optical disc, inclusive of
a magneto-optical disc, such as CD (Compact Disc), MD (Mini-Disc) or DVD
(Digital Versatile Disc). The optical disc is a generic term of the recording medium
comprising a disc of a thin metal sheet protected with plastics. The disc is
illuminated by laser light and a signal is read out in terms of changes in the
reflected laser light. |

The optical disc may be classified into a read-only type, such as CD,

CD-ROM or DVD-ROM, and a recordable type, allowing a user to record data



t hereon, such as MO, CD-R, CD-RW DVDR, DVD-RW DVD+RW
or DVD-RAM The recordable type disc allows for data
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system a phase change recording systemor a dye film
change recordi ng system The dye film change recording
system also ternmed a wite-once recordi ng system
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allow for data rewiting. Thus, the dye film change
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Recently, a high-density optical disc, termed the Blu-ray Disc, has been
developed to increase the recording capacity significantly.

This high-density disc records and/or reproduces data under a condition of
the laser light with a wavelength of 405 nm (so-called blue laser) and an objective
lens with the NA equal to 0.85. A data block of 64 kB (kilo-bytes) is used as a
recording reproducing unit, with the track pitch of 0.32 um and a line density of
0.12um/bit. If the format efficiency is 82%, a data volume of 23.3 GB (gigabytes)
may be recorded and/or reproduced on a disc with a diameter of 12 cm.

With this high-density disc, a write~once type or a rewritable type has been
developed.

For recording data on a recordable disc, such as a disc of the magneto-optical



recording system a dye filmchange recording system
or a phase change recording system it is necessary
wo eopnooesle a gui de for tracking relative to aPdBEIR2004/008646
track. To this end, a groove is forned fromthe
outset as a pre-groove and the groove or a land (a
part with a trapezoidal cross-section, defined between
nei ghboring grooves) is ufed as a data track. It is
al so necessary to record the address information to
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reproduction, such that data may be recorded or
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representing the address is pre fornmed on the track.
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read-only), there is known a technique providing an
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ﬂﬁi]spggsoed;/t gsa%(?ressd' can be read out from the wobbling information,

. obtained as the reflected light information during recording or reproduction, such
that data may be recorded or reproduced for a desired location even if no pit data
representing the address is pre-formed on the track.

The absolute time (address) information, representéd by the wobbled groove,
is termed the ATIP (Absolute Time In Pregroove) or ADIP (ADdress In Pregroove).

In such data-recordable recording medium (which is not read-only), there is
known a technique providing an exchange area to exchange data recording
positions on the disc. This technique is a defect management technique allowing
optimum recording and/or reproduction by providing an exchange recording area

which takes the place of a defect area unsuitable for data recording, such as a flaw,



if such defect is present on the disc. Meanwhile, if
attention is directed to a wite-once type opti cal
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such as CO-R, DVD-R or a high density disc, such
write-once type optical recording nmediumsuffers from
various constraints, because no data can be recorded
on a pre-recorded area. Indarticular, in the
write-once recording medium the techni que of updating

if suct defeorizggesaitton thieadis@t i on responsive to the data
recordi ng poses a problem That is, as a usual
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the disc, subject to 2004/ 112025 PCT/ JP2004/ 0086
the recording state of the user data based on the management information helps
improve the processing speed in writing data on a disc or reading data from the
disc.

However, with the write-once recording medium, it is not proper to update
the management information each time user data is recorded on the recording
medium, because the area for recording the management information is consumed
excessively.

Considering that limitations are imposed on the size of the recording area for
the management information, certain preset conditions need to be imposed on the
recording of the management information on the disc.

For example, in the DVD—-R, the management information, updated in the

recording apparatus responsive to data recording, is recorded on the disc, subject to



the wite volunme of the user data surpassing a preset
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proposed for holding the management information, even on power down, using e.g.

a non-volatile memory, to enable the management information to be updated later
on the disc, or to verify the non-matching between the management information and
the user data on the disc to effect restoration processing, as described for example
in the following Patent Publication 1:
[Patent Publication 1] Japanese Patent Application Laid-Open No. 2002-3122940
Meanwhile, in a recordable disc, the last address of the user data (last
recording position information specifying the last position of recording of the user
data) is sometimes provided as such one management information. This last address

is termed the LRA (last recorded address), as an example. This last address is that



of the area where user data has been witten on the

disc. In the wite-once optical disc, the usual
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| eadi ng end of the user data area for recording. Thus,

in newWy recording data, it is sufficient to record

the data as froman address (LRA+1) next follow ng

the address LRA. If it is éesired to record data as

froman address further in rear of LRA+l, such a
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the write-once disc is that the conventional optical recording disc has been
developed on the basis of a ROM type disc and hence replay cannot be made if
there is an unrecorded area on the disc.

These circumstances impose limitations on the random access recording on
the write-once recording medium.

In order to render a write-once disc more accessible at random, the present
" inventors have proposed in an international application (filing number:
JP04/003212) such a technique consisting in providing the written/ unwritten
indicating information (space bitmap information) indicating whether or not data
has been written, from one data unit in the recording area to another, as the

management information, to enable a recorded area and a non-recorded area to be



verified by this witten/ unwitten indicating

information. This enables data to be recorded in a
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limted to sequentially padding the data for
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state of recording of the user data is not protracted excessively.

There is a also demand for facilitated setting of the matched state even in
case the management information on the disc and the state of recording of the user
data has become non-matched due to e.g. the power down of the device.

In this respect, there is a technique of holding the management information
to be written on the disc by exploiting the conventional non-volatile memory.
However, there is also a demand for a system not employing the non-volatile
memory because the current non-volatile memory suffers from limitations on the
number of times of data update events and hence is not suitable for recording

frequently updated data.



In view of the above-depicted status of the art, it is

an object of the present invention to provide a
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information including the witten/ unwitten

indication informati on (space bitmap) and the | ast

recorded position information (LRA) indicating the

| ast recorded position of & he user data may be

properly recorded on the disc, and in which, even in

Disclos@weeofatheTavedghi ng to the user data recording state,
such non-matching can be coped with readily. A
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area for recording the user data and the | ast
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recordi ng and/or reproducing data for the recording
coped meth taadily. st orage unit for storage of the managenent
information read out fromthe recording nedium and a
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information stored in the recording unit, responsive
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and thtehlelsesrt %;?ag 3reu ryezzorded and in which the written/ unwritten indicating
information indicating whether data has been written in each data unit in at least an
area for recording the user data and the last recording position information
indicating the last position of recording of the recorded user data, are recorded as
the management information. The apparatus comprises a recording and/or
reproducing unit for recording and/or reproducing data for the recording medium,

‘a storage unit for storage of the management information read out from the
recording medium, and a controller for updating the contents of the management

information stored in the recording unit, responsive to execution of data recording

by the recording and/or reproducing unit, and for causing the recording and/or



on the recordi ng nmedium responsive to generation of

an unrecorded area in a range up to a location on the
wo ewantioryy nedi um i ndi cated by the | ast recor dPEmIP2004/008646

position of the managenent information. The

controller is responsive to extinction of the

unrecorded area in the range up to the location

i ndi cated by the | ast reco®di ng position information

to cause the recording and/or reproducing unit to
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the storageoinit ag the t¢eordinghmedawmt r ol | er updates the witten/
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the recorded user data on the recording medium; the controller updating the last
recording position information in the management information stored in the storage
unit in case of non-matching.

The controller executes the processing of confirming whether or not thé
unrecorded area determined by the written/ unwritten indicating information in the
management information read out from the recording medium and stored in the
storage unit is matched to the unrecorded area on the recording medium. The
controller updates the written/ unwritten indicating information in the management
information stored in the storage unit in case of non-matching.

A recording and/or reproducing method for the above recording medium
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to be recorded on the recording medium.

The recording and/or reproducing method further comprises a step of
verifying whether or not the last recording position information in the management
information read out from the recording medium and stored in the storage unit is
matched to the last position of the recorded user data on the recording medium, and
a matching step of updating the last recording position information in the
management information stored in the storage unit in case the verifying step has
verified non-matching.

The recording and/or reproducing method further comprises a step of

confirming whether or not the unrecorded area determined by the written/ unwritten
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the state of recording of the user data may be

unwritkaD ihditReng PihfeRh&GSH N@pabeHifhap) andt tHeh¢agarecoidéd gosition
LRA I n the"managenent information is caqincident with

. t t . [ ' Lacking:

ntorm oL, 30 g 8 S5 e SR BEIE may bo updara
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at a pemey tHpIng @iflea'{eygsﬁat ?'!aé,lsaoéﬁkm‘ﬂg\lé o &AL &‘Fﬁ%‘brd&gl ca) may
LRA needs to be updated. o

possibly be generated in an area ahead of the LRA (that is, in an area of an address

younger than LRA), by the realization of random access recording, the management
information is updated on the disc responsive to the gap generation or extinction
(recording in the area retained to be the gap).

Moreover, since the management information is updated on the disc by the
gap generation or extinction, the state of matching between the management
information on the disc and the state of recording of the user data may be confirmed
by detecting whether or not the gap or the LRA in the management information is
coincident with the actual gap or LRA on the disc.

Lacking the matching, updating for matching the management information is



Brief Description of the Drawings Fig. 1 illustrates
an area structure of a disc according to the present
WO nwentioeh. Fig.2 illustrates a single-1layer BCEEP2004/008646

structure according to the present invention. Fig.3
illustrates a double layer disc structure according to
the present invention. Fig.4 illustrates the DVA of a
di sc according to the present invention. Fig.5
illustrates the contents of the DDS of a disc

only suffieiond, thet isQ ohhethy §reabitrhaly 8Rthe@NR Andeds id be apdaeds
the contents of the DFL of a disc according to the
present invention. Fig.7 illustrates the defect |ist
managenent information of the DFL and the TDFL of a

. ~disc according . to.the present invention. Fig.8
BﬂefDqSPHQfIPHt(g§hFa¥a&QE$Sange address infornati og of the
DFL and the TDFL of a disc according to the present
Figuballugtratesag aged structtiraots dﬁmacmmain@‘toathd ipsesent invention.
according to the present invention. Fig.10

Fid. psillgtrted $paaglellayePpPdiRt strtage agecrdiny too thérepresent
present invention. Fig. 11 illustrates the L of a

iventff 20CO101 19 (0 e present | nvent1 on, Fg; 12
B QlosieBiSE, Sosbleirar diacs ERETSARGROIERs 1 (he present
) disc according to the present, invention.
nvention.
Fig.4 illustrates the DMA of a disc according to the present invention.
Fig.5 illustrates the contents of the DDS of a disc éccording to the present
invention.
Fig.6 illustrates the contents of the DFL of a disc according to the present
invention.
Fig.7 illustrates the defect list management information of the DFL and the
TDFL of a disc according to the present invention.
* Fig.8 illustrates the exchange address information of the DFL and the TDFL
of a disc according to the present invention.
Fig.9 illustrates the TDMA of a disc according to the present invention.
Fig.10 illustrates a space bitmap of a disc according to the present invention.

Fig.11 illustrates the TDFL of a disc according to the presenf invention.

Fig.12 illustrates the TDDS of a disc according to the present invention.



Fig. 14 is a block diagramof a disc driving apparatus
according to the present invention. Figs. 15A to 15E

WO bdowgizoat e t he generation and extinction of aPQH{DP2004/008646
according to the present invention. Fig. 16 is a

flowchart illustrating the processing in witing user
data according to the present invention. Fig. 17 is a
flowhart illustrating theldprocessing in giving a

judgnment as to gap generation according to the

PigsEIA and erBB dlustiate. the8ISA #d IOBANGS fa dist UWeddbedinBOto the
the processing in recording the space bitmap and the

sent Qfiohhe disc according to the present invention.
pre nFﬁ‘&e %ﬁ]?s a flowhart illustrating the processing in

cordi ng .t ace bjt and the LRA on thg disc at
Fre s e (RS O dot i necARmE s GGeAing 16 the present
] invention. Fig.20 is a flowhart illustrating the
mventi®ecessing i n recording the space bitmap and the LRA
on the disc under commands from a host according to

.Fl?.lﬁAStGDISE ilhsenie the génctalddn had@xtinetioRastta gap according to
ilTustrating the processing in verifying the matching

thepre? Igl\?\ichﬁgﬁgoho the present invention. Fig.22 is a

art 1'llustrating the processing in confirnming
he . LRA t chi ng,accordi to the present invenfion. )
i 1505 0uSabE el s gors g M Rging Pact datd according
flowchart illustrating the processing in confirmng

to the prgserfapventioBhi ng according to the present invention.

Fig.17 is a flowchart illustrating the processing in giving a judgment as to
gap generation according to the present invention. .

Fig.18 is a flowchart illustrating the processing in recording the space bitmap
and the LRA on the disc according to the present invention.

Fig.19 is a flowchart illustrating the processing in recording the space bitmap
and the LRA on the disc at the time of ejection according to the present invention.

Fig.20 is a flowchart illustrating the processing in recording the space bitmap
and the LRA on the disc under commands from a host according to the present
invention.

Fig.21 is a flowchart illustrating the processing in verifying the matching
according to the present invention.

Fig.22 is a flowchart illustrating the processing in confirming the LRA

matching according to the present invention.



Best Mbde for Carrying out the Invention An opti cal

di sc, enbodying the present invention, and a disc
waleoniing2slevi ce, operating as a recordi ng appRCHIRZD04/008646

and as a reproducing apparatus for the optical disc,

are hereinafter explained. The explanation is made in

the followi ng sequence: 1. Disc structure 2. DVA 3.

TDVA system 3-1 TDVA 3-2 118A and CSA 4. Disc drive

device 5. Gap generation and extinction 6. TDVA

g3 iy £-flowpHaiti ilthsiesipen e prbdedady danebafit@m@de gap
extinction 6-2 Updating at the tine of disc ejection

matChgilﬁaéMéH ofﬁ@gﬁgﬁt\iﬁv?ﬁi&qmnd from host 7.

ocessi n ng e ratching 8. Effect of the
present enbodi nent and nodification WD 2004/ 112025
PCT/ JP2004/ 008646 15 1. Disc structure First, an
optical disc, enbodying the present invention, is
Best Mege forfearrying eut thetlnyentioh sc nmay be i npl enented as a
write-once disc within the category of a high density
oot iopéicallilise, sytiodying didBebsanBinventivndhag a disc driving device,
operating as a recording apparatus and as a reproducing apparatus for the optical
disc, are hereinafter explained. The explanation is made in the following sequence:
1. Disc structure
2. DMA
3. TDMA system
3~-1 TDMA
3-2 ISA and OSA
4. Disc drive device
5. Gap generation and extinction
6. TDMA updating
6-1 Updating responsive to gap generation and extinction
6-2 Updating at the time of disc ejection
6-3 Updating responsive to command from host

7. Processing of verifying the matching

8. Effect of the present embodiment and modification



The followng is typical of the physical paraneters of
the high density optical disc system enbodying the
w@e@gamo2s nvention. As for the disc size, the PEL/IRA04/008646
di sc of the present enbodinment is 120 nmin dianeter
and 1.2 mmin thickness. That is, in these respects,
the optical disc of the present enbodinent is simlar
to the disc of the CD (Conpact Di sc) systemor the
DVD (Digital Versatile Disc) system insofar as the
1. Dis®strestusdhape of the disc is concerned. As the |aser
for recording and/or reproduction, the so-called blue

P T B S
opncale&laa%ﬁa'ev" be Sferegloghas é%’é&'m%%'aqhﬁE SHiia thircagheary Rfa high

pitch, for exarrple a track pitch = 0.32 m and a
densﬂ}hDgth&h(h&C mermma&aﬁpydlsq he shortest recording
mark length = 0.12 m A so-called double-layer disc,

Tiel fslldwing & aypicall dfayed phybial BReAmety ebPRRE- h@ht Bensity
the doubl e layer disc, the uSer data capacity is on

sl the layout (area
0ptl%ls@?ﬁ§¥%§é‘) %ngﬁln%%tte' es%lt%v&gs \3? the ar gag oﬁ t he
I SC, l.ead a ne and a | ead-out .z
s sy 9555556 b9 pissdb drssonte pr%elgre@%wﬂm if 120 mm in
this order, Iooklngfromthelnner rimside. In terns

diameter andd . 2mem i thicknass. Fbat ispémthese nesperts, thg eptivabdisc of the
reproduction, a pre-recorded information area PIC of

B Rt 8 h 0 (R D) st o e
DVD @OfftdT VERGHIEFsE) s§90R, Uhsbfir as the outer shape of the disc is
concerned.

As the laser for recording and/or reproduction, the so-called blue laser is
used. The user data capacity of 23 Gbytes to 25 Gbytes is realized, with a disc 12
cm in diameter, by employing a high NA (numerical aperture), for example, a NA =
0.85, and by realizing a narrow track pitch, for example, a track pitch = 0.32 pm,
and a high line density, for example, the shortest recording mark length = 0.12 pm.

A so-called double-layer disc, having two recording layers, has been
developed. With the double-layer disc, the user data capacity is on the order of 50
Gbytes.

Fig.1 shows the layout (area structure) of the entire disc.

As for the areas on the disc, a lead-in zone, a data zone and a lead-out zone



the | ead-out zone is the wite-once area which all ows
for recording only once. In the read-only area and in
w@2emili®dnce area, there is formed a spiral | yPCT/JP2004/008646

extendi ng recording track by a wobbling groove
(rmeanderi ng groove). The groove is used as a guide

for tracking in tracing by a | aser spot, while being

used as a recording trackléor data recordi ng and/ or
reproduction. Although an optical disc in which data

are arraged acthig egdeanldokéng fropy ¢hd neprRARISed, the present
i nvention may be applied to an optical disc of the

93t 35 0 SRR D 7 S oo,
proe G e B B P A A e s

| and. The groove as the recording track is meandering
read-onky aeapiiglevibezonedrombthcemanagemest artaof, theilehdiheone up to
di sc driving device for the optical system the wobble

the leadt@nalone®yhd@riterned uees whickl 81166/ B8 ré@r8iRd88ly once.
positions of the groove fromthe reflected I[N ght of

et 3384 éaria:% lg#{d;i ﬁ?taegzrﬁg-o%g ﬁ{elgoﬂ?er nd ) ﬁ%n'ée&lg 3 spirally

extracting onent S of variations of
ositions relative to e radi al irectioon of the
extend &Eeq%gkngaﬁrégle EM&WO&&?T%V%W@Vpr@lc?aa@@flngpgfpoapanhe groove
_ the recording track. In the wobble signals is
is usedradd guide foretradkingsin tmatingrhyi odaselr tpoe, wdiler Heimg Wed as a
2004/ 112025 PCT/ JP2004/ 008646 17 track (physical

recordidgdir &8s farndht® b dagtdiid/ensdproahetigmt i on) for the
recording position 1n question. Hence, in the disc

A8 S5 bofeon 53, SIRASHAT, FRBGRCHCHA sroove i
presupﬂgg%ﬂ gthgltéfggqrg i%ve}ltqgn I%gg "Be gpbﬁtf:g t0 > atnI ggtigarﬂogis%hgfs t6he land
recording system in which data is recorded on the land between neighboring
grooves, or to an optical disc of the land-groove recording system in which data is
recorded on both the groove and the land.

The groove as the recording track is meandering in keeping with the wobble
signals. Thus, with the disc driving device for the optical system, the wobble signal
fnay be reproduced by detecting both edge positions of the groove from the
reflected light of the laser spot illuminated on the groove and by extracting the
components of variations of the edge positions relative to the radial direction of the

disc that are caused on moving the laser spot along the recording track.

