1 DESCRI PTI ON Recordi ng and/ or Reproduci ng Met hod and
Apparatus Technical Field This invention relates to a
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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




DVD- RAM The recordabl e type disc allows for data
recordi ng by exploiting the magneto-optical recording
system a phase change recordi ng systemor a dye film
change recordi ng system The dye fil m change recording
system also termed a wite-once recordi ng system
allows for data recording only once, while it does not
allow for data rewiting. Thus, the dye film change
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Recently, "a high-density optical disc, termed the Bluray 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 pm 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




system it is necessary to provide a guide for
tracking relative to a data track. To this end, a
groove is formed fromthe outset as a pre-groove and
the groove or a land (a part with a trapezoida
cross-section, defined between nei ghboring grooves)
is used as a data track. itz3is also necessary to
record the address information to allow for data
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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, represented by the wobbled groove,
is termed the ATIP (Absolute Time In Pregroove) or ADIP (ADdress In Pregroove).

In such datarecordable 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,




Meanwhile, if attention is directed to a wite-once
type optical recording nedium which allows recording
only once, such as CO-R, DVD-R or a high density

di sc, such wite-once type optical recording nedi um
suffers fromvarious constraints, because no data can
be recorded on a pre-recorded area. In particular, in
the wite-once recordi ng nmedium the techni que of
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However, with the write-once recording medium, it is not proper to update
the management information each time user data is recorded on the fecording
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




Under these conditions, there is a tinme lag until the
managenent information recorded on the disc is
rewitten to a state reflecting the |latest recording
state of the wuser data actually recorded on the disc.
That is, there is a time period during which the
managenent information recoyded on the disc does not
reflect the recording state of the user data on the
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This last address is that 6 of the area where user

déara prexenbiagn thisi frosm eerurtingdiasyariety of techniques have been
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




In the wite-once optical disc, the usual practice is

to pad user data sequentially fromthe |eading end of

the user data area for recording. Thus, in newy

recording data, it is sufficient to record the data as

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

LRA. If it is desired to rgcord data as from an

address further in rear of LRA+ 1, such a technique
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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
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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.




information including the witten/ unwitten
indication information (space bitmap) and the |ast
recorded position information (LRA) indicating the

| ast recorded position of the user data may be
properly recorded on the disc, and in which, even in
case of non-matching to the user data recording state,
such non-matching can be coped with readily. A

| Disclés%?@ﬁ?'ﬂfégh?}éﬂﬁ% reproduci ng apparatus according to
the present 1nvention is a recording and/or
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information read out fromthe recording nmedium and a
copedGeith k@ldiBr. for updating the contents of the managenent
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recording medi umindicated by the [ast recording
and theosisér datddfare recorded, 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




t he managenent information. The controller is
responsive to extinction of the unrecorded area in the
‘range up to the location indicated by the I ast
recordi ng position information to cause the recording
and/ or reproducing unit to record the nmanagenent
information stored in the gtorage unit on the
recording medium The controller executes the
t
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storage unit, responsive to execution of the
recording medium and stored in the storage unit is matched to the last position of
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 the
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




data recording on the recording nedium and a
managenent i nformation recording step of recording
t he managenent information stored in the storage unit,
on the recording nedium responsive to generation of
an unrecorded area in a range up to a location on the
recordi ng nmedi um i ndi catedjpy the |ast recording
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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

| informﬁtion 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




unwitten indicating information in the managenent
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verifying step has verified non-nmatching. Thus, the
present invention provides a system rendered
accessi ble at random by enploying the witten/
unwitten indicating informgti on (space bitmap) in a
wite-once rredi um in whi ch t he managenent
. inf ;i . i )
md]ca!tﬁ’lgoircna n%’t?(lmn Ig ?ﬁrfé; %@%g@%ﬁfg&@ﬁﬁo?%&% O‘i‘l&l ?1[11 Jhe recording
recor 0Si,Iion |nf rmation , |nd|cat|nc t he
mediysdp iy 6 GREdings stepqand Sé%qut i &ﬁe PAGTAgE W 48 e@lato(b@dato the
proper timng on the disc. That is, although the gap
unrecouedeswwaden theeconding peslsinl ymldea oetepraft apdatmgrihe written/
area ahead of the LRA (that is, in an area of an

unwrigtéflr BRicatitU gRndafidn RAhe Hﬁénﬁ@@m&ﬁﬁ'lhf(ﬁhia@l%nogtored in the
random access recording, the managenent infornation

t he
storage HPAELES fF véﬂ?wﬁg %ﬁfqﬁi&t’?‘%@%ﬁ g PR o ea
retained to be the g ngéreover S|ncethe
r;glﬁé?g RTCSERE B}Vﬁﬁﬁlpﬂrpfpg S dabsteBntengdered aceepsiblat random
gap generation or extinction, the state of matching
by enipdowengn thd evimtéeragenenitten nfchcatﬂtg omfoomatioba (Space drithnap) in a
the state of recording of the user data may be