In the wobble signals is modulated the address information of the recording



The lead-in zone, shown in Fig.1l, is an area which is
on the radially inner side than a position with a
wo agias2023 24 mm The portion in the | ead-in zPOEJP2004/608646
a radius of from22.2 mmto 23.1 mmis the
pre-recorded area PIC. In this pre-recorded area PIC
there may be recorded the disc information, such as
the power conditions for rgtordi ng and/ or
reproduction, disc area information or the

track (PRYSEMBAARBs 88d ol KRRYoRAICIESirhAion) Rt tﬁé 38B6Rling Position
pre-recorded fromthe outset as the read-only

i quek B8 My D B 94 fyesd SRRy gt recoring

enbossi ng pits. Al though not shown, CA_(burs
and/or cEPEPARCLERTH A f ornﬁgiam@fep?myd@@ é‘iﬁftaﬁég E rfl@mpdrl ing ©ye. the
i nner side than the pre-recorded area PIC. The BCA is
addresainfarmationtfes@ these wobbleesiphalst oper to the disc
recordi ng nmedi um has been recorded by a recording

?‘lﬁétlﬁﬂﬂiﬂl ZOHeNsRewhiR F%Pr & Bg réy ¥hifhfis ohe tA&lialy inner

ormng the recordlng rks so that the marks are
arra concen there are forned
side thih pHEHiGR METS LRy PEa4aliL She portion in the
| ead-in zone vvlth a radi us of from 23.
iChe portignay dhe ipad-msranes mﬁhmcxa%mfrfr@meﬁn 2\}@11 to 8 mm is
2004/ 112025 PCT/ JP2004/ 008646 18 In the managenent/

the presx@corded arebd®Itht i on area, a predeterm ned area format,
having e.g. a control data area, a DVA (defect

IR I, T, A e armacin
such 48 he" 'power conditions for recording and/or reproduction, disc area
information or the information used for copy protection, for example, is
pre-recorded from the outset as the read-only information by wobbling the groove.
The above information may also be recorded by, for example, embossing pits. -

Although not shown, a BCA (burst cutting area) may be provided on the
further radially inner side than the pre-recorded area PIC. The BCA is an area
where the unique ID proper to the disc recording medium has been recorded by a
fecording system of burning the recording layer off. That is, by forming the
recording marks so that the marks are arrayed concentrically, there are formed
bar-code-like recording data.

The portion in the lead-in zone, with a radius of from 23.1 mm to 24 mm, is a

management/ control information area.



In the control data area in the managenent! control
informati on area, the follow ng nanagenent/ control

w0 nfoanmmes on is recorded: That is, there are rBCDIRMOG/008646
the disc type, disc size, disc version, |ayer
structure, channel bit length, BCA information,
transfer rate, data zone position information,
recording line velocity and the recordi ng and/ or
reproduction |aser. power information. The test wite

R § Qﬁgn@nﬁ’i tattyl RIfOMhERSH Wiréd)i ) préetemnaedn®eh/ format,
control | ormation area, is used for test witing in

naving 588 D9HREE "BERLAMRD € TONPR, SAPECHEMELEA g ronea
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conditions. The DVA is provided within the managenent/
is set. control information area. In the field of the optical
di sc, the exchange managenent information for defect

; ) . .
lc’)ff‘@lt"i’f% AT ee)l 'cﬁlté‘%&‘ng% éﬂ t‘h@%‘éﬁﬁ%em I troll thfbAifaddr® Grea, the

e present e I ment, not only the exchange

managenent i nfor i f or. ct agenent, but al so
f°11°W1Pﬁemg%%eé88W2 ﬁp}lﬁ%&m%gpgflﬂgg$ ﬁ%ctorrgénl&f or inplenenting
data rewiting, is recorded. in thig wite-opnce disc.
Thabas.t thareaare recarded thgs disc fepg, SEisgnsizesAlisc version, layer
management WO 2004/ 112025 PCT/ JP2004/ 008646 19
structute)f ciamiel dit lesgthatBC Aeifoamnatidn, mnsferaratizddata zome position
DVA. For enabling data rewiting, by taking advantage

inform&fioh) gec?di«ﬂ{}ﬂ%‘ URePVOIORRY A6 thé NecerlihgNid/of répdabAon laser
must” be updated responSive to the data rewiting. The

power}_n%n{atcioﬁr ovided for this purpose.

The test write area (OPC), similarly provided within the management/
control information area, is used for test writing in setting data recording and/or
reproducing conditions, such as laser power at the time of recording and/or
reproduction. That is, the test write area is an area for adjusting the recording and/or
reproducing conditions.

The DMA is provided within the management/ control information area. In
the field of the optical disc, the exchange management information for defect
management is usually recorded. However, in the disc of the present embodiment,
not only the exchange management information for defect management, but also the
management/ control information for implementing data rewriting, is recorded in

this write-once disc. In particular, in this case, the ISA and OSA management



The exchange managenent information is additionally
recorded in the TDVA for updating. In the DVA, the

wo amit/1{d0at est ) exchange managenent i nfor mati oPCT/JP2004/008646
recorded in the TDVA, is recorded. In the TDVA, there
is further recorded the information ternmed a space
bitmap and the information terned the LRA. Such
informati on becones the ilformation for realizing
random accessibility even though the disc is the

inform#¥ibh SasORes \inBH, {Ehectidandhé MMVPDMA wil | be
di scussed later in nore detail. An area froma radi us

b PR, Raf b ook BaPab it e processing
e cofgriot Joo SUPSHS b Bt SeiRoat ke B abSriing.
address ADdts and a data zone end address ADdte are

TDMA isdproaidat] for thisepuwipbaezone position information of
the aforenentioned control data area. An | SA (inner

PR’ exdhffde MMTnAeRSN (RforRhtidAALS AIBAInAlE Rcomiededn the
on the 1nnernost side and on the outernost side in

TOMA cftye R fREC I SRECTE Yo TP, (FResf)"Cab e nagpeement

. of, data or _ defects s.wll be explained
lnfomt}ege@@@ﬁiq(&/m%'@@bﬁ 131949$8148€T/ 1P2004/ 008646 20 The
ISAis formed by a preset nunber of clusters fromthe
In ahe PHEVIA, otheod ia fdthen resosdadotlee dnfomeation 685381 a space
bytes). The OSA is forned by a preset nunber of

bitmap; Elgiiﬁ: e sggﬁ@ﬁgwggggsg%&n Z}_lé MORA. S gachfmmmmoze Skcomes the
information for realizing random accessibility even though the disc is the
write-once medium.

The DMA and the TDMA will be discussed later in more detail.

An area from a radius of 24.0 mm to a radius of 58.0 mm, which is on a
radially outer side of the lead-in zone, is a data zone. The data zone is an area where
user data is actually recorded and/or reproduced. A data zone start address ADdts
and a data zone end address ADdte are indicated by the data zone position
information of the aforementioned control data aréa.

An ISA (inner spare area) and an OSA (outer spare area) are provided on the
innermost side and on the outermost side in the data zone, respectively. The ISA

and the OSA serve as an exchange area for rewriting (overwriting) of data or

defects, as will be explained subsequently.



The sizes of the ISA and the OSA are stated in the

above DVMA. In the data zone, a domain sandw ched
wheimaen2t he | SA and the OSA represents a userPCTIaR2a04/008646

area. This user data area is the usual recording

and/ or reproducing area usually enpl oyed for

recordi ng and/ or reproduction of user data. The

position of the user data 20ea, that is, the start

address ADus and the end address ADue, is stated in

The ISKADi«SefoEM%d Whagregetimemba sReuserPfropd itk 5t fodition of a

radius of 58.5 nmm which is on a radially outer side
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control data area, as in the control data area in the
fromthaaanidpasitionezfthhdnaﬁatene.ecor ded a variety of the
managenent/ control information. The DVA is provided,
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which to record the managenent information for the | SA
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si ngl e- Ia r disc, that is, _a disc haV|ng a sing
fePfeS‘?'IE%o"} disﬁ’g é@/éifeal i}\lﬁélsleéa@ﬂtﬁ nAEEn, the disya ffe‘ESMdQng and/or
OPC (test wite area), TDVMA and WD 2004/ 112025
reprod@ﬁﬁ,gmumalqsemlomd foxeconling pndiardeproductieptofarser data.
undefined area (reserved area). In the | ead-out zone,

ThegsosiiorPyPthcrisbr MY ardd, th@vmeﬁart%@?@és ADus and the end
undefined area (reserved "area). Although the

addres§ 1465, € SEHAPRAUROMIW DARAZ area is not shown, such

An area from a radius of 58.0 mm to a radius of 58.5 mm, which is on a
radially outer side of the data zone, is a lead-out zone. This lead-out zone is a
management/ control information area where a control data area, a DMA and a
buffer area, for example, are formed to a predetermined format. In the control data
area, as in the control data area in the lead-in zone, there is recorded a variety of the
management/ control information. The DMA is provided, as is the DMA in the
lead-in zone, as an area in which to record the management information for the ISA
and the OSA.

Fig.2 shows an illustrative structure of a management/ control information
area in a single-layer disc, that is, a disc having a single recording layer.

In the lead-in zone, areas of DMA2, OPC (test write area), TDMA and



omtted fromthe drawi ng, because in actuality a
portion of the control data area becones the DVA and
WO b@44i1202Et ure pertinent to the DV TDVA i S I ePE/ar04/@8646
the present invention. Thus, four DVAs are provided
in the lead-in zone and in the | ead-out zone. |In each
of the DVAL to the DVMA4, the sane exchange nanagenent
information is recorded. However, the TDMVA is
provi ded, and the exchange managenent information is

DMA 1 2iré igkbViede eRtesdan it fiRa diebPresdifed@E8@094n the lead-out
managenent “information i s updated by being

sone, L0 AN RSEARS el NI RR oy eserved

data rewite events. Thus, no DVA is used until the

area). disc is finali zed, such that the exchange operation
is carried out in the TDVA. Mreover, if the disc is
Allthanighetthe aboerdesesibedecaritenlgdatararegasentt shown, such area is
i nformati on, recorded at such tinme point in the TDVA,

omitted ?rom%@rdi%@/ihg bB&UMin setahlifyhat pdrfidnest faN@8ntrol data area
managenent by the DMA becomes “possible. Fig.3 shows a

o] ye A [ e ' I £
becomBpYtL AR BAR Y pG BHEAE] Lo BESTTER im0 the
and a layer 1, respectively. W 2004/112025
presentiayvenon04/ 008646 22 In the layer 0, the recording
and/ or reproduction proceeds fromthe inner rim
Thusy fisirtIDM Asiaee provided inithe déakin aené andha thadeadfout zone.
the single layer disc. In the layer 1, the recording

In eaclf‘ggg%?l\{fﬁgqi@;tﬁg ilyly%%,gtgl@?sﬁgl% f:igcf:ﬁeﬁx'g@ Iﬁkd-fa@gerﬁéﬁﬁ information is
recorded.

However, the TDMA is provided, and the exchange management
information 1is initially recorded using the TDMA. The exchange management
information is updated by being additionally recorded in the TDMA responsive to
generation of the exchange processing by defects or data rewrite events.

Thus, no DMA is used until the disc is finalized, such that the exchange
operation is carried out in the TDMA. Moreover, if the disc is finalized, the latest
exchange management information, recorded at such time point in the TDMA, is
recorded in the DMA, such that the exchange management by the DMA becomes
possible.

Fig.3 shows a double-layer having two recording layers. The first and second

recording layers are also termed a layer O and a layer 1, respectively.



The physical addresses are also increased in the sane
direction. That is, the physical address is increased
WO ootheokmayer 0 fromthe inner rimtowards thePOLIRE2004/008646
rim while it is increased in the layer 1 fromthe
outer rimtowards the inner rim As in the
single-layer disc, the areas of the DMA2, OPC (test
wite area), TDVA and DMR1 are forned in. the
| ead-in zone of the layer 0. The outernost rim side
0 thdRayle Y th® récordidlg ddtFot Egstoduttign Procieds fiemstherhier rim

termed an outer zone 0. The DMA3 and DMAM are fornmed
r f yer 1
towards rihé %ﬁt&‘t@?‘ Yons gedfg)c ]a%qﬁ %&SMEPWA&% letygﬁefc,losaf or med
out.er, zone 1. The_,i nner rimside o .
hayy}f or 4, e reqos lalgoand/%r@rnﬁﬁc@w Procesys é{ﬁmztgﬁézuter rim

there are fornmed respective areas of DMA2, OPC (test
towardsrthe ennerezin offthedismd DVAL. Thus, in the lead-in zone,
outer zones 0 and 1 and in the | ead-out zone, there

The ;ﬂ{gfs\ﬁtae&ﬁd@e@% aBVAkso 1hegeakPlini the g dﬁécﬁ@n e’Fﬁiﬂt is, the

recordi ng layer. The size of the |ead-in zone of

physic%llaéfc?c[regs ?snﬂlcf%a%ea if ‘?neofay%:ﬁ Qtijr ngdtp%ghp 1% &)fwartdg Zh% puter rim,

a er are rre as out Zzo

si ngl e er disc, The size of the ter ,zones O
while ijiinerrasechia thaeeel FAgh tis OuiRE gbwasﬁ the RGN, pe
single layer disc. WO 2004/112025 PCT/ JP2004/ 008646
A3 ;h thehviirpe-layarudiseyr theosrenh eoflilde, DMAG; (3RCi (testherite area),
| ead-in zone and in the | ead-out zone (and the outer

TDMAIZ gﬁﬁ g)rlgll,ﬁg f@f% {mg(mpil%ag%gga@iin tZofe GTHRE $ayet)®RITHE S6trmost rim
side of the layer O is not the lead-out and hence is simply termed an outer zone 0.
The DMA3 and DMA4 are formed in the outer zone 0.

The outermost rim of the layer 1 is an outer zone 1. The DMA3 and DMA4
are also formed in the outer zone 1. The innermbst rim side of the layer 1 is the
lead-out zone. In this lead-out zone, there are formed respective areas of DMA2,
OPC (test write area), TDMA and DMA1.

Thus, in the lead-in zone, outer zones 0 and 1 and in the lead-out zone, there
are provided eight DM As. The TDMA is provided to each recording layer.

The size of the lead-in zone of the layer 0 and the size of the lead-out zone of
the layer 1 are the same as that of the lead-out zone of the single-layer disc.

The size of the outer zones 0 and 1 is the same as that of the lead-out zone of

the single-layer disc.



Fig.4 shows the structure of the DVA. The size of the
DVA bei ng 32 clusters (32x65536 bytes) is taken as an
wex@api®2s Meanwhi l e, the cluster is the snal | eBCT/0IE004/008646

of data recording. OF course, the DVA size is not
limted to 32 clusters. In Fig.4, the 32 clusters are
given the cluster nunbers 1 to 32 and the data
positions of the respecti3®  contents in the DVA are
speci fied. The respective sizes of the contents are
speci fied as the nunber of the clusters. In the DVA
there is the detailed disc information, as the DDS

2 DM disc definition structure) in the four cluster

’ omai ns bearing the cluster nunbers of from | to 4.

for the conte of the ,.explai.ned with, .
The starbge e ﬁqegﬁéi% recasaed 8 ther1eaddn Zongr anghin the lead-out
cluster, and is repeatedly recorded four tinmes in the
zone (anolutheciutert zonesddand . inTthe chsaiof tHeudowhledayerd diso), tis heteanafter
cluster nunbers of 5to 8 is the first recording area
explailfe@'.:L#l) of the defect Iist DFL. As for the structure
of the DFL, explained with reference to Fig.6, the

S0 hobis3he sihrhisoBafo M 23 whi oh there is
b S A S 2R aBIS0538 et % as an
to 12 is the second recording area (DFL#2) of the

examphefMeanwhie, thElclustbeis thesnatiltegt andad dafta révordhig: d and
the followi ng defect |ists DFL#3 to DFL#6 are

gy;fgg@%@% tﬂg@ﬁ%@%l Juig%l 2‘? chdtsligfifed The3X @mst@ﬁsuqheFigA, the 32
clusters are given the cluster numbers 1 to 32 and the data positions of the
respective contents in the DMA are specified. The respective sizes of the contents
are specified as the number of the clusters.

In the DMA, there is the detailed disc information, as the DDS (disc
definition structure) in the four cluster domains bearing the cluster numbers of from
1 to 4.

As for the contents of the DDS, explained with reference to Fig.5, the DDS is
of a size of one cluster, and is repeatedly recorded four times in the four cluster
domain.

The four cluster domain with the cluster numbers of 5 to 8 is the first

recording area (DFL#1) of the defect list DFL. As for the structure of the DFL,

explained with reference to Fig.6, the defect list DFL is data of 4 cluster size, in



nunbers of 29 to 32 is the seventh recording area
(DFL#7) of the defect list DFL. That is, seven

wo ewantionyy areas of DFL#1 to DFL#7 of the def eBCT/IP2004/008646
are provided in the 32 cluster DVA. In the case of
the wite-once optical disc, capable of witing only
once, the processing terned finalizing has to be
carried out for recording 2he contents of the DVMA In
such case, the seven recording areas of DFL#1 to DFL#7

which ?Iﬁex%h@ lidgddasgp tHe Hidividiai éi&ﬂmtge a‘dﬂ?es@"iﬂfox%ﬁzﬁléﬂ | of

he same contents. The contents of the DDS, recorded

o B0 9 o

tes) ned  previously. In Fig.5, the byte
recordg&ma&m r?g‘?éi&if%“d list&Fle-hat the | eading byte of
the 65536-byte DDS is the byte 0. The nunber of bytes
iTieti ceroedinghareas ndie theofthipg taasl thef foHewirs pedectvHstdaD&EL#A3 to
contents. In the two bytes of the byte positions of 0O

DFL#68ft provid&d, @alch ByefdirdadstarsPPhe fode @Idsftéxedomalﬁlthft‘h'é cluster
recognition that ‘the cluster in guestion is

N TR el e A

the DDS type nunber (format_versi onb In the four .
Bk ds, 5P rerording apeasi of HELHE te DFL#/ phdhegafeet list are

of tinmes of DDS update events is recorded. Meanwhil e,
provided in tlee P2 ehester BANMIAdi ment, the exchange managenent

information is witten for the DVA itself, at the tine

®h the case of the write-once optical disc, capable of writing only once, the
processing termed finalizing has to be carried out for recoraing the contents of the
DMA. In such case, the seven recording areas of DFL#1 to DFL#7 of the defect list,
written in the DMA, are all of the same contents.

The contents of the DDS, recorded at the leading end of the DMA of Fig.4,
are shown in Fig.5.

The DDS has the size of one cluster (=65536 bytes), as mentioned
previously.

| In Fig.5, the byte positions are indicated such that the leading byte of the

65536-byte DDS is the byte 0. The number of bytes indicates the number of bytes
of the respective data contents.

In the two bytes of the byte positions of 0 and 1, there is recorded a DDS

identifier = ‘DS’ for recognition that the cluster in question is the DDS cluster.



finalizing, but the DVA is not updated, and the
exchange managenent information is taken charge of in
wo b@4/TDES Hence, at the last finalizing, the PoribE20045608646
times of the update events of the DDS ( TDDS:
tenporary DDS), carried out in TDVA, is recorded at
the relevant byte positions. In the four bytes of the
byte positions from?24 to 257, there is recorded the
| eadi ng physi cal sector address (AD DFL) of the defect
Id she Byke iwith e Bfe gbﬂtibheof ourthéd és indichied e ®DS type
positions from32 to 35, the |l eading position of the

ain the data zone, that is, the "0" LSN
numbeiz‘ ogrlngglberssg@ﬁbr nunber) position, is specified by the

SN (physj cal sector nunber .or physjca ect or .
b B s Wt G DBiFrisasiBond R % f d. sBE Pumthes o times of
36 to 39, the terminal position of the user data area

DDS updateeectats isonecardedpddednwhiley in hthel pregendgembodiment, the
sector address). In the four bytes of the byte

exchan@@Shiah@8EmERO IABPmatoA3is Whled for SReDNIAetkstlfe at $hé@ime of
of the TSAin the data zone. In the four bytes of the

At SRR DA, Tt 5 e B e rmion

is takepRIgoR! S0 RLYA-SHES, Gk Be 145 TURLiFGeT A gumber of times

usable flag, indicating whether or not data rewiting
of the update evenhiseofwhe DDBe(TBB Sotemperary 2D dcarhied@sn. in THIMA, is
exchange area usable flag indicates that the |ISA or

recordéd 8t HeAeldvast Bite pegtionsed. The renmining byte
positions are reserved, that is, undefined, and are

f the $ur bytes of the byte positions from 24 to 27, there is recorded the

leading physical sector address (AD DFL) of the defect list DFL in the DMA.
In the four bytes of the byte positions from 32 to 35, the leading

position of the user data area in the data zone, that is, the “0” LSN (logical sector
number) position, is specified by the PSN (physical sector number or physical
sector address).