write-686¢ infietitm, B WRichCiheNghanhedient RifoNAhtibNCir@ARTIAR th@ewntten/
LRA in the managenent information is coincident - wt

unwrlftg? C]%ﬁ%ééﬁl gﬁto?llri]lahgﬁ &@H{:Q q?l%&ﬁq gnﬁaﬁh Z%Pé nliecorded position

i nf or n.is 12 only sufficient, that is, only
mfon%%%@f*ﬁa digatinge ?LFlASW@é&gdqdouw b posiioNg MY be updated

Description of the Drawings Fig. 1 illustrates an area
at a pgoparctionieg o theddsse. ddworisy alghough lee @aps@mrecorded area) may
i nventi on.

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




Fig.2 illustrates a single-layer disc structure
according to the present invention. Fig.3 illustrates
a doubl e-l ayer disc structure according to the present
invention. Fig.4 illustrates the DVA of a disc
according to the present invention. Fig.5 illustrates
the contents of the DDS of y& disc according to the
present invention. Fig.6 illustrates the contents of

ony sHEBL 611, 13908 SEREEH b I K38k 1d B SRR
information of the DFL and the TDFL of a disc
according to the present invention. Fig.8 illustrates
t he exchange address information of the DFL and the

Brief DBRtriptodn af thesdrawimgsdi ng to the present invention.
Fig.9 illustrates the TDVMA of a disc according to the

FigseNlustratelninl £8a struBiurd Ofial dibs hé@r8mgtoshd R efirk TPention.
of "a disc according to the present invention. Fig. 11

g e oot fhyed, Bty sBAPRE . i @irghdos the, present

: di sc according to the present invention. 13 Figs.13A
InVenyeyy 138 illustrate the I SA and OSA of a disc according
to the present invention. Fig. 14 is a block diagram
dfigd dllestraies va ndowppdrpeslisc ctindtug toceddengrtesahe present

. i nventi on.
invention.

Fig.4 illustrates the DMA of a disc according to the present invention.

Fig.5 illustrates the contents of the DDS of a disc according 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 present invention.

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




Figs.lSA to 15E illustrate the generation and
extinction of a gap according to the present

invention. Fig. 16 is a flowhart illustrating the
processing in witing user data according to the
present invention. Fig. 17 is a flowhart illustrating

the processing in giving ajpudgnent as to gap
generation according to the present invention. Fig.18

g UL A A DB ISRaR B acsoig o e

accordlng to the present invention. Fig. 19 is a
Present|IBYRIHEIE. | | | ustrat i ng the processing in recording the
space bitmap and the LRA on the disc at the tine of
drigcid isra blockrdiagrgni of tltisde sy appavans iacoordifg go &k present
is a flowhart illustrating the procéssing in
inventig€or di ng the space bitmap and the LRA on the disc
under commands from a host according to t he present

IREETS Rt F1 by i RS0 apft iR, A pogapding to

present invention. Fig.22 is a flowhart illustrating
thcpr@s,q:@t HF6®898i ng in confirnming the LRA matching
according to the present invention. 14 Fig.23 is a
fHigui©hiarat flowthat ihnstregingeheprocessgyn waitingndser Matgaccording
_ the gap matching according to the present invention.
to megﬁbnﬁ@%nﬁ@ﬁ Carrying out the Invention An optical

di sc, enmbodying the present invention, and a disc

qflé.\ﬁng ¥ &hart 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.




operating as a recording apparatus and as a

reproduci ng apparatus for the optical disc, are

her ei nafter expl ai ned. The explanation is nade in the

foll owi ng sequence: 1. Disc structure 2. DVA 3. TDVA

system 3-1 TDVA 3-2 I SA and OSA 4. Disc drive device

5. Gap generation and extipgtion 6. TDVA updating 6-1

Updating responsive to gap generation and extinction

ti e: 6- '
T h I A T Rbdet bR gRb B DrBR R Tn o iRy e gap

verlfy g the matching 8. Effect of the present
matmé‘?ﬁ)%@ﬁ%&ﬂ’tg té’r@el%@ff%té%‘fqrgwnw L Disc structure First,

an optical disc, enbodying the present invention, is

expl ai ned. This optical disc may be inplenented as a

wite-once disc within the category of a high density

BestM@aef@Hc%ﬁﬁlguﬁhﬁmxnvsﬁﬁM a Blu-ray disc. The
lowi ng is typical of the physical paraneters of the

F{%Ig %gﬁ?gfﬁfyéhﬁz&@&)d?ﬂ{g ﬂiesﬁre%ﬁ't ﬁl@eﬁﬁgﬁ,dgﬁ(fg dibe 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