In the four bytes of the byte positions from 36 to 39, the terminal position of
the user data area in the data zone is specified by the LSN (logical sector address).

In the four bytes of the byte positions from 40 to 43, there is specified the
size of the ISA in the data zone.

In the four bytes of the byte positions from 44 to 47, there is specified the

size of the OSA in the data zone.



to 00h. That is, the DDS includes the address of the
user data area, the sizes of the |SA and the OSA, and
w0 b@4axwbiange area usable flag, viz., the DDS PGT/g#804/008646

managenent/ control information responsible for area
managenent of the ISA and the OSA in the data zone.
Fig.6 shows the structure of the defect |list DFL. The
defect list DFL is recordeZbin the four-cluster

recording area, as explained with reference to Fig.4.

I the d. Byte b€ tHabyt®RisitiNS20fthéeis Brlieatd i @atlhange area
contents in the four-cluster defect |list DFL are

usable SAEEHAARIHE RGP Of a1 8uR5L | OSTLAERR LS of e
15 angigeanRer R SuRab i il HRhuhel M e BEACGLBE 05
The | eadi ng 64 bytes of the defect list DFL is the

has all beerarsedi st managenment information. As this defect
i st managenent information, the information for

Theqsfiathing Hie JY3M Ir?8&5reRervedPAA46 O08&dtned Andhate all set

the cluster in question is the cluster of the defect
tOOOhIist, as well as the information indicating the
version, nunber of tines of update events of the

Lt Sl Boghe R ¢ 53 e Wi I B of he
ISA andcthenQI9ac amohe oxchange dupacusaliat flag, viz., e DDS s the
management/ control information responsible for area management of the ISA and
the OSA in the data zone.

Fig.6 shows the structure of the defect list DFL.

The defect list DFL is recorded in the four-cluster recording area, as
explained with reference to Fig.4.

In Fig.6, the data positions of the respective data contents in the four-cluster
defect list DFL are specified in terms of the byte positions. Meanwhile, one cluster
= 32 sectors = 65536 bytes, with one sector being 2048 bytes.

The number of bytes indicates the number of bytes as the size of each data
content.

The leading 64 bytes of the defect list DFL is the defect list management

information.

As this defect list management information, the information for recognizing



Directly after the |ast effective exchange address
information ati#N, 8 bytes of the term nator

WO pdoaninmki on, as the trailing end of the exchaPQBJP2004/008646
address information, are recorded. In this DFL, 00h
is padded fromthe termnal end of the exchange
address information up to the trailing end of the
cluster. The 64-byte defecd7 | i st managenent
information is shown in Fig.7. In the two bytes from

that the Hleistertift questibh @tHe clasieeidfehe defddidisefas Well dsshe information
recorded "as an identifier of the defect |list DFL. The

. 4 t iti f .
indicatfi Y VErsfon MEnPYL Bt R bEApAaREROCES of fhe QEffe Jist or the
the byte itjan 4. denote the nunber of tines the
numbeg;gf gBirIgs f&&%ﬂ@%“ﬁﬁbc}%@%ﬂrd%ganm le, this is the
val ue which has inherited the nunber of tinmes of
The byée ovartes 6df fft teeordsher ewchange eddreésssnforpritionhatereach of
will be explained subsequently. The four bytes as

8 bytes!, a91thd BAtrWontdRS bf tenddféct sh. cat e t he nunber of
entries in the defect list DFL, that is, the nunber

Dl T SR SRR bR AR RS Infotasion atiA, 8 bytes

fromthe byt osition 24 indicate the size of {he
of the, jepnAtos SHEOIBRHORe B dHinGA iR aehq Sl 06 esshapge address
) terns of the nunber of clusters. The remaining byte
informatden arerrecandedr eser ved and are all set to 00h. Fig.8

shows the structure of the exchange address

I tieis MBFLO 004 is, padtdedhfrom thid eernfihal eBdi afithenekdanksmddress
t he exchange-processed respective entry contents.

information up to the trailing end of the cluster.

The 64-byte defect list management information is shown in Fig.7.

In the two bytes from the byte position 0, a letter string of ‘DL’ is recorded
as an identifier of the defect list DFL.

The one byte at the byte position 2 denotes the form number of the defect list
DFL.

The four bytes as from the byte position 4 denote the number of times the
defect list DFL is updated. Meanwhile, this is the value which has inherited the
number of times of update events of the temporary defect list TDFL which will be
explained subsequently.

The four bytes as from the byte position 12 indicate the number of entries in

the defect list DFL, that is, the number of the exchange address information ati.



The total nunber of the exchange address information
ati in the case of the single-layer disc is 32759 at
wo b@4meeoeirum  Each exchange address i nfornati oOPCEIP2004008646
made up by 8 bytes (64 bits). These bits are
indicated as bit b63 to bit b0. By the bit b63 to the
bit b60, the status information of the entries (status
1) is recorded. In the DFE8 the status information is
0000, indicating the usual exchange processing. The
Theefous Rt ak TrOmMHe BiteVisddieon Deimtiisseshekiré of the vacant
connection with the explanation of the exchange
1t o . L af 3 . :
wens IS SSEOLCATA ISR i 081y FEEbuls TR el 0 13RS

N of the .exchange source cluster,. That i1s, e
g@@%ln@s&ﬁﬁ@)@aﬂwsaareé%éve and age all sepip pbﬁ-

event, is indicated by the physical sector address PSN
big. Brshavemthostreere of thbhexchasgd address daforanagion ati, which is
reserved. The other status information (status 2) in

the infbfifa8h iydiEBNNnA tB® eRehdrReoprdedsscdespedtbr ety Gomehts.

i ndicate the | eadi ng physical sector address 'PSN of

e 1 us{)élrl.g? ﬁ% ggléa]xf%g%#rggsg ﬁlét?)rréaégoﬁ?(actpﬁ{‘ e case of the

source ¢ t uster i's excharged
. a fefec arewmite event, the cluster of the
smgle-i&@;zgﬂﬁ%lsd%%’g%gﬂ ARKRYy i s jndicated by the

| eadi ng physical sector address PSN of the |eading

Hachexchange address deformabied atixisimade updur 8 bytes (64 bits). These

information ati is one entry for
bits are indicated as bit b63 to bit b0.

By the bit b63 to the bit b60, the status information of the entries (status 1) is
recorded.

In the DFL, the status information is ‘0000°, indicating the usual exchange
processing.

The other status information values are discussed in connection with the
explanation of the exchange address information ati of TDFL in TDMA.

The bits b59 to b32 indicate the initial physical sector address PSN of the
éxchange source cluster. That is, the cluster, exchanged by a defect or a data rewrite
event, is indicated by the physical sector address PSN of the leading sector.

The bits b31 to b28 are reserved. The other status information (status 2) in

the entry may also be recorded.

The bits b27 to b0 indicate the leading physical sector address PSN of the



speci fying the exchange source cluster and the

exchange destination cluster pertinent to a given
we@@hamyes processi ng. Such entry is registeredPCTIIR20€4/008646

defect list DFL of the structure shown in Fig.6. In

the DVA, the exchange managenent information is

recorded by the above-described data structure.

However, it is when the diZr is finalized that the

above information is recorded on the DVA, as descri bed

exchan’g*éos‘()%rcéﬂumph case the DMA reflects the | atest
exchange managenent information in the TDVA. The

YR B0 068 RO S o L PROCOEIRR0Ph AR cvnt, e
oSS AR FERZD SRR LML OLIELL 90 3G90 180 R, B i

The TDVA, provided in the managenment/ control
sector addmessiRSNoof thedaadmgssemtor. in Figs.2 and 3, is now
explained. Simlarly to the DVMA, the TDVA (tenporary

Divie dbdvetdeaeabell Neéidifdet AddeSOridférigatent hANGE one entry for
managenent i nformation. 2004/ 112025

. / 0] 4 e t T [.§. U
specityf MO ACAGES  SronsCoF RE o B, R Bahds ofeRhEtiol cluster
. information responsive to the occurrence of the
pertinesf ¢ 8,23 eTheRANEeRFOCEEMBNsi ve in turn to the data
rewite event or to the defect detection. Fig.9 shows
Sheh entnyds wegisteired e thikDlfect listeDFLzef the sthetdibihoma in Fig.6.
e.g. 2048 clusters. As shown, the first cluster of the

Th UhbeDMATORE dxélRfided tdnagefRAE Snfbrini@bon is recorded by the

above-described data structure. However, it is when the ciisc is finalized that the
above information is recorded on the DMA, as described above, in which case the
DMA reflects the latest exchange management information in the TDMA.

The exchange processing for defect management or data rewriting and the
updating of the corresponding exchange management information is carried out in

TDMA which is now explained.

3. TDMA system
3-1 TDMA

The TDMA, provided in the management/ control information area as shown
in Figs.2 and 3, is now explained. Similarly to the DMA, the TDMA (temporary

DMA) is an area in which to record the exchange management information.



The space bitmap is the information indicating whether
or not a given cluster has already been witten.
wepmailiioeal | y, each one bit is allocated to eartm/JP2004/008646
‘cluster of a data zone as a main data area to
i ndi cate whether or not a given cluster has already
been witten, based on the value of the associ ated
bit. The data zone may il dentally include the
| ead-in zone and the | ead-out zone (outer zone) as the
Howev@ahatie DNMZONiy alpdated. by n atliiticipdceedordimgp, ofalthe obxchange
the clusters formng at |east a data zone (or further
oy . . | - ( t .
managbfinl SRRHEABRTBAANIbOTo M CkEAEE SR EpARAE plocessing
be aof one clusfer size. In the cas f i sC _havin
TesSpOngIvVE 1R, tuyly ofhleii?ga Feyeisevatan tagﬁeﬁaﬁq%ﬁsgqc & ed ’
di sc, the space bitmp, associated with each |ayer, is
Figf showsrthedtruntiwaof the THMA. Al ternatively, it is
sufficient if the space bitmap of each recording |ayer

The'sef0o i TDMAHS e]DMB48 dlustefs.t he TDMA, exchange
processing is carried out due to e.g. change in the

i : : s
28 HeRARRPY ot T0Sir O PRI, EHAG1L LBils e space bituap,
1 JP2004/ 008646 .31 | eadi | ust t h .
e FaraBimRes (R iR RBGR TALRERIE PhE e SEnofsrgiveg cluster
recorded as frome.qg. the position of the cluster
has almadpdeen .wmﬁemcSpﬁqigﬂaléymache&wbﬁgé aflogateslstonepch cluster of a

events, the TDFL is additionally recorded in the
data z&R8€£8 Whaivelats hust & intisateivwhsther be ndDklgisen elusterf hasalready

one cluster up to the maxi mumof four clusters. Since
been %Fﬁte?np%fseﬁ' bRthe ReTLE | 85 thdCastobiafed it e THe ¥@ED zone may

clustér, the space
incidentally include the lead~in zone and the lead-out zone (outer zone) as the
management/control area.

In the space bitmap, all of the clusters forming at least a data zone (or further
the lead~in zone and the lead-out zone (outer zone)) are each allocated to one bit.
This space bitmap may be of one cluster size.

In the case of a disc having plural recording layers, such as a double-layered
disc, the space bitmap, associated with each layer, is each recorded in each cluster.
Alternatively, it is sufficient if the space bitmap of each recording layer is recorded
in the TDMA.

If, in the TDMA, exchange processing is carried out due to e.g. change in

the data contents, TDFL (temporary defect list) is additionally recorded in the



bitmap i s updated responsive to the occurrence of each
data wite event. In such case, the new space bitnmp
wo soofkarawesl as fromthe | eading end of the vacaPtT/ar2e4/008646

in the TDMA, as in the case of the TDFL. That is, in

the TDVA, the space bitmap or the TDFL is post

witten. Although the structure of the space bitmp

and the TFDL will be discu8ted subsequently, the TDDS

(tenporary disc definition structure), as the detail ed
leadingpdlustet ofl 8@ unfecondid area iis thecODMA. iHeady theafitstn@DFL is

sector (2048 bytes) of the one cluster of the space
record@ﬁtﬁﬁafﬁ de.g‘ &§he! #@s‘iﬁ{)ﬁ f iRe At:lggtef %HT%IL 2. o8- odfirrence of

shows the structure of a space bitnmap. e Space

bi tmap is. such | t LN, Whi t . .
excharie, Bibkes iR estudie T s adhehefiy seeordsl ipribepansecutive

is represented by one bit, with the bit corresponding
clusten positiens.unr ecor ded cl uster being “0' and with the bit

corresponding to the cluster having data recorded

e EDFLbeize @ frdbm oas cgserup astiab@deimbih éhfoueasestefs.
one sector = 2048 bytes, the capacity of one recording

SPASE 5 sy, Gy SHRRETRY Bt S P By e sace

bitmag, 13 YRASEFLESBPIIYS SOSHE: SFGFIeTH # gach gata RiitgzEvent. fn such

sectors within each cluster is represented by sectors )
case, thetnsvaspaceThigmiaptie fprpediasriirom thedieadingensy of e bgeant area in
position in the sector. In the |eading sector 0, there
the TDMIA, e3dndRée casy/ef iRt YDHL.t he i nformation for

managenent of the space bitmap. In the two bytes of

iti*siﬁt BYifi ROTDMAhé sPRObitthaty or the TISFESS po&t-rittedE

Although the structure of the space bitmap and the TFDL will be discussed
subsequently, the TDDS (temporary disc definition structure), as the detailed
optical disc information, is recorded in the trailing sector (2048 bytes) of the one
cluster of the space bitmap and the clusters 1 to 4 of the TDFL.

Fig.10 shows the structure of a space bitmap.

The space bitmap is such a bitmap in which the recorded/unrecorded state of
6ne cluster on the disc is represented by one bit, with the bit corresponding to the

2

unrecorded cluster being ‘0’ and with the bit corresponding to the cluster having
data recorded thereon being ‘1°, as described above.
In the case of one sector = 2048 bytes, the capacity of one recording layer of

25 GB may be formed by a bitmap with a size of 25 sectors. That is, the space



recorded as a space bitmap ID (Un-all ocated Space

Bitmap lIdentifier). In the one byte of the byte
w@omitiiones 2, the format version (form nunber) BET/JIPH61008646

exanple, "OOn', is recorded. In the four bytes as from

the byte position 4, the layer nunbers are recorded.

These nunbers indi cate whether the space bitmap is for

the layer 0 or the layer 132 1n the 48 bytes fromthe

byte position 16, there is recorded the bitmap

bitmapi mhp beeored bAsthbaizd bLohe tlmeer Jeatare)), the start
cluster position (Start Cluster First PSN), the start

; .
?ir%l@ h[% %2 é@l‘s \ﬁﬁﬂ} ffhéﬁ%?e%rtls %@ﬁ%’l&égyﬁ&c%rs 0 to 31.
éﬁar able BI Bi t rap. dat a are each of four
The bygg pesitignls 1? S NOSFIORULIGSFCI the start
cluster position 6St art Cluster First PSN), the
pboshe ileadiag sdeéorf Oy gherecisusicordeds ap@amtyedf ite tinformation for
space bitmap on the disc, is represented by the PSN

managéﬁaﬁﬁbﬁﬁ{e St ditragslr ess) The start position of the
bitmap data (Start Byte Position of Bitmap data) WO

B PR A ERIG AR oo OB R o e
recordsdyas bt Bimapatd (Gn ?ahkyar%ﬁéia%#?ﬂt rig eSifisa ng

end of the space bitmap. In the exanple of Fig-10,

Iméhalana tyteof the bb/@posuglomﬂ,ethepfmmait oergion t(ferns aungher) of,

1 becomes the bitmap data, with the position of the

forexahhﬁl@ﬂﬂ)omaisare%td&l i ndi cated by the nunber of the
byt es. The | ength of the bitmap data (Variable Bit

heag fbdr%ﬁ& BRIt b§&eﬁ6§1’t185 4, the layer numbers are recorded.

These numbers indicate whether the space bitmap is for the layer O or the layer 1.

In the 48 bytes from the byte position 16, there is recorded the bitmap
information.

As for the bitmap information, the start cluster position (Start Cluster First
PSN), the start position of the bitmap data (Start Byte Position of Bitmap data) and
the length of the bitmap data (Variablé Bit Length in Bitmap data) are each of four
bits, with the remaining being reserved.

In the start cluster position (Start Cluster First PSN), the position of the first
cluster, supervised by the space bitmap on the disc, is represented by the PSN
(physical sector address).

The start position of the bitmap data (Start Byte Position of Bitmap data)



the length of the bitmap data with the nunber of the
bits. Actual bitmap data (Bitmap data) are recorded as
wo e@aiiidees byte position 0 of the second sect oPCT/JP2004/008646

(=sector 1) of the space bitmap of Fig.10. The |l ength

of the bitmap data is one sector per GB. An area
downstream of the last bitmap data to a | ocati on ahead

of the last sector (secto03331) is reserved and is

"OOh'. The TDDS is recorded in the | ast sector (sector

specifigsiheddtaithisositdes 6f e Fitmap Uata ﬁﬁél!ﬂ%zbth@ mimbétofTthElbytes as the
(tenporary DFL) is now expl ai ned ferring to Fig.9,

relativ %%F{[fécﬂ‘fﬂo?iﬁ "hé %r?—ﬁﬂo%ﬁ’t{ea Séﬁ%g%ltﬁ{aﬁalde?mtf 2 at-[ ?z?dihg end

€ Space

the | d|n ndofthevac . area_each tinme t
of the {spagedaiwaD. #cthe1exaBl Of gl ke ataofiopmabe deading byte
The TDFL is nade up by clusters 1 to 4. The contents
positionfof the F&for tehedmamestitebitapddity, sdtipshe position of thee bitmap
DFL of Fig.6. That is, the contents of the TDFL is

databeﬁh h@lﬁ:afe‘élﬁﬁﬂ&en&ﬂ%ﬁofﬂlerb e§ in that the |eading 64
es represent the defect 2004/112025

i@ﬂéﬁé@o“f Rt St LT PSR e 1 5B e Secifies

ecor as fromthe hyte p andlnthat t he
the 13“8%14{1&9&’ é!%tw@thaw 8?"(1%“%5&1 fexchange address
information ati#N represent the trailing end of the
éatiarigiemap dlates §Bitnfapr daia) are. relordadeas frome tikDbyte position 0 of
differs fromthe DFL in that, in the TDFL of the

the se@diitp seeor (seerof 1) be th@fﬁgfabéfbitﬁ% & P%S)IOI THee ek bf the

In the |ast sector of 2048 bytes
bitmap data is one sector per GB.

An area downstream of the last bitmap data to a location ahead of the last
sector (sector 31) is reserved and is ‘00h’.

The TDDS is recorded in the last sector (sector 31) of the space bitmap.

The structure of the TDFL (temporary DFL) is now explained. Referring to
Fig.9, the TDFL is recorded in a vacant area.in the TDMA next following the space
bitmap, and is post-written at the leading end of the vacant area each time the
TDMA is updated.

Fig.11 shows the structure of the TDFL.

The TDFL is made up by clusters 1 to 4. The contents of the TDFL may be
understood by comparison with the DFL of Fig.6. That is, the contents of the TDFL

is similar to those shown in Fig.6 in that the leading 64 bytes represent the defect



Meanwhile, in the TDFL, OOh is padded up to ahead of
the last sector of the cluster to which bel ongs the
wo ec@4i1i2egs end of t he exchange address i nfor nat POTYIP20M2008646

TDDS is recorded in the |last sector. In case the

trailing end of the exchange address information

bel ongs to the | ast sector of the cluster, 0 is padded

up to ahead of the |ast sg¢tor of the next cluster,

and the TDDS is recorded in the |ast sector. The

list mdithgliticht Sefophtations &h@éﬁaﬁh@fgrﬁddr%soﬁﬁ‘éﬁmﬁﬁoh %tﬁbf'béé{ 8 bytes
to the defect Iisf nage i nformation of
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list of four bytes .as fromthe byte position 4,
the lagle exghangeniseddress iHOrmatipnr aiyNd é@f&@semﬁ the tr@hng end of the
recorded. By so doing, the serial nunber of the defect

exchangesaddresagdoenationnf ormation in the | atest TDFL
represents the nunmber of tinmes of update events of

ﬁ&g@@éﬁ@ﬁe TDYL diffedsSrMAitRE DR tha, thd THFIVEPe clusters

ntries in the de ect |'iTst DFL of four ytes from

1 to 4, B8 SR RSXATRS) ihicorTed i theHEP ﬁ?éors?ééﬁ%ﬁ byiss:

vacant_ areas of the | SA and the OSA of the fou
Meamwhieom theTTDbhodWhoisgrdded 3w oy alaeadyef fheb]raSt sector of the
byte position 24, the values at the TDFL update tine

clusterpts whickabelongs cthe deailingrendsof thet exchanietdderesscidogration. The
address information ati in the TDFL is simlar to

TDDS! 8 %c«%fdeﬁ hg tRX Qﬁh@%%tcﬁ‘dﬁf @’%@tth@ ik ABE e9Q tithe ﬁcﬁﬁ‘ﬁge address

own in Fig.8 suc change address
ntorng R LB bhe PR B e AR i BB of e
last segt%rrtolf r‘gﬁen tne)t(to cl%ggereé(r?g %{1 gTD%So fserse?:lo?c?ed in the last sector.