32 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




As for the disc size, the optical disc of the present
enbodi nent is 120 mmin dianmeter and 1.2 mmin
t hi ckness. That is, in these respects, the optica
disc of the present enbodinent is simlar to the disc
of the CD (Conpact Disc) systemor the DvVD (Digital
Versatile Disc) system ingefar as the outer shape of
the disc is concerned. As the laser for recording
. eproduction, the so-called blue |aser is
L]Dm@@ﬂgeﬁq%e user data capacity of 23 CGhytes .to 25 Goyt es
reallzed th c.12_ cmin dianeter,
toenr@ﬁ%m%ﬁcmngﬁam the prgsent eméf)ntl%rls e@?@#ﬂp@d This
a NA 0.85, and by realizing a narrow track pitch, for
opticabdiephey e impleinepited hs & WriB2onge disndvihin thie dateory of a high
density, for exanple, the shortest recording mark

densitxﬁpﬁbﬁl dis sydniNteine@adBluleg digebl e-1ayer disc,
aving two record| ng | ayers, "has been devel oped Wth

i a0t g Gyl ok tHE BRI R aBRRAS] B ab¥ Bllpcgensiv

. fjhructur of the entire disc. As for the areas on the
opticalidlisg sygtepg gmbodyipg e pregertinyepdonnd a | ead-out zone
16 are arrayed |nth|s order, | ooking fromthe inner
rAnfari the dismsizes the qfticaheisr @bﬂmtpr&sen:treenb@dimem ¢ 120 mm in
recording and/or reproduction, a pre-recorded

diametctfadNBRI Mk & GfcRh&sOThbh e, iR rﬂﬁésré%kpéam HleCSptal AR of the
: lead-in zone is a read-only area, while the Zone from

presenltt %ﬁl&ﬁﬁﬁ}%@ﬁ%hﬁqﬁﬁﬁm‘){h& {ﬁec gﬁ%@e 'gigg@\;ﬁnﬁzﬁct &? sgi\gﬁtgﬁn or the
In the r don ar ea nd|

car on) nce.
DVD (Pigiialo Nesame Dischavatenm, mspidan tE%.Mw ape 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 (nﬁmerical 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 doubledayer disc, having two recording layers, has been
developed. With the doubleayer 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




extendi ng recording track by a wobbling groove
(meandering groove). The groove 1is used as a guide
for tracking in tracing by a | aser spot, while being
used as a recording track for data recording and/ or
reproduction. Although an optical disc in which data
is recorded on the groove ijg presupposed, the present
i nvention may be applied to an optical disc of the

- recordi ; ' Lch ta.s recorded on
are ar{aﬁ@ﬂl 151% ﬁb@@%@gﬂaﬁmﬁmnﬁ%@m& or to an
tical djsc of the | and-groove recording systemin )
i (O a0h thes arqacsiEuciuEe PRItHG toHecgrding engder rapsoduction, a
| and. The groove as the recording track is nmeandering
pre-recardeeleipif oxgnati dih atdacP MbbBthe insiepmebtstinmTéids ofwhé beddrm zone is a
disc driving device for the optical system the wobble

read-cHl9RRéa, WHBile Bige F6RE %ﬁ??fé’? HYarﬁﬁEﬁl%?mg ?%eaf:’?% ﬂleﬂ%gﬁ?“ Zone up to

positions of the groove om t fie

aser.spot i.] | um nated ,on. t roove and b
the leddzBp, 25,5 R viiteotishdieh ovigeh Aol o8 rec g oy
positions relative to the radial direction of the )
dinsthet read-aply amaserd dn groviitegonageareas dherspist formmdya spirally
the recording track. In the wobble signals is
extendingutedeling hewchdsly assobisiigs gﬁidm(méaﬁd&iﬂgegﬂfcﬂriemgr B groove
track (physical address and other additiona

is use%ﬁsoﬁ'@lﬂi@%r ft%[clgi ih QERGAE N, R%ééﬂ;j%@rbeté i\ﬁhif’@ﬁéfr{g‘)ﬁ%cerd as a

nce,”in the disc driving device, a s contro
ata r rdin and/ or _reproduction, for exanple, nmay
recordg%g ﬁ&ﬁggg‘agﬁ?gfﬁ‘é%ﬂ% ﬁpfi/eﬁ% TEPRRCAUCHEN. 44dr ess