The 64-byte defect list management information is similar to the defect list
management information of DFL explained with reference to Fig.7.

However, as for the number of times of the update events of the defect list of
four bytes as from the byte position 4, the serial number of the temporary defect list
is recorded. By so doing, the serial number of the defect list management
information in the latest TDFL represents the number of times of update events of
the defect list.

It is noted that, as for the number of entries in the defect list DFL of four

bytes from the byte position 12, that is, the number of the exchange address

information ati, and the size of the vacant areas of the ISA and the OSA of the four



are shown. Such entry is registered in the tenporary
defect |ist TDFL of the structure of Fig. 11. It is
wmoedoedizokmt the status 1 of the exchange addr eBGT/JP2004/008646
information ati of the TDFL may al so be " 0101" or
"1010', in addition to being 0000'. The status 1
bei ng' 0101' or "1010' is such a case in which, when
physically contiguous plussal clusters are
col l ectively subjected to exchange processing, these
bytes 4 BEohetie By® poditioat24 ahy wilbdeat g TDHXapdagetime points are
managenent (burst transfer nmanagenent). That is, en
recordé&‘e status 1 is 0101, the | eading physical sector
address of the exchange source cluster and the
adi ng physical sector dress_of the exchan C
JBS SRS PlPesrepaec addrass IREATERAIAR A48 the TDFL is similar
information ati represent the exchange source and the
to that@f tha egehahest addresoimformatien htiaddi thg Ik sbows ur Eig.8, such that
physically consecutive clusters. On the other hand,

the ex¥hfibe h@desstidforidtfon AH19 ond Ratryeasd MotRKS! é‘aﬁihange source
sector address of the exchange source cluster and tThe

o, AR ABE 5, e PORE  grgesne

of the exchange address information ati represen e
are shyunoSueh €O0BCES AREIStered ol Ko JEMPSAIn deTesh BFt IR “of the
| ast one of plural physically consecutive clusters.
structufbof Fighhén the plural physically consecutive clusters
are collectively .subjected to exchange processing, it

6 iU AbRdeHan iMe tseat@ot EOf tthe eX¢hAARYAddetts EigSormation ati of the

information ati for each of the plural clusters, but

TDFL intla}L f1s8He 01011 'of f@iO’i,fin bA8itotPro being ‘0000°.

The status 1 being‘0101” or ‘1010’ is such a case in which, when physically

contiguous plural clusters are collectively subjected to exchange processing, these
clusters are collectively subjected to exchange management (burst transfer
management).

That is, when the status 1 is ‘0101°, the leading physical sector address of the
exchange source cluster and the leading physical sector address of the exchange
destination cluster of the exchange address information ati represent the exchange
source and the exchange destination of the leading one of plural physically
consecutive clusters.

On the other hand, when the status 1 is ‘1010°, the leading physical sector

address of the exchange source cluster and the leading physical sector address of



exchange address information ati of the |eading and

trailing clusters are entered. The TDFL is basically
w@RovI1a2025 n structure to the DFL, but is feat ureriJiEepo4/008646

bei ng extensible in size up to four clusters, by

recording TDDS in the last sector and by t he

possibility of burst transfer nmanagenent as the

exchange address informat3®n ati. In the TDVA, the

space bitmap and the TDFL are recorded, as shown in

the ex¢hdhg? démarien. clusier bPke (&@Hﬁﬂg@hﬁdﬁhﬁ Gnfisthhdtidd 8 represent

structure) is recorded in 2048 byt es as the | ast

the oXFEHEE LhubCrmC e CeRf s PRRENMOTT, 485 S D™ plura

) Tﬁe TDDS i s fqr nmed by one sector (2048 byt es) and has
physicallk consecHIvg ¢lUsters "t hose of the DDS in the above
DMVA. Al though the DDS is fornmed by one cluster (65536
Mhues)whenbtheapluzl pbysically obnsdeatiDBSchrsterdefaraecbllgetively
to the byte position 52, as explained with reference

subjected fd BxShanbe rdcéssﬁlé‘ eitSiyAgiebiry Q@rﬁrﬁ&t ﬁleaéﬁchange address
recorded int | eading sector of one cluster. Hence,

informz e i 167 2h tﬂé’y“ﬂgn%lﬁﬁael ?@?Per S0 T8 KR fhe two

PCT/ JP2004/ 008646 37 be s romt he

exchauﬁﬁnaéﬁpgw formption aanithe lefdipg an %t%{mg@ lusters asgegtered.
simlar to those of the DDS up to the byte positions O
{The5TD Mo ue basicallesindiiRbSns structure totthe SDELg budcisr fgatired by
as fromthe byte position 4 and the start physi cal

being éﬁﬁ@h@ﬂﬁe (ARIZ bp tof folPFdluiterd, sy ir&'%dirfgbms d@dthaslast sector
fromthe byte position 24. AS fromthe byte position

and b%Dé%’ % ‘séggltyj? ' br3f tfa{Hs%xn%érPa%eﬂPém PLOYHE e&éﬂ&ng& h&ddress
information ati.

In the TDMA, the space bitmap and the TDFL are recorded, as shown in
Fig.9. However, the TDDS (temporary disc definition structure) is recorded in 2048
bytes as the last sector of the TDFL and the space bitmap, as described above.

The structure of the TDDS is shown in Fig.12.

The TDDS is formed by one sector (2048 bytes), and has contents similar to
fhose of the DDS in the above DMA. Although the DDS is formed by one cluster
(65536 bytes), substantial contents of the DDS are defined up to the byte position
52, as explained with reference to Fig.5. That is, the substantial contents are
recorded in the leading sector of one cluster. Hence, the DDS contents may be

comprehended even though the TDDS is formed by one sector.



The LRA (|l ast recorded address) is recorded, as the
| ast recording position information, indicating the

wo ami/1pei ti on of the recorded user data, in tPET/iRR004/008646
bytes as fromthe byte position 1024. This is the
radi ally outernost physical sector address PSN in the
user data area where the data is recorded. In the four
bytes as fromthe byte pos3Zion 1028, the start
physi cal sector address (AD BPO of the |atest space

Bist ey be téen TiOVA the cespafiedn JhEFigd.N2raky K sthehTDDS has
t he above byte positions are reserved and are all of

. i h
contents iR bR OF 48 DR W AT IRATS IR 28" Hagover, the
d th A, dth ble fl Th .
TDDS gl FimpegseitaceEicda HGBHE P E REIT  #g Re e ghphysical
responsi ble for area management of the ISA and the
addres©6AD PHL)eofdHDELZnrtbe TIM Aiis recssded as fram thobgtd position 24.

simlar to the DDS. The TDDS al so i ncl udes the LRA, as

ARefrbat thgtbye PosilRinel 02£ of he"TDIPS, thedformitivnBoét midvided in
and the information specifying the effective | atest

1%% it position (AD BPO . WD 2004/ 112025
the D ;:I?ﬁggcgeﬁ%%% 38 Since the TDDS is recorded in
e t sector of. t space bit and in the |ast ..
1B R (i isopried afdishbEsrecomERorte Distieeonds psition
space bitmap or the TDFL is added. Thus, in the TDVA

informaefiofj indicating theaksst pdsitionTaiDbel recotdedspsaradata innthe four bytes
in the TDFL becones the |atest TDDS and represents the

as fromaties thya®gssdition t 1024, ThisSis e ratihobgbutdiendpasteysical sector

bitmap is additionally recorded and updated, it
address PSN in the user data area where the data is recorded.

In the four bytes as from the byte position 1028, the start physical sector
address (AD BPO) of the latest space bitmap in the TDMA is recorded.

The other bytes than the above byte positions are reserved and are all of the
contents of 00h. |

Thus, the TDDS includes the address of the user data area, the sizes of the
ISA and the OSA, and the exchange area usable flag. That is, the TDDS is the
ﬁlanagement/ control information responsible for area management of the ISA and
the OSA in the data zone. In this respect, the TDDS is similar to the DDS.

The TDDS also includes the LRA, as the latest user data recording position

information, and the information specifying the effective latest space map bit

position (AD BPO).



is possible to grasp the space bitmap to be referenced
at the current tine point. 3-2 LSA and CSA Figs. 13A
war@4AB8B25how t he | SA and OSA positions. The | BA/fR200008646

space area; inner rimside exchange area) and the GCSA
(outer space area; outer rimside exchange area) are
areas provided in the data zone as exchange areas for
exchange processing for defective clusters. The | SA

and the OSA are al so used as exchange areas for

Sﬁfe’éethleYTIDBS)Isdﬂe%rdédTﬁl fiatlast sedoer Of tid spaderbiamupraget in the

address 1 n case a request has been made for witi ng
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| e-1 ayer, disc th
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of the data zone, respectivel Fi g. 13B shows the
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bitmap‘?mer nost sides of the layer O of the data zone,
respectlvely, while the | SAL and the OSAl are forned

th | |
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o] e data zone, I
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fromeach other. The OSAO and the OSAl are of the sane

32 LSA aad OBA sizes of the 1SA (or the 1SAQ |SAl) and the
OCSA (or the OSAQ, . USA 1) are defined within the
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THEISK (inner space area; inner rim side exchange area) and the OSA (outer
space area; outer rim side exchange area) are areas provided in the data zone as
exchange areas for exchange processing for defective clusters.

The ISA and the OSA are also used as exchange areas for actually recording
the data to be written in a target address in case a request has been made for writing
in the recorded address, that is, a request has been made for rewriting the data.

Fig.13A shows the case of a single-layer disc. The ISA and the OSA are
formed on the radially innermost and radially outermost sides of the data zone,
respectively.

Fig.13B shows the case of a double-layer disc. The ISAQ and the OSAOQ are

formed on the radially innermost and radially outermost sides of the layer O of the

data zone, respectively, while the ISA1 and the OSA1 are formed on the radially



fixed subsequently. Conversely, the size of the OSA
may be changed even after the data recording. That
WO 3004t1®230SA si ze may be enl arged by changi ng POBIE0@4008646

of the OSA recorded in the TDDS in updating the TDDS.
The exchangi ng processing enploying the I SA and the

OSA is carried out as follows: The case of data
rewiting is taken as an eyanple. Assune that the

request for data witing for a cluster in the user

innernféat Qn@fﬁﬁalgg Ruferdhids sifs 6l the MerPE8 the @708, rdsPattively.

I's, the request for data rewiting, has been nade.

T 16 Bisinder iskatte 1SR A afe 54 SBRETRRE i size
data is witten in a cluster in _the ISA or in the OSA
from egeh ethez. The QSAHangdhe DA ds&¢ o therpame sidehange

processing is supervised as an entry for the

dhersézesrdfi thodSA éorcthari$A 03 d8AHY andnther@BAI (r the IOSADAOSAL)
I's, the exchange address information ati is entered

are deﬁll\ﬂrl]c%]d‘e\r;v‘ét'rl}?? )@/Hégéfd%énﬁﬂ%ggﬁ phand fhpglata has

een recor ~and wth the cluster

dress the rew.ite data. has en witten in .
The ST phes i Seteifingal R M RaTGE Mublalishih aid gomains
t he exchange destination, respectively. WO 2004/112025
fixed spbyequrentlys sussly sthetizg of the O A sy be changed even after the
rewiting, the rewite data is recorded in the |ISA or

data reicordihpe Th®Ais, ahd QA dixe hangbe @nldriged dnt ehpoagngithesideyof the
the rewiting is supervised by the exchange address

OSA ré&Srabd%h R THDS A iﬁgﬁ X Tbib§e TDVMA. Thus, data

rewiting I's substant realized, frome.g. the

BB U BB s YA TR A Bl dfout s
follow-gl-qh]l(ilg@S gggq Sf’ ngfaaqfeﬁé@tlgg isdgkgﬁtas rg%ng}gaemrr&rét. Aslsflmae t ia}:/ %Ie request
for data writing for a cluster in the user data area where data has already been
recorded, that is, the request for data rewriting, has been made. Since the disc in this
case is a write-once disc, and writing cannot be made for the cluster, the rewrite
data is written in a cluster in the ISA or in the OSA. This is the exchange
processing.

This exchange processing is supervised as an entry for the aforementioned
exchange address information ati. That is, the exchange address information ati is
entered with the cluster address, where the data has inherently been recorded, and

with the cluster address, where the rewrite data has been written in the ISA or in the

OSA, as the exchange source and as the exchange destination, respectively.



be a defective area, the data to be witten there is

witten in a certain cluster inthe |ISA or in the CSA
whyooesacihwahge processi ng and, for supervising tPCEIP2004/008646

exchange processing, one exchange address information

ati is entered. 4. Disc drive device A disc drive

devi ce (recording and/or reproducing device) for the

above-descri bed wite-once4@isc is hereinafter

expl ai ned. The present enbodi nent of the disc drive

dit &€ i @E@bﬁdé‘ta%'v&rﬁn‘i’g‘ GBe Fbweite dhQrisq¥esided, 1n3th6 IISA or in
where only the pre recorded i nformation area Pl C of
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disc, and recordi ng/ updating nmay al so be rrade for
rewritinigeis ThbktantisAy aredlized t frenO84. the peegpessiveyofl fHiegOB4of the host
shows the structure of the disc drive device. Adisc 1

systeni orihé figd @ysﬁéﬁln%kl@ﬁﬂﬁ’o | fif BIBE & FHeSwrite Bhee diskC 1 1S
’oaded 'on a WO 2004/ 112025 PCI/ JP2004/ 008646 41
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be a defgctipg g, @| £ 1 be RuEtleR é%{‘?fédﬁ Vﬁréﬁal} 1 carfain qhpster in the
address or the nmanagenent/ control information, as
ISA ot hir theeOSéc drydescharige paocessinge ahédded sapervxi\zihgl thigy eathange
the grooved track on the disc 1, is read out by an
proces@i@fg' oAk eﬁbﬁ%ﬂ%& addiebd FForhaaen abilis ehfered.
initializing/Tormatting or recordi ng the user data,
t he rranagerrent/ contr ol

4. Disc drive device

A disc drive device (recording and/or reproducing device) for the
above-described write-once disc is hereinafter explained.

The present embodiment of the disc drive device formats a write-once disc,
for example, a disc where only the pre-recorded informa‘;ion area PIC of Fig.1 has
been formed and the write-once area is left unrecorded, whereby the disc layout
explained with reference to Fig.1 may be formed. Moreover, data may be recorded
and/or reproduced for such formatted disc, and recording/ updating may also be
made for the TDMA, ISA and in the OSA, as necessary.

Fig.14 shows the structure of the disc drive device.

A disc 1 is the aforementioned write-once disc. This disc 1 is loaded on a



information or the user data is recorded in the track

in the wite-once area, by the optical pickup 51.
womodngeoeepl ay, the recorded data is read out bYT/gIPP804/008646

optical pickup 51. Wthin the optical pickup 51,

there are provided a | aser diode, as a l|laser |ight

source, not shown, a photodetector for detecting the

reflected light, not show#l an objective |ens, as an

out put end of the . laser light, not shown, and an

turntab&ptﬂcﬁ aho®is Talfing Blesfecoedingwior féprrodhd:ml@(g&ﬁ rhtign the disc 1
| aser I'1 ght through an objective lens to a

is ron ipFEEHIETS £ ?"Se‘gs?%f it 19{7??[‘ REOdIf (CEV) By £GhiEdIC bbb 5. |
Bio a1 sonien dioom | Gmosal ety The hocadity, 0888 or the

di rection. The optical pickup 51 in |ts entirety is
managemeats| eortyolainfbrmatien,hasithen m8-readbusied ifermatpal embedded as
direction of the disc. The |aser diode in the optical
wobbhﬁgcbfI Phé lorbevel itk bAr tHetisci g id head anrrby iaghboptibyl pickup
drive signal (drive current) froma |aser driver 63.

04{ 112025 PCT/ JP2004/ 008646 42 The information
(optical fre (fi)?ﬂefl ected light fromthe disc 1 is detected by

the ector within . the _ optic i.ckup 51 and
bnitlhlzing Greiire o regQyAume thr bisE et fif Farfiaient control

recelved light volume to a matrix circuit 54. The

informationior theruser datvis resonded ie the teackunrtbatwiits-page area, by the
converter and a matrix calculation/ anplifier

opticalcpibkﬁ‘]%) 1. Dhrﬁﬁgsfé?l@f ithe retdrdetiRito W watl cutbyethie éptaval pickup
t'he ur al recei ving el ements, as

51 photodetector and gener ates needed S|gnals by the

" matrix cal cul ati on processing.

Within the optical pickup 51, there are provided a laser diode, as a laser light
source, not shown, a photodetector for detecting the reflected light, not shown, an
objective lens, as an output end of the laser light, not shown, and an optical system,
also not shown, for illuminating the laser light through an objective lens to a disc
recording surface or routing the reflected light to the photodetector.

Within the pickup 51, the objective lens is held by a bi-axial unit for
movement along the tracking direction and along the focusing direction.

The optical pickup 51 in its entirety is movable by a sled mechanism 53
along the radial direction of the disc.

The laser diode in the optical pickup 51 is driven for emitting the laser light

by a drive signal (drive current) from a laser driver 63.



For exanple, the matrix circuit 54 generates high
frequency signals (replay data signals) corresponding
wo eostheoeepl ay data, as well as focusing errorPGI/greads008646

and tracking error signals for servo control. The
matrix circuit al so generates push-pull signals, that
is, signals pertinent to groove wobbling, or wobbling
detecting signals. The mat4d x circuit 54 is sonetinmes
built as one within the optical pickup 51. The replay

TRE SnfbaNAiSn AR reflEQBH iht"BbA ¥h& Idisdill iddetedf&] by the
supplied to a reader/witer circuit 55. The focusing

photodg{eggérv S\ngﬁﬁnc m@ ggﬁéﬁﬁ iHl f ]8 u@rﬁd gﬁ%llt Sg? g;ﬁ}a eiggt&mtaf) signal

sent to vvobbl cuit 58. The reader/witer circuit
proportigngfertpd ﬁﬁe%ﬁlﬁ%d flgébmoh@n@tp 7 EPAtEX GEGUL 3t gnal s,
whil e perform ng replay clock generating processi ng by
The Rhtrix Theuitesidaclwdes erg. aciurcent!voltgpeochmestedainal a matrix
read out by the optical pickup 51 to send the

calculaiidpy adisieter SR, %sﬂgﬂ SRith e ok &@eﬁﬂ“ﬁrbﬁﬂﬁﬁe plural

a functional part as a er for reptay and a

light réf‘%qgﬁﬂéé an 1§th {a‘ép Ogﬁﬁgtggf g@s éﬁ@rﬁ{?ﬁ g?-f’get%ﬁ mgnafs by the

limted codes are denodul ated, as the decoding

matrix gpladatiom Brogess®8. on the repl ay cl ocks. An ECC
encoder/ decoder 57 perforns the ECC encodi ng of
Bpperdinpde t the matrivocircaitr ®¢ igenaratexdkizidfregnency signals (replay
recordi ng, while perform ng ECC decodi ng of error

e R Phe Hoedu o AR el iviipapts end
tracking error signals for servo control.

The matrix circuit also generates push-pull signals, that is, signals pertinent
to groove wobbling, or wobbling detecting signals.

The matrix circuit 54 is sometimes built as one within the optical pickup 51.

The replay data signals, output from the matrix circuit 54, are supplied to a
reader/writer circuit 55. The focusing error.signals and tracking error signals are
sent to a servo circuit 61, while the push-pull signals are sent to a wobble circuit 58.

The reader/writer circuit 55 performs binary coding on replay data signals,
while performing replay clock generating processing by the PLL. The reader/writer
circuit reproduces data read out by the optical pickup 51 to send the reproduced

data to a modem 56.

The modem 56 includes a functional part as a decoder for replay and a



menory and subjected to error detection/ correction

and deinterleaving to produce reproduced data. The
walatoa/1theended to the reproduced data by the EQET/IP2004/008646

encoder/decoder 57 is read out under a conmand from a

systemcontroller 60 and transnmitted to a host

devi ce, connected in circuit, such as an AV

(audi o-vi sual ) system 120.43The push-pul | signals,

output fromthe matrix circuit 54 as a signa

i ' ol reeuRlin®bbl i ng, are processed in
functlo?ﬁl(;f)z\i/\rg%gltag%i Pcui t 58. Tﬁ%@push- pull signals, as the

DIP jnformatio [ at ed b )
ﬁ* rrgghy, 5B qrggn[g ﬁgﬁ{egieg?);agg mﬁxeef oﬁnﬁ%ﬁgﬂ&lg the decoding
address, so _as to be siéppl ied to and address decoder

procesgng, nredenthesepiascel9eks 59 decodes the data supplied

to generate an address value which then is supplied
A EOE susbden dandden| Sepertormd e FUEE eencoding @érappending the
al so generates clocks, by the PLL processing

| ' lvohils wepforafing "EOCt decotdhplof error
error Cgﬂg%ﬁ??rkg’éfegﬂ s6 g%oﬁgﬁgg% 2004/ 1120%5
PCT/,JR2004/ 08646 44 generated cl ocks to various
correciRIBHARIEPRY - encodi ng cl ocks during recording. The
ush-pull signals, as _the push-pull signals .output .
Buﬂng replapt date demedulateddy t wﬁe%%éﬁ‘é? dakiny f‘#ﬂé‘ﬁtmtemal
to groove wobbling, and as the pre-recorded )
memorynhad wabjeeted & €rroa rdetdivay/ casectiont and deinjeri¢aying @ [psoduce
circuit 58, so as to be supplied to the reader/witer

' Lhi, 55. The push-pull signals are then
repmdgﬁ(g%{-aéoded to forma data bit streamwhich is then

et rcodan odSe iyt fafit bl TREC epcoder/decoder 57 s
read oiu? fucr)liig?tai gc?rhn;g;l% %rc())m a system controller 60 and transmitted to a host
device, connected in circuit, such as an AV (audio-visual) system 120.

The push-pull signals, output from the matrix circuit 54 as a signal pertinent
to the groove wobbling, are processed in the wobble circuit 58. The push-pull
signals, as the ADIP information, are demodulated by the wobble circuit 58 into a
data stream, forming an ADIP address, so as to be supplied to and address decoder
59.

The address decoder 59 decodes the data supplied to generate an address
value which then is supplied to the system controller 60.

The address decoder 59 also generates clocks, by the PLL processing

employing the wobble signals, supplied from the wobble circuit 58, to send the so



extracted pre-recorded information is sent to the
systemcontroller 60. The systemcontroller 60 is able
WO eooparfoes m vari ous operation setting processPOLIR2004/008646

copy- protect processing operations, based on the

read-out pre-recorded information. During recording,

the recording data is transmtted froman AV system

120 as host unit. These r&cording data are sent to a
menory in the ECC encoder/decoder 57 for buffering.

generatedd d1BERs fPP@iold €otabbnBAS A8 @ncaaRRIgcRY darngeeoldifg.

error correction codes or subcodes, or perforns

IR RTI Bigpdts, 102 SR oS, Bl e, i piroute

t he nodem 56 by, for example, the_ RLL (1-7) PP . )
54, as iestignals pertineitiocroappabling, aRd asdhadrgwpeqrded information
circuit 55. As the encoding clocks, as reference
PIC, ard bahd-fass filtered sy dha gvgbbie edsiuig 58 soiasgta be supplied to the
recordi ng, clocks generated fromthe wobble signals,

reader/Ritde eRLLISTS Ay Eusl‘/@uﬁ%@ﬁﬁaﬂl@ 202 t EBInhre AHHA86Pm a data
45 d. The rec

may be use ording data, generated by the
. ncodj R rocessin e SS i R
bit Su%é‘ e}V/}a?}F t Zsr ﬁ-felnc %@Sdg‘{?%lan ea%gldj E%IP%%?VSP tbFYe the ECC
opti mym recordin ower or dj ust nent of e | aser
encodeg{%e@gaeqo Nk etq,\,@quag]; ataj a% t%gjs @&%Treqqydpﬂegn ormatslon‘ The so
characteristics of the recording | ayer, spot shape of

extracteti pré-aeeorded ghformmatidreisrsenptatihegsyistere @ontrellec 60y, so
as to be then routed as | aser drive pulses to a | aser

TheVeystem cOMrdIR§e60did ible 63 PpRPlorfs VaRRUSUBPEILIdN setting

| aser” drive pulse to a |laser diode in .
processing or copy-protect processing operations, based on the read-out
prerecorded information.

During recording, the recording data is transmitted from an AV system 120
as host unit. These recording data are sent to a memory in the ECC encoder/decoder
57 for bufféring.

In this case, the ECC encoder/decoder 57 appends the error correction codes
or subcodes, or performs interleaving, by way of encoding the buffered recording
data.

The ECC encoded data are modulated by the modem 56 by, for example, the
RLL (1-7) PP system, and thence supplied to the reader/writer circuit 55.

As the encoding clocks, as reference clocks for the encoding processing

during the recording, clocks generated from the wobble signals, as described above,



the optical pickup 51 to effect laser |ight em ssion
driving. In this manner, the pits corresponding to
wo b@4newes di ng data are formed on the disc 1. HOEIP2A6£008646

driver 63 includes a so-called APC circuit (auto power
control) and manages control to render the | aser
out put constant w thout dependency on e.g. the
temperature, as the |aser 4lutput power is nonitored by
an out put of the laser power nonitor detector

may b&usad.ded within the pickup 51. The target value of the
Iaser out put durlng recordi ng and reproduction is

THBRsbObe h%ﬁﬁ?%‘ﬁ'%ﬁ U4 Efio g oeBiing. 1 btRELsed in

dur ng recor di reproductign. The servo circuit
the reagler) JaHer &trgglt\fg;? pyune adinstaenty @?éh% QRIZUM, ferOEdng power or

focu3| ng, tracking and sled servo drive signals, from
adjustmbet éDthesliaser dwidert pulskiwayeformy withgreapect torthm dHaeacteristics of
matrix circuit 54, in order to execute the servo

the rec%l?&i'h 112988 -spbb §hapeSof Eﬁlselaseﬁ thf‘ Br thid MR ordipalige@Neklocity, so
racklng drive signals ar gener at ed, responsive

as to bé %%ﬁoutg{? 44 8’611%1@6%%%%%“8?%9%8% Kogea a0 cri ve

thefocu&:ngé and the tracking cojl of the bia
rbeHasR1sehivER 63 ppHes thpsrpplieq lasen sirye. pmlﬁettﬁ@;laser dlode in
manner, the optical pickup 51, matrix circuit 54,

the optimlvpzicknp iSdutct efddctaladert hight emdﬁsiimg deivihg. douthis me&mev,othe pits
| oops by the biaxial nechanismare forned. The servo

correslgéﬁdiﬁgtto%efe%owﬁl h Ve F@nfed HAGH Aciunp command
ro system controller 60 to turn off the

?ﬁﬁﬁ%ﬁ{rﬁf&%‘éﬁ% in%glgd ?ﬂvg&ﬁgﬁ%ﬁ%‘ﬁ S'Z‘_?rc i it pgw%lr cohftol) and

manages control to render the laser output constant without dependency on e.g. the
temperature, as the laser output power is monitored by an output of the laser power
monitor detector provided within the pickup 51. The target value of the laser output
during recording and reproduction is supplied from the system controller 60, and
the laser output level is controlled to be the target value during recording and
reproduction.

The servo circuit 61 generates various servo drive signals, such as focusing,
tracking and sled servo drive signals, from the focusing and tracking error signals
from the matrix circuit 54, in order to execute the servo operations.

That is, the focusing drive signals and the tracking drive signals are

generated, responsive to the focusing error signals and the tracking error signals, to



The servo circuit 61 generates sled drive signals,

based on a sled error signal, obtained as a | ow range
weoeompameet of the tracking error signal, or onPCh@P2004/008646

access execute control fromthe systemcontroller 60,

in order to drive a sled nechanism 53. This sled

nmechani sm 53 includes a nain shaft for holding the

opti cal pickup 51, a sleddgmotor and a transm ssion

geari ng, not shown, and drives the sled notor

drive th& Sﬁé@ﬁﬁhﬁi‘f‘cdip ah8&hs! @&tlﬁﬁ% \é&)ils b9MB¢ DidMaPni@Hanidi® within the
e

needed sli de novenent of optical pickup 51. A

optical? R G &y B il RS SEHERLBRRIB 1 sk cipapic g servo

. .spindle servop circuit 62 acquires clocks, generated b
circuit 1| apd she sackingomnd foRusipS t;gvévos Qs &Y the bigydal meclqnam%m are
information on the current rotational speed of the
formedspi ndle notor 52, and conpares the clocks to the
preset reference CLV speed to generate spindle error

Han js t ke ' I
Tpngko SR S] RErdpbRn AP ekl 1S Bhind Fom e

PCT/,JB20 0864 7 reader/witer circui : . .
systerm o iR {2 b 8t the 0GR milt Bludll Gifbbe.ESume s sienat
information_on the current rotational speed of the
to carry guh dhe tragk JPMBOPEXHUANS-t he cl ocks may be conpared to
the preset CLV reference speed information to generate
Thiersgieo eircoit 6di genekcates Sheel dvedignais based bnausled @2ror signal,
outputs a spindle drive signal, generated responsive

obtain%dﬁ gﬁgbgllc?\gilgﬁggtc??riﬁ%r&e?ﬁ Giothe ﬁchﬁﬁgS&T&lnghﬁl,aéﬂ 8f tk access
execute control from the system controller 60, in order to drive a sled mechanism
53. This sled mechanism 53 includes a main shaft for holding the optical pickup 51,
a sled motor and a transmission gearing, not shown, and drives the sled motor
responsive to the sled drive signals to effect the needed slide movement of the
optical pickup 51.

A spindle servo circuit 62 performs control for rotationally driving the
sl;indle motor 52 at CLV.
| The spindle servo circuit 62 acquires clocks, generated by PLL processing on
the wobble signals, as the information on the current rotational speed of the spindle
motor 52, and compares the clocks to the preset reference CLV speed to generate

spindle error signals.

During the data reproduction, the replay clocks generated by the PLL of the



The spindle servo circuit 62 al so generates spindle
drive signals, responsive to a spindle kick/brake
wa@eownedo2si gnal fromthe system controll er 60, PCDIP2004/008646

execute the operations of start, stop, acceleration

and decel eration of the spindle notor 52. The various
operations of the servo system and the recording

and/ or reproduci ng system7 descri bed above, are
controlled by the systemcontroller 60 fornmed by the

reader/WrEP - GRIMRHIT (ref&iensy SE188k ¢ F0F ' M doBlind Hrov@Rin®Es become the
vari ous processi ng operations responsive to commands

. fromthe AV s . . _Far I f ht
informyfiGiomife CorREE KPR sl T BT RP R ol 72 Thyathg clocts
controller 60 causes nopvenent of the optical pickup 51
may bgocempaeititesther presefrCLVhgeferearce ppe lél%(m%mrb 0 ggenerate
t hen causes the ECC encoder/decoder 57 and the nodem
spindlébérrbpsgnatsut e t he encodi ng processing on the data
transmtted fromthe AV system 120 (vi deo data or

FHe 1@ vy Qe &Y S%@tﬁﬁts Sdluggilﬂﬂe Vi) sighlE generated

recording is carried out by the er drive pulses

sent, from t.he, reader/witer circui 2004 0
responpel plGoviagisacr Higak Fodike LY ifipy 4f g Gindle motor
descri bed above. Mreover, if a read command
52. requesting the transfer of certain data (e.g. MPE®R
vi deo data) recorded on the disc 1 is supplied from
The. spihdleAérsy sireniti@D alsot pencsetek sppmdlatdrive sigmalsoresponsive
exercised with the specified address as target. That

to a spﬁﬁdle%cﬁ%ﬁ?@ dohtdol ﬁ?ﬂﬁﬁfrbﬁ’n {RE s SREMP oMt STl 60, 1tof &xecute the

S
cause the access operation of the optical pickup 51

operatitggﬁﬁgﬁ(xigs%@dqc\ge Eilficl;r? R He SRR SRS bk kﬁédsﬁﬁdfehﬁo'?&eé‘z.

The various operations of the servo system and the recording and/or

reproducing system, described above, are controlled by the system controller 60
formed by the micro-computer.

The system controller 60 executes various processing operations responsive
to commands from the AV system 120.

For example, if a write command is issued from the AV system 120, the
system controller 60 causes movement of the optical pickup 51 to the address for
writing. The system controller 60 then causes the ECC encoder/decoder 57 and
the modem 56 to execute the encoding processing on the data transmitted from the
AV system 120 (video data or audio data of various systems, such as MPEG2). The

recording is carried out by the laser drive pulses sent from the reader/writer circuit



The system controller then perforns operation contro
needed for transmtting the data of the specified
waleomilnokd t he AV system 120. That is, the SyRCEIR2004/008646
controller reads out data fromthe disc 1 to cause the
reader/witer circuit 55, nodem 56 and the ECC
encoder/ decoder 57 to execute decoding/buffering to
transmt the requested dat48 During recording and/ or
reproduci ng these data, the systemcontroller 60 may

55 to tlex &aset deivePBBIa8ldeabribb@ abge®r di ng and/ or reproduci ng
operations or accessing, using the AD P addresses
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he disc 1, the systemcontr.oller,.6 reads put, the
MPEG%WI&E@ d@@])rrse b e gigc é@ASBPP]tlﬁ‘g fepmg @-a,tﬁ¢ A‘Z gyptem 120,

BCA has been forned, or the pre-recorded information
the seekrop@ratior conttetlisaexarbisedowth thegsppoatied address ke target. That is, a
replay-only area. In this case, the systemcontroller

comm&Bi§ iisRRdCaNiholsepib Iheuesk wreale tit Wetet0dpekad88 of the
PCT/ JP2004/ 008646 49 with the pre-recorded data zone

optical PieRin 3188 piecti®] vty bUfidr S e R b b bedpiffnand as

circuit to execute the access operations of the
atargehpti cal pickup 51 towards the innermost rimof the
di sc. The system controller then causes the optical
dihek Lgys&mt contedler e thepl performsceopgretiani @woatod needed for
acquire push-pull signals as the reflected |ight

transmﬁﬂﬁfrlgrﬂ%t d98. of i spafied domainold te AN sysRNG S20L Bhat is, the
wobbl e circuit 58, reader/witer circuit 55 and the

systen%t?&g&ﬂﬁﬁég Sﬁfﬁﬁﬁ (fg%mttﬁe %;f%:gi”i& chi$ A&5R4689wer circuit 5 5,

acqui t e replay a as

modem 56 and the ECC encoder/decoder 57 to execute decoding/buffering to
transmit the requested data.

During recording and/or reproducing these data, the system controller 60
may exercise control on the recording and/or reproducing operations or accessing,
using the ADIP addresses detected by the wobble circuit 58 and the address decoder
59.

At a preset timing, such as on loading the disc 1, the system controller 60
reads out the unique ID recorded on the BCA of the disc 1, if such BCA has been
formed, or the pre-recorded information (PIC), recorded as the wobbling groove in
the replay-only area.

In this case, the system controller exercises control on the seek operation



pre-recorded information or the BCA information. The

systemcontroller 60 perforns |aser power setting or
w@oy/1moet ect processi ng, based on the pre-r erOr/a2004/008646

information or the BCA information thus read out.

Fi g. 14 shows a cache nenory 60a within the system

controller 60. This cache nenory 60a is used for

hol di ng or updating the TDFL/ space bitmap read out

fromthe TDVA of the disc 1. The systemcontroller 60

with th@‘iﬁb%bérdeﬁ' @MAYonk PR 35 2Ctabeet OThhORIKRY s?sfteﬁﬁ@cnﬁt(ﬁl?er issues
1, to read out the TDFL/space bitmap recorded on th

s om0 AEO O TS e s

carried out data wite or defects, the stem
operatigh of e @ptlwdatﬂégp Phdowardsy %@@ean@mm %ﬁdl@(he

cache nmenory 60a. |If exchange processing is carried
The sygtadatcontroller thendemsuaes ehe iopticabpickipotd, to executdeeplay
space bitmap or the TDFL is updated, the TDFL or the

e SN R0 08 TR, e

system eIl anda PR W SRy byt e

For this reason, the TDFL/space bitmap i s updated in
ECC epgpedaridacedse Adrip executethe fdeeodingiteacquire thiedeplay datgms the
the disc drive device or until a command is issued

pre-recorded irfferihation dethe BCAdnfornetampl e. The | ast (that

is, the latest) TDFL/space bitmap in the cache nenory

8 st thRftollRr (4 phbdinR 148 Bbwer Let@hsNoTopY protect
processing, based on the pre-recorded information or the.BCA information thus
read out.

Fig.14 shows a cache memory 60a within the system controller 60. This
cache memory 60a is used for holding or updating the TDFL/ space bitmap read out
 from the TDMA of the disc 1.

The system controller 60 controls relevant units, e.g. on loading of the disc 1,
to read out the TDFL/space bitmap recorded on the TDMA, to hold the so read-out
information on the cache memory 60a.

If then the exchange processing is carried out by data write or defects, the
system controller updates the TDFL/space bitmap within the cache memory 60a.

If exchange processing is carried out by data write or data rewrite operations,

and the space bitmap or the TDFL is updated, the TDFL or the space bitmap may



the time of ejection. In this case, a |arge nunber of
update events of the TDFL/space bitmap may be
wa@oelkacioevel y updated on the disc 1, thus redurCTgP206M008646
consunption of the TDVA of the disc 1. On the other
hand, if the TDVA of the disc 1 is updated only at the
time of ejection or on receipt of a command fromthe
host device, it may be feated that the chance of the
update operations is snmaller. During the time period

be additiGBllyheecdr@edrigi e ADINE JfStie diical ogndhheinsk ?cﬁe Jupdatmg is
until "the updating of the TDVA on the disc 1,

perforrﬁ% égc{\yé'\?ega cﬂ g@ ecca rd'tﬁe% e’f'lg?ig%\h f TﬂX‘“gngc - &tn % excessively

dfffil rabl e that such t| me period is prolonged. Thus, in
consurg present enbodi nent, the chance of updating the
TDVA on the disc 1 is kept even in case the gap is
Fenthistreasony thex TDIdL/spaesbitnsipvie updatdiein teocatihegmemory 60a
the user data, as wll be explai ned subsequently.

until tH‘éeéi@W isCej ek:fbd ﬂ%n‘l lhe aisrca&M@ d%tzfdéCéﬂJﬁﬁtlpa dd8nfindCis issued
drive deV|ce of di sc drive device is

rom GRS a%%p%a@ﬁep@;%%&%@aﬁﬁgg{w@ﬁwsé} TDFLspace

nputer, as the disc drive device of h sent
bitmap; ¥t Gashe gAY 09 is, Wrikignga thechRM the disgobsuch as at

device. Still alternatively, the disc dr| ve device may
the timetobejectiveciedtiio cdsecra large prenber lof unpdatec@vents of the
the operating unit or the display unit may be

TDFL/%&B@ HﬁﬁlaPoﬁiath@ cofledtiVaRUipRHeP Un tHY @fscag; ﬂﬁls%%ﬁhcmg the

in“structure formthat shown in Fig.1

compifanit S Dbl " Leior L 0 s :

! atLplgto grs har?crl 1Iffthzé1 ,lt,]%lrwr&noafl the ncilgc flolrs dpn altjéc{ 8 yp g% the time of
- gjection or on receipt of a command from the host device, it may be feared that the
chance of the update operations is smaller. During the time period from the
| recording of the user data on the disc 1 until the updating of the TDMA on the disc
1, the state of user data recording and the TDMA are not matched to each other on
the disc 1. It is not desirable that such time period is prolonged. Thus, in the present
embodiment, the chance of updating the TDMA on the disc 1 is kept even in case
the gap is generated or extinct, responsive to the recording of the user data, as will
be explained subsequently.