informati on fromthese wobble signals. The |ead-in ‘

Zslibougihovih epiical gdisc ins wihichr datamis ciecpedash arhdhe groove s

radially inner side than a position with a radius of
presuppbsed) the present invention may be applied to an optical disc of the 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
may 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 portion in the lead-in zone, wth a radius of from
22.2 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
recordi ng and/ or reproduction, disc area information
or the information used fofycopy protection, for
exanple, is pre-recorded fromthe outset as the
track QJEIS’QI—C%W b AnAEhaNa 8 1t1‘9ﬁgp ﬂfBﬁnﬁQ&aﬁE&%ﬁ'rec&tﬁ?ﬂg position
orrratlon nay a e recor
enbossi plts Al_t hough not shovvn
in que(SHQFshe tirhéhf‘a:a«‘%) drigipgdeyicey pddigss conke! f%ﬂ@l&ﬁefecordmg
radially inner side than the pre-recorded area PIC
and/orTmeprddaciisnafonresamplbemeayt e wminpged Bypdemedulatinghe.g. the
di sc recordi ng nedi um has been recorded by a

addres"sqﬁm&mﬂnﬁﬂéhﬁmegémsﬁgnme recording layer off.
t 1s byformngthe cordi ng marks so that the

k re conc ically, are f
E@{e Tegfie 2 FBOSRORR B £ oo, SRR 1S Fon feoFitially imner
| ead-in .zone, vvlth a radius of from23.1 mMmto 24 mm
side thag 3postiaB yuite ATAdMS O 24 Mihf or mat i on area. In the
managenent/ control information area, a predeterm ned
arteapéroiomEih, the head-hgzena .with aeadiusl ofdadm 22.2anmatoBA1 mm is
(defect managenent area), TDMA (tenporary defect

theprér%@ggé@gfeaap@) and a test wite area (OPC) and a
fer area, 1Is set In the. control data area in the

ﬁﬁ”‘ﬁ&iﬁ%%ﬁ@%@ ol PR offRRt iy P RabL e sy mtgumation,
such t@gsé;%o%o?yés gq%rn%?t?oﬁsh ef01ql ?e%otrgmg’ a%ld?c():r Si‘e;z)rezodu(gltlgg 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 prerecorded area PIC. The BCA is an area
where the unique ID proper to the disc recording medium has been recorded by a
recording 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-ike 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.




structure, channel bit length, BCA information,
transfer rate, data zone position information,
recording line velocity and the recordi ng and/ or
reproduction |laser power information. The test wite
area (OPC), simlarly provided wthin the managenent/
control information area, ijg used for test witing in
setting data recordi ng and/ or reproducing conditions,

SKCtheBha bﬁg&heﬁﬁ"@nﬁl 1E1Etﬁn§dt15‘:ﬁ feal glcgfeﬁbfégrrﬂﬂgd Qf'ea format,

reproduc est wit rea 1s an

for adjusting the recordi nd rodu0|n
having ofidh (4 FRATGH GABVALFS armo@ﬁfq% atqagewgﬁggaerﬁ%t ADMA
_ control information area. In the field of the optica
(tempdiay deféet mashgomentanayandattestrfvuteratdaofOPG) anéfackbuffer area,
managenent is usually recorded. However, in the disc
" is set.0f the present enbodinment, not only the exchange
managenent information for defect managenent, but al so

the / n [ r ' e i.n
A e ERRREIRE AL B, g Rient o icERRGbb Shen, the
I.n particular, in this case, the IS and OSA

following sanagemmeny/ conire) QIHATIERIONLS TEe dexpl ai ned, is
recorded in the DMA. For enabling data rewiting, by
t'Blidtniy, atthesn targ erecbrdede thex chismdggpes dess sizeg, dise heersion, layer
contents of the DVA nust be updated responsive to the

struct§ial RhaAKS] bitnﬁngﬁh eB CHOMAfdrnaiony itegf féofatb hdta zone position
pufpose. The exchange managenent information is

1nforn?zﬂ%ntt>'l\}%ggﬂ%ﬁg rl?l%? %F(Sjctﬂéﬁ tEl.g'lH E‘Qggla%r'\éééé@%nag%%} r{?grodu%tmn laser

information, recorded in the TDMA, is recorded.
power information. _

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




In the TDMA, there is further recorded the infornation
ternmed a space bitmap and the information terned the
LRA. Such information becomes the information for
real i zing random accessibility even though the disc is
the wite-once medium The DVA and the TDVA will be
di scussed later in nore det@il. An area froma radius
of 24.0 mmto a radius of 58.0 nm which is on a
1nf0rrﬂaeﬂf8 Ll%_%atgyégglaﬁ{e%e 1s°1tecbpc?ed ﬁnaﬁle' HMANe 1S a data

'S an aréa where "user data is

t ual recorded ,gnd/or reproduced. A data zone start
F@@bﬁ BBl TGHHCRE oY IS BEGCN AR EE MBS SAPRPRESPRcessing,

|nd| cated by the data zone position information of
the conbtentafodr thiweDM Ansuhst det npdatedtrasporesave An th&Alata mewriting. The
spare area) and an OSA (outer spare area) are provided