Meanwhile, in the illustrative structure of the disc drive device of Fig.14, the

disc drive device is connected to the AV system 120. Alternatively, a personal



data is forned. 5. Generation and extinction of gap In
the present enbodi nent, the generation and extinction
woboheogip is the chance of TDMA updating onpPthaP2i&£ms64s

1. First, the gap is explained. The gap in the context

of the present enbodi mrent nmeans an unrecorded area
generated in a region up to an address on a recording
medi um speci fied by the LRA as the last recording
position information of the user data, that is, in a

comput@giagnthendibd erivieadévick Yof ﬂiﬁ%re%éﬁﬁirﬁfenﬁbﬁ, EB‘\ekﬁn?M, may be
e

user data area. Since the is the address of t

I ' sector of the pre-recorded region on
conneclttﬁcztanglfo%F%@%&er nost side in the user data area, the

ap, is the, unrecorded egi on ahead of the recorded
%@@i SRR . & %Z%& it dlevice gare et be tronpegted to other
data is recorded in a padded fashion fromthe inner
equipmént Isithis aises the opémtingnout or she dispdayapithmayi be provided, or
defined is usually not generated. WO 2004/112025
the daBCHpARARAGIORREARCING2ubRUENS" diffirtin 4thGcraRs ifoah Maphdwn in

of t'he present enbodi nent, Fandom accessibility is

f
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Fig 14030 Shf, s ARIREE P SBEREERE et el if ried oue
fromthe inner rim, and hence the chance of neration .

respongive,feathe; user s oReIatinBS gl %tqrﬂanﬂrl@&lé%9r Estiaawk of various
Referring to Figs.15A to 15E, a typical status of gap

data isdermedt i on and extinction is now explained. Figs. 15A
to 15E show the transition of the recording states of
the user data area on the disc. Fig.15A shows the
state of a blank disc where no user data has been

5. Geneffifi 51 extinction of gap

In the present embodiment, the generation and extinction of the gap is the
chance of TDMA updating on the disc 1. First, the gap is explained.

The gap in the context of the present embodiment means an unrecorded area
generated in a region up to an address on a recording medium specified by the LRA
as the last recording position information of the user data, that is, in a region on the
radially inner side of the LRA in the user data area.

Since the LRA is the address of the last recording sector of the pre-recorded
region on the radially outermost side in the user data area, the gap is the unrecorded
region ahead of the recorded region in the user data area.

In general, the user data is recorded in a padded fashion from the inner rim

side of the write-once disc, the gap herein defined is usually not generated.



In this case, the user data area in its entirety is an
unrecorded area. This is not the gap in light of the
wa@banaimes i nition. That is, in this state, thePET/IER0MN08646

gap. Fig.15B shows the state in which the user data

has been recorded froma [|ocation which is partway on

the disc in Fig. 15A. This recorded area is terned a

recorded area #1. In this 32ase, the |last sector

address of the recorded area #1 is the LRA. Hence the
HoweveR! wiirtHe dpicePdied 1t betHedstesédnethbd@méiitdfandont Becessibility is

recorded area #1 is the, gap. That is, the gap is

r at . [ e unr r e e
assured! 7 Ry E IR oS bty GHERHEY BeCDod bl poed not be
the gap., Fig. 15C shows the state jn which the user )
recordeghimpd @aéd%%hi%ﬁp@é@%mym and hepeeyths Ghanee of generation
state of Fig. 15B. This recorded region is a recorded
of what #3s |rtetthed ctee, ghp gam i s thpl i t present t wembzodiment.
a new gap has been generated by this splitting. WO

2RQ4dr1he0%5 1Hed/ 1552%4/1@@5,56%625&1' dtahis BPt &t th%aferation and

since tfie user data has not béen recorded on't

extinc 81 pb ) e $54 U0 58 B8P3 ot Fdoring

user data has been_ recorded at the |[|eading end of the
states qfdfie user datarasaa opthendisfe state of Fig. 15C to forma

recorded area #3. The user data is recorded in a gap

Figt Mt shows thestatelofladmak discamberehe useratatalbds beenm récorded.

to forma recorded area #4. As to the recorded area

In this®t3se e §8 dafphAea BSitY RAArét§ G AL EnRcoAdRPAIa0 THH is not the
the " gap, which has existed, “fromthe | eading end

gap in h';-;ﬁ{ §Plhe AV ddinitiBhS THIE i, i thi§ Str€ fere is no gap.

Fig.15B shows the state in which the user data has been recorded from a
location which is partway on the disc in Fig.15A. This recorded area is termed a
recorded area #1.

In this case, the last sector address of the recorded area #1 is the LRA. Hence
the unrecorded area on the radially inner side of the recorded area #1 is the gap.
That is, the gap is generated.

Meanwhile, the unrecorded area on the radially outer side of the recorded
area #1 is not the gap.

Fig.15C shows the state in which the user data has been recorded partway in
the gap in the state of Fig.15B. This recorded region is a recorded area #2. In this

case, the gap is split into two, and a new gap has been generated by this splitting.



new gap to be generated. The gap which has existed has
been padded with the user data, by the recorded area

W@ 4004/Ti0085 r epr esent s gap extincti on. Meanwhi | ePCT/OP200M/®8646
case of Fig. 15D, the LRA again is not changed,
because no user data has been recorded on the
radially outer side of the recorded area #1. Fig.15E
shows a state in which usef3 data has been recorded
partway in the unrecorded area (not the gap), on the

Ttas indtdd/tHR! Ghcd ttCulr dabehid Aot BéeH fddosddd emthé BRlially outer
state of Fi'g.15D. This recorded area is the recorded

. ' ed area exists on
side of fEReineh dedd . FEIRAIS pol RRZFLITG 8 oren o, - Thus,
he nrecorded area, beconmes. a new gap., Further, in
8 &51§a§1@9wgith@ eStatgeln duclydhe wpss C??é@rhqse%%@ruéaccgded at the
radially outer side of the recorded area #1, the LRA
leading endipdfldhe dsendathareal diremssthefstateeof Bist. 1 5€ dorfdima recorded area
sector of the recorded area #5. WO 2004/ 112025

#3. ThRCGhSekPARRA1 P8R ed Sth Ihgz#g HerivecH e AlRRdEd 22¥d #1Ctand the

responsive to the record of the user data, as

recordegcﬁglger&:%ﬂq f}ﬁ%gﬁgfq@g%%?é%%?- b:agnt ggng: nggt or becone

extinct in this mapnper, the nmanagenent inforation |,
Asdpdhe recqrded @seh el niigdisr data hasbgen recorged at a portion of the
i nformati on of the TDVA (viz. the TDFL/ space

gap, whichniegs) existedwicn ¢ne toadime end shereof tandrhivd thizddoésngot cause a
6-1 Updating responsive to gap generation and

new gapol Chédtatdile processing for updating the TDVA of the
isc 171s hereinafter expl ained. )

The gap which has existed has been padded with the user data, by the
recorded area #4. This represents gap extinction.

Meanwhile, in this case of Fig.15D, the LRA again is not changed, because
no user data has been recorded on the radially outer side of the recorded area #1.

Fig.15E shows a state in which user data has been recorded partway in the
unrecorded area (not the gap), on the radially outer side of the LRA, starting from
the state of Fig.15D. This recorded area is the recorded area #5. In this case, an
unrecorded area exists on the radially inner side of the recorded area #5. Thus, the
unrecorded area becomes a new gap.

Further, in this case, since the user data has been recorded at radially outer

side of the recorded area #1, the LRA is updated to the address of the last recording

sector of the recorded area #5.



Anong the contents of the TDMA, there are the space
bitmap and the TDFL, as described above. In case data
wo soomacoetied, the space bitmap is necessarily PQETiaR2064/008646

On the other hand, in case of the exchange processing
due to defects or data rewiting, the contents of the
TDFL are updated. Moreover, in the space bitmp or
TDFL, the TDDS is recordedks4 n the | ast sector, and
the LRAis included in the TDDS. It is noted that the
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| owm ng expl ana t he case of updati ng,
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data recording, is taken as an exanple. If the .
been geRerripdoTpbEe@IBS| MEINGH inhE1H VARG othgi MgnRgEMSEE dnformation
carried out, and the TDFL updating is needed, such

stored Wpdhe icaghe smemorye@i)a; tthatsisnthe dnéaumsatyjorwiof the HEDWA. (viz. the
2004/ 112025 PCT/ JP2004/ 008646 55 updating of the

TDFL/tsggﬁgﬁg?ﬂ\ﬁ%@gﬁ i};}?it{eﬁ lﬁfﬂel S%ng, this is not referred

e present enbodi nent of the disc
drive device, the contents of the space bitmap,
recorded in the cache nenory 60a, are necessarily
updat ed responsive to the recording of user data on

6. TDMﬁeupldfgmg That is, the cluster, in which recording has
been made, is set to '1l', by way of updating. If the

6-1 Updefinhasspassive tmpge genéation\aalduextifctione LRA in the
TDDS of the |ast sector of the space bitmap is

st o E’ess l?%i?@t %&E‘tﬁ%gko ;T‘;/E%/Pé dfgﬁeé %lﬁ’%cat? ésﬁlé%&?gbf%er Ggexplamed
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as described above. In case data is recorded, the space bitmap is necessarily updated.
On the other hand, in case of the exchange processing due to defects or data
rewriting, the contents of the TDFL are updated.

Moreover, in the space bitmap or TDFL, the TDDS is recorded in the last
sector, and the LRA is included in the TDDS.

It is noted that the information within the TDMA is updated as necessary. In
the following explanation, the case of updating, on the disc 1, the space bitmap
(including the TDDS having the LRA), necessarily changed responsive to data
recording, is taken as an example.

If the exchange processing in the data recording has been carried out, and the

TDFL updating is needed, such updating is carried out simultaneously with the



addi ti onal updating of the space bitmap in the TDWVA)
is not carried out each time the user data is
woewand®wads I n the present enbodi ment, there arBCT/JP2004/008646

followi ng four chances of recording the | atest space

bitmap stored in the cache nenory 60a on the disc 1: a

case in which a gap has been generated by user data

recording; a case in whic§p a gap has becone extinct

by user data recording; a case in which the disc 1
updatiﬁgsof—‘ﬂﬁcé de tﬁﬁﬂ?‘g.gnﬁﬁé%llw,%iﬁ@. R defc@r&Pimacifaslly.

been issued fro ost. Here, the processing of

rEBHEb A8, 5 o e 85 i PRRHRPof he space

recording, that is, the processing at the tjne of the
bitmapy ge¢ordgd gnrthéd‘ra&hﬁgrpen@rgﬁﬂaaiaﬁw%cw&miul;él,at%ch&sponswe to
processi ng, hereinafter explained, is the processing
the recoR1in@Oaf sz QPfia RATthEPAR04TRAB &) Ghe Thugier, fiar whittbyecobding has
systemcontroller 60. Fig. 16 shows the processing at

t: trhe ' I Al
been Ilil%git, it "5t 96 ,by%)(gﬁf dRGY. dF tHe ILRA ﬁay%\@ggs@qﬁﬁgg\'d, the

a user ata” wri reques for a certaln address

vt 38 165K TR el R o r S Do, Al e

Ej ocessi ng of Fifq. 16 is_carried out, in the system
b8 bie| emtents offthe space pitman, storedon, thercaehe Inewory 00a, are
data recording is carried out responsive to a request
matchdd wnhe presilinghiser datoredordingrstatessi ng is carried out
on the cluster basis. Although the detailed sequence
®h {he SRR KAKDT B QpRaARESSE "IDMAL ii¢ BkeBisc 1 (mainly the
additional updating of the space bitmap in the TDMA) is not carried out each time
the user data is recorded.
In the present embodiment, there are following four chances of recording the
latest space bitmap stored in the cache memory 60a on the disc 1:
- a case in which a gap has been generated by user data recording;
- a case in which a gap has become extinct by user data recording;
- a case in which the disc 1 is ejected; and
- a case in which an update command has been issued from a host.
Here, the processing of updating the TDMA of the disc 1 in case a gap has
been produced or become extinct by user data recording, that is, the processing at

the time of the user data recording, is explained.

Meanwhile, each processing, hereinafter explained, is the processing



F101 is not shown, the systemcontroller 60 executes
the follow ng processing as the processing in the
waeb@p/1Eod . First, as reference is nade to thePCPaR2004/008646

bitmap in the cache nenory 60a, the systemcontroller
checks whether the address (cluster) specified for

data witing fromthe host has been recorded or has

not been recorded. If the 3ldress (cluster) has not

been recorded, the processing of recording the user

perfonﬁeafby tﬁ@@@bﬂeﬁ@cﬁﬁ@ﬁlléﬁéoh%t in the specified
dréss, Is carried out. If conversely the speC|f|ed

%ﬁ’éjﬁﬁ%ﬁo ATpREFGLssSY e shPE o MRS AR SR ReCRANR.

IS, carried out exploiting . the exch Qce

Foiscarwrssumid 1At 6oy atg it TEARSSt 1O &ﬁ%@ﬁ}mlﬁﬁsasgs N has

the I SA and the OSA, whether or not the exchange
arrivedofrooes diospdéscpomwhidseAV fystém EX); hathye sy iemcesdiolleritd).

possi bl e, the present user data is recorded in the |ISA

l‘i‘(thhd”cddéetl@ﬁfOCEQﬁQ WF/FEAG2A3 Rirléd 8@9&1‘%@%@@% cohtroller 60.

Spec:|f|ca y, the recording is carried out in the
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address N wll be exchanged to a cluster in the I SA
requespfropmsahosh this case, the TDFL is also updated at the
time of updating the space bitmap in the next step
hi@recotdingt probessibge éncawiedtart dmtherdusterpasis0l in the
address N, the space bitmap is wupdated in a step F102

AR IC ARGt iRER s¥qhSice bP tiY d8fa Itel&@%dlhgqn@bagssﬁﬁg olﬁd the step

where ™ data has been witten is indicated as such

e S HEALO b TR AR s
the prosc%glglgg%tt step Flad 50 updat ed.

First, as reference is made to the space bitmap in the cache memory 60a, the
system controller checks whether the address (cluster) specified for data writing
from the host has been recorded or has not been recorded.

If the address (cluster) has not been recorded, the processing of recording the
user data, supplied from the host, in the specified address, is carried out.

If conversely the specified address has been recorded, the present data cannot
be written in the specified address. Thus, data rewriting is carried out by exploiting
the exchange processing function. That is to say, it is first checked, using the ISA

and the OSA, whether or not the exchange processing is possible. If the exchange

processing is possible, the present user data is recorded in the ISA or in the OSA.



Then, in a step F103, it is verified whether or not

the gap explained with reference to Fig.15 has been
w@eoenatoesl or has becone extinct as a result oPCT/NR2004/008646

wite processing in the above step F101. The

processing in this step F103 is shown in detail in

Fig.17. First, in a step F201, a bit corresponding to

an address N1 in the spacs)¥ bitmap within the cache

menory 60a, that is, the space bitmap updated in the

Spec1ﬁ@hllg Cfﬂeyreiébﬁﬁhg 48 cabredd bAPn the cREEH inGle ISA 8r OSR, in place
i's checked whether the bit corresponding to

of r600%ﬁ®&<€*d{1\%ﬁ9244?%§8 o Pl gpihsactapniatertitrl) 6 thaty ti?eoaééress N

to the currentL% recor ded cluster of the address
will bengkchangeddy »ebistercisotieelSA|1ar OSA. ahuﬂawaw,ﬂhesTDFL is also
unrecorded, an unrecorded area has been generated in

updatednt ehea‘énmmﬁupdaltimgi thelspacebémay nhethefnetxhsteplF 1@t dat a
wite position. Thus, the system WD 2004/ 112025

ff(ara(td RAOBALH Watifkh 111'5ﬁ1ecsqg% 'FlUﬁB tHé QAAERAS N Oth g SRF‘@@ bitmap is

to verify that the been generate

updategaaﬁe‘%:%ﬁr@@‘z e Fsﬁm%)%%‘tf o P, i} o ffster N where

correspaonding, to the address N+ 1 is acqw red in the
data harséaqensweﬁenrmmdlqaat@@@swabe bitmap. In a step F205,
it is checked whether or not the bit corresponding to

Iththe ehidtezsN isHord the dutermost fim tof therudey ddigft ther LRA in the
not the currently recorded cluster next follow ng the

I If th
TDDS 9 {Bé fist QéctbPSfﬁfédgrgga;eéy trhp & 156%@1%&@ uster. If the

resal\l—%llsa 't my ﬁeverlfled
108, 108 SR r@%w@%&eer?‘érc BudfE it Ailaintd win

reference to Fig.15 has been generated or has become extinct as a result of the write
processing in the above step F101.

The processing in this step F103 is shown in detail in Fig.17.

First, in a step F201, a bit corresponding to an address N—1 in the space
bitmap within the cache memory 60a, that is, the space bitmap updated in the
directly previous step F102, is acquired. In a step F202, it is checked whether the bit
corresponding to the address N—1 is ‘1° or ;0’. That is to say, it is checked whether
or not the cluster directly previous to the currently recorded cluster of the address N
has already been recorded.

If the address N—1 is unrecorded, an unrecorded area has been generated in

an area on the radially inner side of the current data write position. Thus, the system



that the currently recorded address N has so far been

a gap. It may further be verified that the gap has
wmoeowshewns padded by the current recordi ng. HenBET/JR2004/008646

may be verified in the step F206 that the gap has

becone extinct by the current recording. If, in the

step F205, the address N+1 is unrecorded, it may be

verified in a step F207 t$f&,t gap generation or

extinction has not occurred with the current

controll&CHFdeBEs 1l skip FRO4 by yeafyiaithBe gap haQtheei®et@Pated with the
generation or extinction hds occurred, by the

' Fig.17, the processing is branched at a
cunenﬁ@@%giﬁgggvﬁﬁFi9_16’ depending on the results. If no
p generatiqn or_extinctjon has occurred, .it is )
iﬁm@rse&y athgy addrasse N‘\'/\heltfhégeoﬁteﬁotF edt Legopdpd, the bit
unrecorded data, that is, any data requested to be WD
correspafiing 1a0te RidkesSPNIOU H@8G4led 58 thecmextedep 20X e the space
host. If there is any such data, the address is added

bitmapPY.[ntzi‘a ggég}‘e@% itofs EHRLSBGWREer W Kbt 1R Qﬁ'c&fbsgbﬁﬁin{%eto the

new ss N That is, the next cluster is the wri

odare LR 1 TSN YA R i ol nee

newl .y bheen generated or_has becone extinct in the step
followpgidie clusfer & theaddisns Nots| arecordedelistaro t he step F105

to wite the space bitmap/ LRA in the cache nenory

gD theaddiess tN#E ipailreadyt feabrdes], it meays paceerifiedrélmt the clusters

updated in the step F102, on the TDVA on the disc.
ahead and in rear of the currently recorded cluster has already been recorded, that is,
that the currently recorded address N has so far been a gap. It may further be
verified that the gap has now been padded by the current recording. Hence, it may
be verified in the step F206 that the gap has become extinct by the current
recording.

If, in the step F205, the address N+1 is unrecorded, it may be verified in a
step F207 that gap generation or extinction has not occurred with the current
recording.

After verifying whether or not the gap generation or extinction has occurred,
by the processing of Fig.17, the processing is branched at a step F104 in Fig.16,
depending on the results.