TDM@qsbmldé@wﬁﬁ§buﬁjd§g and on the outernost side in
he” data zone, respectlvely The I SA and the OSA

5@{ geﬁgﬁ%gge d@@gggaﬁe@; TRl flagieh Q% ARHIARNES WA in the

seque 0 by a preset nunber
TDM“gf & R %lgf rﬁm ?%Ma’ft tﬁ%sf aFt)a cXghRASS GREnagement
(one cl uster 65536 bytes). The CSA is formed by a

inforrmttmereowd@éindfe TDMAeis micoeded.owar ds t he i nner side
fromthe end position of the data zone. The sizes of

THetheSATVIA t iRer&SA Alrthest RlcBfddd thé andhreyvgidAViernét a  space

t he dat a zone a donmmi n sandwi ched between the | SA and

bitmap d R i AREHREREI Joindtf Ghe dfi‘k% ar 8fch TFSmAfIn $RBmes the
area i's

e usual” reécord I ng and

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 aforemehtioned control data area.
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.




reproduci ng area usually enpl oyed for recordi ng and/ or

reproduction of user data. The position of the user

data area, that is, the start address ADus and the end

address ADue, is stated in the above DVA. An area from

a radius of 58.0 mMmto a radius of 58.5 nm which is

on a radially outer side ofh the data zone, is a

| ead-out zone. This |ead-out zone is a nanagenent/

j ti .
gmé iﬁJé is '}foglhgﬁ Byl P?Js%? ig‘lgl%geg é’ﬁp é?é{asfﬂéo&gtpgésg[rﬁ Bogifion of a
etermned f g the control data area, as in

<knazpﬁg 96%?15ﬁﬂd§§g5g8 ﬁuﬁg the | ead-in zone, there is

recorded a variety of the managenent/ contro

i The O8A iio fornTdtkbPibreset puonbetet, claster sizeh eovbbddisithe tiweer side

| ead-in zone, as an area in which to record the

from {HREGREFGHioh F PheBAiaGHNEOr the 1SA and the OSA. Fig.?2
shows ‘an il lustrative structure of a managemsnt/

(BB §2p o e IR 40 of @%’%@%@#%%@% Wéhet "

| ead-in, zone, areas of , OPC (test wite_area
Tonthe slata 1zongyper dogaain p$55\¢1‘?ﬂébed ebatwisen atheu haa f aw& ¢he OSA
area (reserved area). In the | ead-out zone, areas of

represoivid3 aanserDilAth, as¢e ‘Phisviusad daexaegt igrthengefal nedordieg and/or
' (reserved area). Although the above-described control

reprocﬁfﬁl ar&tudBINEm m\é’ﬂ fo e r&ﬁl%aaﬂcﬁor %&?H@ﬁl&d Qf'ﬂl§é?‘ﬁata

ng, becaulse n actual i a portion-o e control
?@tﬁ? PR AERETRR: BB B 5 SEEldres Rfbla £§ihe end
address ADue, is stated in the above DMA.

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 zoné, 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 DMAZ2, OPC (test write area), TDMA and
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Thus, four DVAs are provided in the |ead-in zone and
in the | ead-out zone. |In each of the DMA I to the
DMVA4, the same exchange nmanagenent information is
recorded. However, the TDMVA is provided, and the
exchange managenent information is initially recorded
using the TDMA. The exchangg nmanagenent i nformation
is updated by being additionally recorded in the TDVA

DMA'IG%B@ frggwﬁeao ex&GReiRun@BfiAkd thea 6(&%@1%%16 aRlafCohr 4RY lead-out

y defects or data rewite events hus

rone, L AP A ol A o5 Wbl ara cserved

Moreover, if the disc is finalized, the |atest
area).exchange managenent information, recorded at such timne
point in the TDMA, is recorded in the DVA € such that

t Athenghaheg eborealgsosibéd yntrod dabAabeciyB6t shOSa] bhéh area is
Fi g. 3 shows a doubl e-layer having two recordlng

onuttédé‘ﬁ%&ﬁ thd 'Eﬁawﬁfirf étb&ﬁﬁséﬁlg%%ﬂ}alftg%okgh% o?%ﬁ%l o 1 dgfa area

also terned a [Ayer 0 a respec
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the disc, as in the case of the singleiayer disc. In
preseqtﬁqung}@} 1, the recording and/or reproduction
proceeds fromthe outer rim towards the inner rim of

tHensdifsur DMAsphry providedddr e desd-di eoat $adi incthedegd-oul zone.
the same direction. That is, the physical address is

In eac? MR TRNA Pid i v?ﬁz(e : i the §01 Eﬂ&dr%%aﬁ%%glﬁ?m%&inmmn is

he outer rim t Is Increas

recordedomthe outer rimtowards the inner rim

However, the TDMA is provided, and the exchange management
information is 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 0 and a layer 1, respectively.




As in the single |ayer disc, the areas of the DVA2,
OPC (test wite area), TDMA and DVA1 are forned in
the lead-in zone of the layer 0. The outernost rim
-side of the layer 0 is not the | ead-out and hence is
sinply terned an outer zone 0. The DVA3 and DVA4 are
formed in the outer zone 0.22The outernobst rimof the
layer 1 is an outer zone 1. The DVA3 and DVA4 are

a
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the lead-in zone, outer zones 0 and 1 and |n t he

| Enthedayer brthe reperding and/qrrrepratbigtiongirocendssfromhthe outer rim

TDVA is provided to each recording | ayer. The size of

towartlb¢hd aadr iritn o6 e disct he | ayer 0 and the size of the
- | ead-out zone of the layer | are the sane as that of
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., in the |lead-out zone (and the outer zones 0 and 1 in
whiletihis ipgreased int the lagebl dramyke odies cim towands therinfiererm.
expl ai ned. Fig.4 shows the structure of the DVA. The
sAzdnahetdigglBNRybeding, e atdist 6f thel EZNI@&@Q@PQV&@Q) wtﬁe area),

taken as an exanple. Meanwhile, the cluster is

TDMARd BMAY Ut 18imRS A RIS Wne of the layer 0. The outermost 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 innermost rim side of the layer 1 is the
lead-out zone. In this lead-out zone, there are formed respective areas of DMA?2,
OPC (test write area), TDMA and DMAL.

Thus, in the lead-in zone, outer zones 0 and 1 and in the lead-out zone, there
are provided eight DMAs. 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-ayer disc.

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

the singledayer disc.




O course, the DVA size is not limted to 32 clusters.
In Fig.4, the 32 clusters are given the cluster
nunbers | to 32 and the data positions of the
.respective contents in the DVA are specified. The
respective sizes of the contents are specified as the
nunber of the clusters. Ingshe DVA, there is the
detailed disc information, as the DDS (disc
definition structure) in the four cluster domains
bearing the cluster nunbers of from 1 to 4. As for
23Dhé£e contents of the DDS, explained with reference to
: rg.5, the DDS is of a size of one cluster, and is
repeatedly recorded four tinmes in the four cluster
dbrebitucture of dhe [Mustrgcontadaimthe ldadtinezaneuandin the lead-out
nunbers of 5 to 8 is the first recording area (DFL#1)
zone (ahd the odet eehed 0SindDFin thescakeoftthe detibleclayeedt) tib@ereinafter
DFL, explained with reference to Fig.6, the defect
lLtgt DFL is data of 4 cluster size, in 24 which there
I'ST1isted up the individual exchange address
informati on. The four, cl domain with the cluster
UgHiovs the stgictyrg @@ﬁﬁi@%ond recordi ng area
gﬁib#g) of the defect list DFL. The recording areas of
t shrier of dmel DMEA flsling v h glusédre 3265636 OFites) 1o taken as an
DFL#6 are provi ded, each by four clusters. The four

example Uste@hwi@BBiHe dtibter iheheCdnysltedt unfusaits rédfordihgl o 32
is the seventh recording area (DFL#7) of the defect

&f;?ggska ttﬁg qgléj#%&%iﬁﬁvi Nn&E ERktd %o fa aclilhéf{:%sgﬁglgﬂ?ié.g, the 32

i'Sstare “provide

explai

cluster -
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
1to4.

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




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 the contents of
the DMA. In such case, the seven recording areas of
DFL#1 to DFL#7 of the defect list, witten in the
DNA are all of the sane coptents. The contents of the
DDS, recorded at the Ieadlng end of the DVA of Fig. 4,

whick e fo o) f‘“‘%‘é@“‘% .3ne8§§ %?%@fl%tu Ty i
ks Ry’ oY forlie) v a%&ste?sb%n &5, 3b5 gt 7 bs Hipgecond

nunber of bytes indi cat es the nunber of bytes of the
recording peast (DELHQ) of herdedectdistFEhe two bytes of the byte
positions of 0 and 1, there is recorded a DDS

IHentreddrding ardd® of @lie ftﬁﬁﬂg:ihd ltﬁé‘ follatvihd leFitstisk DFL#3 to
question is the DDS cluster. In the byte with the

DFL#B%}ng gP&ﬁPE ,?T%cﬂftg?gf%rﬁﬁﬁfz t’I;]HédfFoour ﬁgs% @0% éﬁ@)hetge cluster
numbe o8 B AL e devenbiradarding arianets #hoﬁ e Jeleaidiit DFL.
enbodi nent, the exchange managenent information is