If no gap generation or extinction has occurred, it is checked in a step F106

whether or not there is any unrecorded data, that is, any data requested to be



The processing in this step F105 is shown in detail in

Fig. 18. First, in a step F301, the TDDS i nformation
wWobRooRi1geo22, held in the cache nenory 60a (i nfPCTVERA0011008646

for one sector inclusive of LRA) is added as the |ast

sector of the space bitmap in the cache nenory 60a. In

a step F302, the space bitmp, added by the TDDS, is

additionally recorded in $he TDVA of the disc 1 (see

Fig.9). The above processing is carried out until it
recordé& hd ABS. T éjﬁtﬁx N&P@z{tﬁeﬁw e\dﬂr&&emsicﬁléd"_bkpﬁw number
conre depl ete data write request for

o e SRSOEL SR S E?P%déﬁagmofﬁ%‘r i i G s e

recording the user data of the first one cluster, the
write afidkgsof the disc 1 is updated. If a data wite r equest
for two or nore clusters is nade frome.g. the host,

Whe28)3 4 rh 16t fol RETed €129 0d 1RO 866 F 1060 tarrécbﬂahdgmpnh’dm address
been generated or beconme extinct directly after
N recording the user data of the first one cluster, the
" TDMA of the disc 1 is updated at a tinme point
ectly. after t Witin f _the rst cluster.
Tt e 25 gy Dot genstitef or B diegotl eyt tnt S%P F104,
followng clusters is then continued., O course, i
the systam geniroler pumeedysndhasiep BI04 Wiledhe Wace rk&tmﬁg/ LRA in
the recording of the second and the foll ow ng

the cacHeumieiicry 60zeattByRimé pbhie, thas és, thé spagedsitedp Wpdated in the step
Updating at the tine of disc ejection The TDVA

F102, Hﬁ‘%ﬁém gﬂﬁecal 1 (additional recording to the

pace tmap I's al'so carried out at the time of the
Cilhe pr cessmg I this step F105 is shown in detail in Fig.18.

First, in a step F301, the TDDS information of Fig.12, held in the cache
memory 60a (information for one sector inclusive of LRA) is added as the last
sector of the space bitmap in the cache memory 60a.

In a step F302, the space bitmap, added by the TDDS, is additionally
recorded in the TDMA of the disc 1 (see Fig.9).

The above processing is carried out until it is confirmed that data unrecorded
in the step F106 has become depleted.

Thus, if a data write request for one cluster is made from e.g. the host, and
the gap has been generated or become extinct directly after recording the user data
of the first one cluster, the TDMA of the disc 1 is updated.

If a data write request for two or more clusters is made from e.g. the host,



Fi g. 19 shows the processing by the systemcontroller

60 in case of ejecting the disc 1 fromthe disc drive
walenmae023f the disc is ejected by a user operBCT/@rR001008646

under a command fromthe host, the systemcontroller

60 checks, in a step F401, whether or not the space

bi tmap has been updated in the cache nenory 60a.

Lacki ng the updating of thé0space bitnap, the system

controller proceeds to a step F403 to manage control

and the@ap) leas bédre gdheaitdd of Betbine iRt diRetly Sferlrdcosdiag the user
is ejected without data recordi ng theréeon even once.

| a upda i h ; .
data o InERSLGE GRSEE. e TMMACDS ENRE S S Uph L BARE point
. is .addjtionally.recqorded in step F402 in th TDVA
directlyfatie dhepgiiing OFHIETSS qhusie MereCoRINE OfaKer detagH e second
the processing of Fig. 18. After the updating of the
and t lowong rdbstess nanthgadcontimet. ePf Fa@Bsehaf thoegaph dms been
1 WO 2004/ 112025 PCT/ JP2004/ 008646 61 is to be

genera@® ok ¢ds &caniéoaﬁﬁhéwb[mﬁ@ @@@druﬁadg Bf EXTIBEshd hAMtHO Fbllowing
The updating of the T on the disc 1 (additional

clustefse&%r’ﬁbMAo(gfoﬁgedgp?mg gp%%ﬁ?p) is al so perforned

responsi ve 0 the host. Fig.20 shows

t he. processin y..the systemcontroller 60 in case a
6-2 Ull‘gﬂ?ﬁrﬂf tﬁﬁ&’@%@@ﬁ“ﬁ%ﬁ@“ﬂ‘m updating the TDMA fromthe

host. In case the command has been made for updating

fihe TDMMAS updatingeomtise disct héadsljiorah recotding ite thé&Opace bitmap)

step F501 checks to see whether or not the space
is alsolatri®® olingt eaimersTahediddejebgosache nenory 60a.

Fig.19 shows the processing by the system controller 60 in case of ejecting
the disc 1 from the disc drive device.

If the disc is ejected by a user operation or under a command from the host,
the system controller 60 checks, ina step F401, whether or not the space bitmap has
been updated in the cache memory 60a.

Lacking the updating of the space bitmap, the system controller proceeds to a
step F403 to manage control to eject the disc 1. In this case, the disc 1 loaded is
ejected without data recording thereon even once.

In case the space bitmap has been updated in the cache memory 60a, the
space bitmap, inclusive of the LRA, is additionally recorded in a step F402 in the

TDMA of the disc 1. This is tantamount to the execution of the processing of Fig.18.

After the updating of the TDMA, control is managed in a step F403 that the disc 1



Lacki ng the updating of the space bitmap, the
processing is termnated wthout updating the disc 1.
wabeog/11®2% ant anount to the case in which no dap@r/JpP2004/008646

recordi ng has been nmade on the disc 1 |oaded and a
command for updating has been issued fromthe host.
If conversely the space bitnmap has been updated in the
cache nmenory 60a, the spagle bitmap, inclusive of the
LRA, is additionally recorded in a step F502 in the

is to beléMxedl the disc 1. This is tantamount to the
processing of Fig. 18 described above. 7. Processing

5 UraEre R Ao obdsts By osent erbodirent,
dBhriaTnEH Deal bt Booa the sisss! Rediliepebivesdinof g space
host. In particular, since the TDVA is updated by the

bitmapy apalyerperforimed mspensive ¢o acommanddodemahe hosthber  of
times of the updating operations may be realized.

M 20\%BbwsSthBGitobBRidPMWY) B8 syRfenticdatrbllef 60ARERE a command
responsive to the gap  Qgeneration or extinction, it is

ossi Q. verif chi ween the TDVA
has be‘g’bm t@rgﬁd?ﬁ%gg%mgoﬁg%sﬁi e of recording of
the user data by verifying the nmatchin h ap
Im gasethe comannd has bedw mads for wdélémgdgaio'hai\’lﬁn@om the host,
addition, if it is verified that the matchi ng has not

the systean cenfroBer 60dire at step f$01 checlpoversedomhethieoror not the space
exanple, it is only sufficient to update the space

g s kB B ety Sy L coche merory
Lacking the updating of the space bitmap, the processing is terminated
without updating the disc 1. This is tantamount to the case in which no data
recording has been made on the disc 1 loaded and a command for updating has been
issued from the host.
If conversely the space bitmap has been updated in the cache mémory 60a,
the space bitmap, inclusive of the LRA, is additionally recorded in a step F502 in

the TDMA of the disc 1. This is tantamount to the processing of Fig.18 described

above.

7. Processing of verifying the matching
In the present embodiment, described above, the TDMA on the disc 1 is

updated by gap generation or extinction, disc ejection or by a command from the



Hence, if the power supply of the disc drive device is
verified to be in an on-state, the processing of
woeoodfiyioryy t he matching of Fig.21 is carried OPCT/JP2004/008646

Meanwhil e, this processing of Fig.21 may be carried
out not only when the power supply is in the on-state,
but also on loading the disc 1. If, as the disc 1
remai ns | oaded, the power 6upply is turned off and
subsequently turned on, the disc 1 has already been

host. | oaded at such tinme point, so that the processing of
Fig.21 is perforned If the di sc has not been | oaded

?“@‘f’%@%ﬁaﬁ PR IMA Bt %@°§a§ﬁ%ét@a§5n%f%’&’flctlon

t ur ned th th dISC l remai ning | oage fers

a mod%ratqqntl@ ’h@ fthe APAaERE OPSTRIATE HRY re@ ged.
regul ar operatl on but also to the case of the
Motedont,adinpoties TRIA omoflfe dise t is mpdetedstgspbusive to the gap
interruption, mal functions WD 2004/ 112025

generatioh/ éP@Q@M&Qﬁ G 6s p6§s1b1b tdQefify tBNRAChAIY BEtvderfithe TDMA

error on the part of an operator such as inadvertent

conre 5 P48 3o Bl B S b s o

TDVA of the are read out and_taken.into the
matching Mhg&sp Rrﬁeom §ife POV pR Pisdise dQadingi n t he

TDDS of the Iast sector of the TDFL or the space

thin tadklition, nif dt $s wprifiedxhat thé mattleiniechhsihet heen achieoed due to

the LRA, read out fromthe disc 1 and taken into the

68 pR% IR, foPdxampléBit ¢ 6flly Suffiiei! tolupdute tREspRA bitmap/
preV1o f)t he user dat gag}ri)ea of they di sc 1. Thllyps procegsn ng fap

L AR BB , GOPFY s
enré%f i aieapg\%%r as%{:)gﬁl Io the disc drive device is verified to be in an
on-state, the processing of verifying the matching of Fig.21 is carried out.

Meanwhile, this processing of Fig.21 may be carried out not only when the
power supply is in the on-state, but also on loading the disc 1.

If, as the disc 1 remains loaded, the power supply is turned off and
subsequently turned on, the disc 1 has already been loaded at such time point, so
that the processing of Fig.21 is performed. If the disc has not been loaded when the
power supply is on, the processing of Fig.21 is naturally not performed.

The power supply being turned off with the disc 1 remaining loaded refers

both to the case of the power supply off as the regular operation but also to the case

of the accidental power supply off due to power supply interruption, malfunctions



recorded in an address of LRA+ 1 (that is, the address
next to the LRA) on the disc 1. If the processing at
wo b@4tiiawes of recording the user data i s carri eRCDIR208£008646

shown in Fig. 16, the space bitmap or the LRA has

been updated responsive to the gap generation or
extinction, and the address LRA+1 is unrecorded in

this step F70 1, it my be&verified that the LRA as

read out is correct. The reason is that, for exanple,

in the system bpeawn 6tpRl &rdbdE the! Pakosf Rasop ca@irderhadd thadvertent
occurred during the recording of the recorded area #5

i s updated by the processing
extract?(fgn@gaj]lﬁgg%om%h%ckg 6 directly after recor di ng of
e first clu of the recorded area # in this
Lﬁ)ﬂﬁ%ﬁern ) ﬁ@PLEkSﬁmrl%.la@sr $Paek i@@ﬁaptcrregf E%egerqrgeéfm the
verifying WO 2004/ 112025 PCT/ JP2004/ 008646 64 the

TDMAvef ¢hé disd &, aterread lopt iadrtaken énto the, cacheeemory 160a. The latest
address of the LRA+ 1 has been determned in the step

LRA i§pfkent b B PODEEY tHela8f §t4or 6fheSTBFE. &f theRpace bltmap

mat ching is not correct. That is, the user data

BTGRP DRk el L £ ?ﬁﬁ%ﬁkﬁorgiae

into the c nmenor y stesF702t
and takh fionilicoacie MRMEC0s AT horin fetuabispashe LRA of the

LRA+2, LRA+3 and so forth are actually reproduced on
user datharesi efthendiz¢ 1to the LRA+ |. to search an unrecorded

area. If the address LRA+n is an unrecorded area, the

TUN Brceelsihg Wl veriTy iy MesmARBIRS B sHW in etail in Fig.22.

First, in a step F701, it is checked whether or not data has actually been
recorded in an address of LRA+1 (that is, the address next to the LRA) on the disc
1.

If the processing at the time of recording the user data is carried out as shown
in Fig.16, the space bitmap or the LRA has been updated responsive to the gap
generation or extinction, and the address LRA+1 is unrecorded in this step F701, it
may be verified that the LRA as read out is correct.

The reason is that, for example, even if power supply interruption has
accidentally occurred during the recording of the recorded area #5 of Fig.15(e), the
TDMA is updated by the processing of step F105 of Fig.16 directly after recording

of the first cluster of the recorded area #5.

If, in this manner, the LRA matching is correct, the processing of verifying



the address LRA+(n-1), is the inherent LRA Thus, in
the step F703, the value of the LRA in the TDDS
wo aleniiort o t he cache nenory 60a, is updated tBCT/JP2004/008646
LRA+(n-1), which is the inherent LRA value. Then,
even though recordi ng has been made for the LRA+ 1 up
to LRA+(n-1), such state is not reflected in the
space bitmap. Hence, in a & ep F704, the space bitmap,
read out fromthe disc 1 and taken into the cache

the maf@iAg ¥s 8Rectly Sermpilatedd so that these addresses are
pre-recorded. This conpletes the processing of

F BobldleRo RIS P Ry 1585 P Buterbiticd B Rhser 701

the cache nenory 60a, but does not
to be ﬂ%@g e%ﬁ\éﬁergwﬁe stite 108 ToR & matehingris 1t GRETgssi Rhat 1sy the user

the steps F702 and F703, the consecutive addresses on

data hasHeeedi recordeimee st tmemmmaghmm Be2he #dshadddss dd3he user
LRA+1 foll owed by LRA+2, LRA+3 and so forth, are

data. reproduced to search an unrecorded area, and an
address directly previous to the unrecorded area is

h . .
ST e e AR SAB1A g BehFRA Ry e epy 702

F704 %?émd;%m“d' SR gapy between {he LRA 1n TOVA and the
actual LRA, that is that, if the LRAwitten in TDVA

dhat he, dnsthd §tsp nBT02raidvd2; d.RAe-Jacndalsouserthdatea actually
recording state, the actual LRA necessarily becones

reprodﬁ&ai bhailel 8BceRdxOto e IR £+1¢0 8RS %nr@@&%a%x €If the
fromthe address specified by’the LRA witten in

w0 BT 1EE L PR bRl t*bef%fé’@éhat 8
the adc?ress H{Kﬂn—ﬂe 1sS ?ﬁec ?nh%lret:rﬁa ERAt a’lKl(legs |1gtt?16tsrt:]eep F703 the value of
the LRA in the TDDS, taken into the cache memory 60a, is updated to LRA+(n—1),
which is the inherent LRA value.

Then, even though recording has been made for the LRA+1 up to
LRA+(n—1), such state is not reflected in the space bitmap.

Hence, in a step F704, the space bitmap, read out from the disc 1 and taken
into the cache memory 60a, is updated so that these addresses are pre-recorded.

This completes the processing of confirming the LRA matching. Meanwhile,
the update processing of steps F703 and F704 is, after all, the updating within the
cache memory 60a, but does not update the TDMA in the disc 1 at this time point.

In the steps F702 and F703, the consecutive addresses on the disc, namely



menory 60a, is confirnmed in the next step F603, in
order to verify whether or not a gap is retained to
we@xoogti1ions t he space bitmap. That is to say, itPCEJIP2004/008646

verified on the space bitmap whether or not there

exist one or nore clusters or sets of clusters which

are unrecorded areas in addresses on the radially

inner side of the LRA. If 6% gap is retained to exist

on the space bitmap, the processing of Fig.21 is

LRA+1 6blibRideBy LRAGOVERSE!Y ahliesdderths ab€trdprshct@® to search an
exi st the processi ng of verifying t he gap matching

ool et 50 8 e S8 B b gRREARY ot

a gap on_the_space bit s actuyal gap. Thi

to be apqu;@gcg R4 ,’J'Shegfﬁ;\mn,m & alp|caq;e]ﬂpq Brcg:@ssm% of Elg 16 is carried
2004/ 112025 PCT/ JP2004/ 008646 66 First, in a step

out dufifi Irecortding exfdihequsen dajapthiere ti$ eradusedr R0 aimrecbrded kerea (gap)
the gap in the space bitmap in the cache nenory 60a

betwedrStHe ERREth TDMA 8hé Rhé; %8l lL'I@A' aedi19ghAddr @SL.RA WiRten in

gap i s accessed and data is read out thefefromto

o 5 A 5 A L S DB bt e, e

represents a _gap, the address shoul d_ be unrecorded
actual t dm@gamg' Uracomeesadhe trailing jendr af nde tmﬁtrewréed area
gap is matched as on the space bitmap. The system
consecntive fodnehe taddressrspeeifitsl by the ERep wedem in TDMA. st ep
F805, it is verified whether or not there is still

I efte HBCHINE br'veﬁqglgnhbqnmﬁnfg SELRA 3h6/4 inFie22 h4s been

gap the space b suchly unverifjied gap I's

carried[s il éﬁa Bﬁeﬁpﬂﬁéﬁ?%@ﬁfé?ﬁ 3h$ ﬁp&%@ ﬁ?mtdﬂ,e &4 18P cache
memory 60a, is confirmed in the next step F603, in order to verify whether or not a
gap is retained to exist in the space bitmap.

That is to say, it is verified on the space bitmap whether or not there exist
one or more clusters or sets of clusters which are unrecorded areas in addresses on
the radially inner side of the LRA.

If no gap is retained to exist on the space bitmap, the processing of Fig.21 is
terminated.

If conversely the gap is retained to exist, the processing of verifying the gap
matching is carried out in a step F604. This is the processing of confirming whether
or not the area retained to be a gap on the space bitmap is actually a gap.

This processing is shown in detail in Fig.23.



step F806. The systemcontroller proceeds to the step
F802 to access and reproduce the gap, in the sane way
wa@sooahmoes to verify whether or not the gap repCEIE004008646
an unrecorded area. If, in the step F802, data has
been recorded in the area retained to be the gap, the
gap on the space bitmap is not nmatched to the actual
gap. Hence, in the steps FB®3 and F804, the processing
of matching the space bitmap is carried out. First,

iRirst, i@ S5tep FRI3 the headineand %ta?' inaflc tafed PethhR dABFbOthe gap in
the space bitmap i s sequentl ally reproduced,

the sp&%%lﬂﬂh@% Eﬁé’@&é X@fglg%é reof, to search an

nrecorded "ar ea 00 /JP2004/ 008646 67

f an u ord rea fou |nthere|on on t he
Ipacden P Eidot ﬁsaiw&eﬁess Bl g adseShashdata s read out
downst ream of the unrecorded area is the act uaI gap.

therefrom theertidmdeties of nat theddresshie qratientis tacamllysunrecorded. If
retained to be a gap (unrecorded region), and in
the ad@eks'atiublly repRsaffr £588Sh& aHHrés@ skl b infecdrdéd eady

recorded, the actual "gap is the region correspondlng
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gap are updated so as to, indicate_the
space gmapeibﬁ deieim soBraHcR thengpaeeedsi torgrer Hinwni | e,
since the TDVA i s updated by gap generation or
én ttherstepoR80hyit tih evepifimdewhethgr @i atghds, is $tiltlbefs anoanverified
occur that, in the processing of Fig.23, the

gap in the area retained to be the gap on the space bitmap. If such unverified gap is

still left, the address retained to be the next gap on the space bitmap is detected in a
step F806.

The system controller proceeds to the step F802 to access and reproduce the
gap, in the same way as above, to verify whether or not the gap represents an
unrecorded area.

If, in the step F802, data has been recorded in the area retained to be the gap,
the gap on the space bitmap is not matched to the actual gap.

Hence, in the steps F803 and F804, the processing of matching the space
bitmap is carried out.

First, in the step F803, the area retained to be the gap on the space bitmap is
sequentially reproduced, beginning from the leading end thereof, to search an

unrecorded area.



totality of the addresses in a certain region, such as
the aforenenti oned addresses X to X+N, retained to be
wWo b@4gp2Hn the space bitmap, are in the pre-rBCDIEMOH/008646

state, such that the gap has becone extinct. It also
does not occur that, in case the address X+(N-y+l)

has been found in the step F803 as an unrecorded area,
part of the region fromtée address X+(N-y+1l) up to

the address X+N has becone recorded and another gap

egn suhsopdenhtca RePundaRaharedionHen ¢ke spicd Bitmap, retained to
sufficient if, in the step F803, an unrecorded region

I S..search ' eq t he
be a gdgs FERGARTHOWhRAESL R el AL iR kR 4.
corresponding to t recorded cluster is. corrected to
1h thg gddeessesh ttﬁegﬁe@&o@aé e spage DitmaAR 15y Ftawednty 39? a gap
verifying the matching of the gap of Fig.23 is carried
(unrecordedWOgRi)4and 20 26 t1RATY,) BROSIARESHAR uB 80 a6+ (NsT¥) aredalready
above. Meanwhil e, the update processing of the step

i fohBr i ; blthé AdHRRseaXNEN—y+1) u
recor e B o T A o od ) P
“ﬂx}ﬁtaat this tinme point. The processing of verifying the
tching of Fig.21, inclusive of the processing of
verifying the matching of the LRA and.the gap, is
ks, fia siap B804 ctbscretnelechadiressex infheiTegtaib siaingddg be the
t he processing of Fig.21 has been carried out, the
gap ars ppdsatedisotasetp iaditatdthd PR reconduddstate on theespaaethatmap.
menory 60a, are matched to the recording state of

ML RS, DM Ol vgdg geel orexitdio, by
the processing of Fig.16, it does not occur that, in the processing of Fig.23, the
totality of the addresses in a certain region, such as the aforementioned addresses X
to X+N, retained to be the gap on the space bitmap, are in the pre-recorded state,
such that the gap has become extinct. It also does not occur that, in case the address
X+(N-y+1) has been found in the step F803 as an unrecorded area, part of the
region from the address X+(N—y+1) up to the address X+N has become recorded
and another gap has subsequently been generated.