WFhattisn seven reeorDing iareas| 6f DRIFL#haot DEEATT of the defect list are
finalizing, but the DVA i s not updated, and the

providedGhang s2ranasemvIn . i nformation is taken char ge of in
the TDVA. Hence, at the last finalizing, the nunber of

:Ié@% rcg% Eggsz ,L{)qu?et-gn(ge\ésgﬁ locfhs%,DW%%e %}—Qpémg only once, the
processing termed finalizing has to be carried out for recording 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 Fig4,
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.




recorded at the relevant byte positions. In the four
bytes of the byte positions from24 to 27, there is
recorded the |eading physical sector address (AD DFL)
of the defect list DFL in the DMA. In the four bytes
of the byte positions from32 to 35, the | eading .
position of the user data agea in the data zone, that
is, the "0" LSN (| ogical sector nunber) position, is

{SHIC];Q secl{ of % (é[RE %ﬁélf?ft %’eﬁie% lgﬁgpgéat% t?% DDS type

e positions from36 to 39, the term naI position of
numb?yh@ IJE@'I,VQ{Q{OQ area in the data zone is specified by
the LSN (Il ogical sector address). |In the four bytes
dh theefoby thytesy siith dhe biyto posdians @34 tolkrtheimmber of times of

specified the size of the ISAin the data zone. In

DDS 'd%b@af@ Wvehit @6 rebokded. IvicanRasiel | @Nshd revést Eﬁllﬂ)?hment the

ere is specified the size of the OSAin the data

e Syyep b R T o P e o
finalizBpe g thy SRS PHEURSBETHED Bl miihgass reanasem nforgration
i ndicates that the |ISA or the OSA has all been used.

is takemhehargemifninrihe BB AoBliencenat tedastefraliddg, theanuimber of times
undefined, and are all set to 00h. That is, the DDS

of the il)lpﬁhtéd@ﬁenfté”'@f #HIpES (PO Qeﬂﬁ)%i' P! Szﬁ‘neﬁhtﬁltslhzﬁ‘éMA is

the |1SA and the A, and t xchange area usab

record%h 39 the'tdevark I?)?mPE% itign e

In the four 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.




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 recorded in the four-cluster
recording area, as explained wwth reference to Fig.4.
In Fig.6, the data positiong of the respective data
contents in the four-cluster defect Iist DFL are
edef | i f Vi | td : anwhi
oo Lot o GielByR poABofULZ MBS, i Micalieli txkfiange arca
bgi ng. 2048. byt es,. The n r of .nytes indicate he
usable faBSindichtisg BB et (T BER svilihs 55 2ORSIONS G e Hgeof the
| eadi ng. 64 bytes of the defect Iist DFL is the defect
ISA apd ghe gEh® prchangeonpatisable flag indicatdethadtthe ISA or the OSA
managenent information, the information for

has alflesogmded. ng 27 that the cluster in question is the
cluster of the defect list, as well as the information

g yTol hi V. js f 1. nes t
I R@hafithd B FEiBls afe FRERR, thar D uRicttRAE i are all set
to 00 of the defect list, is recorded. The byte nunber 64
hff. records the exchange address information ati, each
of 8 bytes, as the entry contents of the defect I|ist.
Gihag ds.| thedPDS mchedasathe astdresst of theenssiiatage aserrthe sizes of the
information ati#N, 8 bytes of the term nator
ISA  andf cieTeDS AN, arkb théeetohanke ngre@ndsadle thgg exehanae DDS is the
address information, are recorded.

management/ control information responsible for area management of the ISA and

the OSA in the data zone.

Fig.6 shows the structﬁre 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




In this DFL, 00h is padded fromthe termnal end of

t he exchange address information up to the trailing
end of the cluster. The 64-byte defect |ist managenent
information is shown in Fig .7. In the two bytes from
the byte position O, a letter string of "DL" is
recorded as an identifier2pf the defect |list DFL. The
one byte at the byte position 2 denotes the form

: i Loy f -
that thtgh%g@%% igf %ﬁé&jﬁoﬂe& Eﬁj& gids%ér cﬁﬁhe dbP&ct lir?u'i’,',o?sb\\(fkﬂsaSQtﬁﬁ éﬁflﬁ‘}nanon

osition enote the nu t1nmes

. .. defect |ist DFL i.s updated. .Mea ile, thigi he..
indicafi§ 156 wierSing BUmbr R i8S iof S Rl unist o M delsht list, or the
update events of the tenporary defect |ist TDFL which
numbsgj af enydes ekihieadefeet lisibsagoeittedy. The four bytes as

fromthe byte position 12 indicate the nunber of

etier bee numnbdrh®t fetesirds tisd ex¥Hangt haidress, infdrenationdsti, each of
of the exchange address information ati. 28 The four