Hence, it is sufficient if, in the step F803, an unrecorded region is searched in
a region from the address X up to the address X+N, and the bit on the space bitmap
corresponding to the recorded cluster is corrected to ‘1’ indicating the recorded

state.

The processing of verifying the matching of the gap of Fig.23 is carried out



updated at the timng of gap generation and

extinction, disc ejection and a command from a host,
w@sooesapdoas ned previously. Meanwhil e, the proceBET/NMRROGH008646

Fig.21 may be carried out not only during the power

supply on state (power supply on state with the disc 1

| oaded in position), but also during the tinme the

disc is | oaded in positionsd Considering that the TDVA

is usual ly updated when the disc is in the ejected

as desd—‘dt%deabd\}ée Meadehiie ! thenipdafe P?odh@@ﬁ@s@ff fhleYstER F80Eds! Qfter all,

the actual recording state o the User data when the

the updieRfy bt the by ByuBR 807 b} BpeCHOTHPlucche MR of the

durin the tinme the power supply is accidentall
dlSCl@ﬁJﬂlh?egn@fl?oméuch that the disc not in the rmtchgd
state may be loaded in position at a tinme point after
fThe processimgomfofverifiEn@OtRE Omatding 5oPMIgIPR 00dclosse4©f the
69 power supply. It may therefore be conveni ent that
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in the acConmpdated State. 8. Effect o he pr esent

nt and nodification In the present enbodi nent,
descrlbc??)@:}d(%v ed above, the space bitmp/ LRA is wupdated in

the cache .ne 60a, responsjyve recor di
é‘rtémecﬁplﬁ? ‘r{’gﬁg the Brocessing Oﬁ\él& éuﬁ h@@ EEN ﬁéﬁée‘{] PHE the space
space bitmap/ LRA in the cache nenory 60a is witten
bitmapi andhtheT DR pfre¢drdedi B the aachbemeimmiryigb04, gep matched to the
generation and extinction, disc ejection and a
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As from this time, the space bitmap in the TDMA on the actual disc is
updated at the timing of gap generation and extinction, disc ejection and a
command from a host, as explained previously.

Meanwhile, the processing of Fig.21 may be carried out not only during the
power supply on state (power supply on state with the disc 1 loaded in position), but
also during the time the disc is loaded in position.

Considering that the TDMA is usually updated when the disc is in the ejected
state, the space bitmap/LRA is necessarily matched to the actual recording state of
the user data when the disc is in the usual loaded state.

However, it may be an occurrence that the disc is forced to be ejected during

the time the power supply is accidentally turned off, such that the disc not in the

matched state may be loaded in position at a time point after the turning on of the



t he processing of verifying the matching is carried

out. Fromthe above, the follow ng favorable results
wae@4aitoas ned. First, since the space bitnap/ LRAT/IE2004/008646

recorded in the TDVA on the disc 1 responsive to gap

generation/ extinction, the TDVA on the disc may

noderately be updated during the recording process.

That is, the TDVA is updated a noderate nunber of

times, in addition to the TDVA updating at the tinme of

power Ohuﬁ)l?] BC BN therefd1RIBE CCHREMRAR {HaP hbPsrdeesding! Hf Fig.21 is

hi's rmnner the area for the nmanagenent™ | nforfmation

I, on of t he excessive
cannedf%“ggh ﬁ881£§%ﬁ} 5§QQ§HB§§P@%E§? % he non- mat ched
state betmeen the space bitmap/LRA and the user data
recording state is not wastefully protracted due to
insufficient TDMA WO 2004/ 112025 PCT/ JP2004/ 008646 70
8. Effeapdhthengresembembudimertiandembliefidaiidh i s updated on the
disc 1 by gap generation or extinction, the matching

et e prddant Cibsdinser! d ;Eger‘]} bed Abvdl fe %Pé‘&g kt)iﬂﬁap/LRA is

state "of user data reto g may be confi
et I ng, whet her not the di c ted.on
updatel 33 sHERE Tty fle iRpot O TR théisrorine 30 v
gap or the actual LRA on the disc. Lackl ng t he
data. pmtching, it is sufficient at such time point if the

TDVA is wupdated for achieving the matching of the LRA

On theeothpahendi thespacnbithaprlaRRAein thenmache Gemotn€0a is written

result is the facilitated processing for coping with
in the TOMRNoMHL Rig291 04t theh@niBS| St 88p dRenbfatiBH GRd Wktinction, disc
ejection and a command from a host.

If the power supply is turned on as at least the disc 1 is in the loaded state,

- the processing of verifying the matching is carried out.

From the above, the followiﬁg favorable results are obtained.

First, since the space bitmap/LRA is recorded in the TDMA on the disc 1
responsive to gap generation/ extinction, the TDMA on the disc may moderately be
updated during the recording process. That is, the TDMA is updated a moderate
number of times, in addition to the TDMA updating at the time of disc ejection or
update command from the host. In this manner, the area for the management
information is not wastefully consumed because of the excessive TDMS updating,

while the period of the non-matched state between the space bitmap/LRA and the

user data recording state is not wastefully protracted due to insufficient TDMA



Since the processing for verifying the matching of
Fig.21 is carried out with the power up, in
wa@oengilgweat i on of the possible error (non-mat chCTIEN20047008646

the managenent of the recording state, there is no

necessity for providing special processing as the

processi ng agai nst possi ble troubles during the

recordi ng, such as power Aupply interruption during

data witing. If the processing for verifying the
updmhﬁgtching of Fig.21 is also carried out when the disc

I's in the accommbdated state, it is possible to
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. to be ejected, or a djsc forced tQ be ejected b
extinctigne the majrhingdbstween dhe @@ntea%pﬁ&rDMaAe ecﬁﬁswﬂﬁi agyl the state
TDVA update is carried out as in the present
of usereddtadiccording may\We 2008mad @35dEETtii@20hdthed®@s4mt the gap (as
| oaded in position. In addition, as nmay be apparent

indicatbd Of thes @ﬁﬁ%ﬂng@ & tHERX 96 88incidii Qﬁ'i'tg‘%Dllr\i/&A,acidh? '®p or the

'S Nno necessity savi ng the pre-update

i pf.or L op usi ng the non-vol atile nenory, in
actualt: ngi‘%?iﬁ%:n of repairing the non-matching die to
accidents. In particular,_ in consideration of th .
Enekjnanthey matehing it iy spHfgienh at sueh time pojat §§é§% TDMA is
bi t map, the use of a non-volatile nmenory, in which
updatedl ifor taghieviag ahe matchimgedf dre 1LRA romther spaicetbitmap ain the cache
rewiting. In the present enbodi nent, this problem

memo 4e resolved, because there is no necessity for
sing the non-volatile menory. O course, the cost of
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menori es. .
the decision as to matching.

Since the processing for verifying the matching of Fig.21 is carried out with
the power up, in consideration of the possible error (non-matching) in the
management of the recording state, there is no necessity for providing special
processing as the processing against possible troubles during the recording, such as
power supply interruption during data writing.

If the processing for verifying the matching of Fig.21 is also carried out
when the disc is in the accommodated state, it is possible to restore the matched
state, even in such case where a disc in the non-matched state, inadvertently forced
to be ejected, or a disc forced to be ejected by another disc drive device (another

device on which TDMA update is carried out as in the present embodiment), is



The expl anation of the disc of the preferred

enbodi nents and the corresponding disc drive device
whawmshewnes made in the foregoing. The present PO/Er4008646

is, however, not limted to these enbodi nents and may

conprise various nodifications w thout departing from

the scope of the invention. For exanple, one instead

of both of the gap generat7lon and the gap extinction

may be used. - Al though the recording medium of the

1oadedﬁﬁ2§)§moﬂ nvention i s supposed to be a wite-once
or doubl e-layer disc, a disc having three or
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medi um and _may al so beaplled Wi
cmbodguRal, WRE it HO BECUESIVT SRURL 1 m&@pzﬂﬁiﬁow@gﬂaﬂon
72 Industrial Applicability As may be understood from
using theendmwelpilegnembey, pinesmsidératientdfareppiring thes nan-matching die
system accessible at random by enpl oying the
to accﬁﬂéﬁt‘st en/ unwitten indicating information (space
t map) |navvr|te once nedium in which the

Eti‘ ARFR. im RoSidER ek ?ﬁ%ﬁ%ﬂ%@ﬂ%@ak&{ fltbrmatiqp, such as

the last recording _position ipformtion
the spperiiRitmapg thhdiseasf pasnryQlat fﬁ TRGIEOT Y5 &7 \PSQ)LC& ligyjtations are
data nay be updated at an optimumtimng on the disc.

imposéchain ilse runebermafiagreentf fewriimgt Irorth¢ sprasentbembediroent, this
LRA) on the disc may noderately be updated in the

probleﬁ?ﬁ?d’ b8 FesB10E8; SEecdu@e QRERY ist ARtneb OB itTRFRIIRA the non-volatile
Information may be updated on the di Sc responsive to

memol! QPGS GE S5 IS PR 55 80 or L, GBI v
backu];? Pr?era%ts |fgp ‘fhe spgce bitmap/LRA, such as non-volatile memories.

The explanation of the disc of the preferred embodiments and the
corresponding disc drive device has been made in the foregoing. The present
invention is, however, not limited to these embodiments and may comprise various
modifications without departing from the scope of the invention.

For example, one instead of both of the gap generation and the gap extinction
may be used.

Although the recording medium of the present invention is supposed to be a
write-once single- or double-ayer disc, a disc having three or more recording layers

may also be used. The present invention also is not limited to a disc type recording

medium and may also be applied to a write-once medium other than the disc.



area for the managenent information is not wastefully

consuned because of the excessive updating, while the
w@eookatkoed t he non-mat ched state between the PCT/JP2004/008646

managenent information and the user data recording

state is not wastefully protracted due to

i nsufficient updating. Moreover, since the TDMA is

updat ed on the disc by gap7/Zyeneration or extinction

t he mat chi ng between the managenent informati on and

the state of user data recording may be confirmed by

detecti ng whether or not the gap in the managenent

is nf ' as indicated on the space bitnmap) or the
Industfﬂwﬁ)gﬁéélﬁﬂt

colncident with the actual gap or the actual
RA on .the disc. ?rcki ng the rratclgt'i_lng, WO 2004/ 112025
BETPIB RS pn jthe faregong, dhefiresgntsny aniippgprovides a
point if the managenment information is updated for
systemgcatoessible tateranstorhj by employingRtherwriltens paoeritien niyicating
The result is the facilitated processing for coping

informwhibh (sPEcOVIARDL it N vi¥ite-dMtR BRMiGHO NindvHich "Mk Chiaifgement
O, in power supply on, the above processing is
. . i i . Vi di
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agai nst possi bl.e troybles, s S power supply .
and the s F?q%a}%PO%p@dv Tty @ﬁé?%gm%géh@ 5&% dosition of the
savi ng the pre-update managenent information using
user rechudadodataonayibhe updatedyat aNCopoynt 1ot on the disc. That is, the
PCT/ JP2004/ 008646 74 CLAI M5
management information (space bitmap or LRA) on the disc may moderately be
updated in the recording process, in order that the management information may be
updated on the disc responsive to the occurrence or extinction of the gap
(non-recorded area) in an area ahead of the LRA. That is, in system operations, the
area for the management information is not wastefully consumed because of the
excessive updating, while the period of the non-matched state between the
management information and the user data recording state is not wastefully
protracted due to insufficient updating.
Moreover, since the TDMA is updated on the disc by gap generation or
extinction, the matching between the management information and the state of user
data recording may be confirmed by detecting whether or not the gap in the

management information (as indicated on the space bitmap) or the LRA is

coincident with the actual gap or the actual LRA on the disc. Lacking the matching,



1. A recording and/or reproducing apparatus for a

recording nediumin a wite-once recording area of
wokioshi1mki owi ng for witing data once the nmanaPEnaEr04/008646

information and the user data are recorded, and in

which the witten/ unwitten indicating information

i ndi cating whet her data has been witten in each data

unit in at least an area Tdr recording said user data

and the last recording position information

it is suffibient angudtheinh@ Poino$ thed Mdifageatemt dnf@nitidés updated for
recorded user data are recorded as said managenent

achievgr%t?fer}ﬁﬁﬂcﬁiho%éﬂ% ER%P?#H@S&%W%}?%@Q: a recording

or reprdduci ng uni or ‘recor and/ or

roduci.ng, data.faor . said recqrdi ng nedi a storage
ffﬁgt@@? 1%?1692 itted progeSsing e eo lﬁgow%ﬁ%smqryawtc ing or
out fromsaid recording nedium and a controller for
the degistien iasgta weatching. eOrs infpavwer sapplye vanithe rdbmvenpracessing is
stored in said recording unit, responsive to

perfor@¥@c uvherebyf tHadea ik el diebessity Sk d pf@Eaim n%qeci’dld/reéftoration
reproduci ng unit, and for causing said recording

poces P 56 SEPRPSL DA hin oS P b TR B pwer suiy

. recording nedium responsive to generation of an
mnterrugHpBeor ded area in a range up to a location on said
recordi ng medi umindicated by said |ast recording
phasicovern diers aisd nonmanegssitgnfor savingatherpreipdite management
recordi ng and/ or reproduci ng apparatus according to
informétish ising heaidti-fokaild m&Asky. ol l er is responsive to

extinction of said unrecorded area in said range up to

t he WO 2004/112025 PCT/ JP2004/008646 75 | ocation

i ndi cated by said | ast recording position information

to cause said



recordi ng and/or reproducing unit to record the

managenent information stored in said storage unit on
wa@ anod/11medr di ng medi um 3. The recordi ng and/ oPCT/JP2004/008646

reproduci ng apparatus according to claim1, wherein

said controller executes the processing of confirmng

whet her or not said |ast recording position

information in the managen®ht information read out

fromsaid recording nediumand stored in said storage

unit is matched to the kgsAp&sition of the recorded

user data on said recording nediun said controller

1. A bR IOk PRcin £ AP RIS BRatcHRELEAREGRE 3a White-once

unit in_case of nan-nmatching. 4. The recordi ng and/ qr )
recordpngarga of i@yda @&71%?& Op YeHing Aata P the FRanaggRe Rl Atormation
said controller executes the processing of confirmng
and thehesdredatar areotrecaided,uandcior deuich atheawditesy nimwdittep indicating
said witten/ unwitten indicating information in the

informABBAIRARAtinE WIRSHBE 1213 KR HyritfcAMnSHCA d£8 Ui #at least an
medi um and Stored in said storage unit is matched to

[ .eC0 d e n [ ' [ -sai. .
area 1961 B LI G860 A oL 258, L AhoBE s pymarion
. .. ALnfo tion in the managenent . inforpation stored in
indicating (ql[l% Bt Apsition of iraceng G thereqgrdad wepr @c}ta pare recorded as

recordi ng and/ or reproducing nmethod for a recording
said managamentinformatian, saxbapparatirsdiamprasiag: of whi ch
allowing for witing data once the managenent

antediiig afd/ortepiditicise iniabaréddedieCaidietireproduting data for
which the witten/ unwitten indicating informtion

. i i i et her data has been witten in each data
said rebdf 1ﬁ€&ﬁa Uaast an WO 2004/ 112025 PCT/ JP2004/ 008646

' ' d the | ast )
;g&&%&g@%g&?ﬁg{ﬁge{] @xfaeln%]laﬂggémggtt 16}1 opmatlog rezf{1 out from said

recording medium; and

a controller for updating the contents of the management information stored
in said recording unit, responsive to execution of data recording by said recording
and/or reproducing unit, and for causing said recording and/or reproducing unit to
record the management information, stored in said storage unit, on said recording
medium, responsive to generation of an unrecorded area in a range up to a location
on said recording medium indicated by said last recording position of said
management information.
2. The recording and/or reproducing apparatus according to claim 1, wherein said

controller is responsive to extinction of said unrecorded area in said range up to the



i ndicating the last position of recording of the
recorded user data, are recorded as said nanagenent
WO pdoaninmei on, said nmethod conprising: a step OPCT/@R2004/@®8646
out the managenent information fromsaid recording
medi um for storage in a storage unit; a step of
updating the contents of the managenent infornmation
stored in said storage uni7s, responsive to execution
of the data recording on said recording nedium and a

locaticrniadesmed byf uidldspnreceaing HostiaP aformessdli @0 dabiSe said
managenent 1 nformation stored’in said storage unit,
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.. recordin medi um i.ndi cated by said | ast recording
said stogage P%MW@W&@@&F& managenent i nformation

updated in said updating step. 6. The recording and/or .
3. The eguording and/oerepudacing dpparatus a¢eording tovkrim b, sdiedein said
managenent information recording step is responsive to

controfbek ieRetuted thé prdtatsingNoLehflatimy fhethierS® fotf #@9astrecording
to the location indicated by said | ast recording

s P4 4 nf.ar mat i . .
positidtf fiforBoh ! R drab nERt BRoPHoMIRAI Y rym said recording
. recorded on said recording.medium 7. The recording
mediughcprish Slécgsaolaluémg SteERER ATt dbrarteget ot the Jast, position of the
further conprising: a step of verifying whether or
recordedt usexi dataaen said aredordjngosiedium; isaidocontriotier iupda@ing the last
2004/ 112025 PCT/ JP2004/ 008646 77 sai d nmanagenent

recordiil?é Op%@ﬁ'bﬁ ninféAdaloh il Ak SHaRageeehdiiftbripdidtnAod in said
stored in

storage unit in case of non-matching.

4. The recording and/or reproducing apparatus according to claim 1, wherein said
controller executes the processing of confirming whether or not said unrecorded
area determined by said written/ unwritten indicating information in the
management information read out from said recording medium and stored in said
storage unit is matched to said unrecorded area on said recording medium; said
controller updating the written/ unwritten indicating information in the management
information stored in said storage unit in case of non-matching.

5. A recording and/or reproducing method for a recording medium in a write-once
recording area of which allowing for writing data once the management information
and the user data are recorded, and in which the written/ unwritten indicating

information indicating whether data has been written in each data unit in at least an
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medium for storage in a storage unit;

a step of updating the contents of the management information stored in said
storage unit, responsive to execution of the data recording on said recording
medium; and

a management information recording step of recording the management
information stored in said storage unit, on said recording- medium, responsive to
generation of an unrecorded area in a range up to a location on said recording
medium indicated by said last recording position information of said management
information updated in said updating step.

6. The recording and/or reproducing method according to claim 5, wherein said
management information recording step is responsive to extinction of said
unrecorded area in said range up to the location indicated by said last recording
position information to cause said management information stored in said storage
unit to be recorded on said recording medium.

7. The recording and/or reproducing method according to claim 5, further
comprising:

a step of verifying whether or not said last recording position information in
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said management information read out from said recording medium and stored in
said storage unit is matched to the last position of the recorded user data on said
recording medium, and

a matching step of updating said last recording position information in said
management information stored in said storage unit in case said verifying step has
verified non-matching.

8. The recording and/or reproducing method according to claim 5, further
comprising:

a step of confirming whether or not said unrecorded area determined by said
written/ unwritten indicating information in the managemc;,nt information read out
from said recording medium in said recording step and stored in said storage unit is
matched to said unrecorded area on said recording medium; and

a step of updating the written/ unwritten indicating information in the
management information stored in said storage unit in case said verifying step has

verified non-matching.