Sbyteg,%’ats?cﬁle%ﬁ r R e o@fﬁ?d?%gﬂikf?n 24 indicate the size

e vacant areas o exchange areas | SA and CSA

0 ternms,of .th upber. of cl uster The. renmpi ni n
poreione oieofast Eleeliu sxdhatits iuesy okPATGR gAN. 8 bytes
Fi 9. 8 shows the structure of the exchange address

of the degpmeteoriniarmatign, chs i de trelingf endaol ohei garbangengiddress
t he exchange- processed respective entry contents. The

inforniatival areuweberdedf t he exchange address information ati

in the case of the single layer disc is 32759 at the

%’ﬂgi}“@‘ﬁ%&t‘}gg %EQW@%E@? gerhﬁfﬁf BRY | AR dxdhBnPB MRidress
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.




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 usua
exchange processing. The other status information

val ues are di scussed in copgection with the

expl anation of the exchange address information ati of

glﬁi:é—f('bd"r EM-aSTﬁﬁnpﬁ{éb%g?\I&g%iBftﬁzéﬁi B%i@ﬁtgethkrt‘?zé otth@lvacant

ysi cal sector address exchange source
cluster, That is,the ter, exc ed a fect
areas G} 15 Rehanp@areeb aS Ao DA & toriiscal i oymiondb sy Setsn
: sector address PSN of the |eading sector. The bits b31

tlhepzgnaining byerpasitionshgegesasved paduge alfsst rnbdlon
(status 2) in the entry may al so be recorded. The

tHig 8 $idoiws ehd@ruogire afaht kxchaagd addalRy Shitdmasret o, which is
address PSN of the 29 exchange source cluster. That

the infio?mafi’ﬂﬁ NndRG1s {’Eﬁ% Sf(ﬁ%ﬁ%ﬁ&%ﬁ%ﬁ:ﬂe@g&%‘%{;ﬁ;&gﬁb Obntnts.

ewite event,
stination,cluster is indicated by. the.l eadin
ITSI<0 MEEbEy 7 1 ar SubsitseSs FfonaatpR gL BE s case of the
. The above-descri bed exchange address information ati
singleflayarilise it 3373t thepaaxiyng t he exchange source

cluster and the exchange destination cluster

Bachioxehtng® addi@gisy difoexatiengel ipnmaeds ap iby. 8 byaRk (6atHiK). These

is registered in the defect |ist DFL of the structure
bits arS WWiBatel 58t B63 to bit bO.

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
exchange 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




In the DMA, the exchange managenent information is
recorded by the above-described data structure.
However, it is when the disc is finalized that the
above information is recorded on the DVA, as descri bed
. above, in which case the DMNA reflects the | atest
‘exchange managenent informgpion in the TDMA. The
exchange processing for defect nmanagenent or data

exchaﬁgg\@&)ﬁﬂcegﬂﬁﬁgr_t he wupdating of the correspondi ng
exchange managenent information is carried out in

TENR il B ST e AN, Ty Ao, e
informati on area as shown in Figs.2 and 3, is now )

- clustep | thenewchagigei destination chistenvis, indigatedMay (the nisadingy physical
. DMA) is an area in which to record the exchange

sectorrmeidageBSIN dfnfelemiingsectd) However, the TDVA is
updat ed by additional recording of the exchange

MERRJ -Jb 8P bk PR &S RARR Y CirBrih B0 G 16 te(ﬂgie ebry for

t he exchange processing ~“responsive In turn to
..data yewite event or t he defect detection. Fig.9
specityfighdhé nranBEr Suths RRST A tharerdiipse oestfippygluster
. 1s e.g., 2048 clusters. As shown, the first cluster of
pertingmdod giseBexhales ProcessBgds t he space bitmap. The
space bitmap is the information indicating whether or

Richeergiw Biregistatedrin thadefdct diadPpHieeNthar dtticire shown in Fig.6.
Specifically, each one bit is allocated to each

ThUEDI0R 2 02 B SRS L egoried by e
above-described data structure. However, it is when the disc 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.




been witten, based on the value of the associated
bit. The data zone may incidentally include the
| ead-in zone and the | ead-out zone (outer zone) as the
managenent/control area. In the space bitmap, all of
the clusters formng at |east a data zone (or further
the lead-in zone and the | ggd-out zone (outer zone))
are each allocated to one bit. This space bitmap my
0 n lfust:er  si R, the:s | SC LN
HoweSf, "the7 SDMAS & ubuzea ' Ri0678, 2tefioMiE ol 3" dxchange
= di sc %Ee space bitnaP, associated w t %gch %g er, is .
managerment. WAGKTARON FespRBRive (Qsther occurrance pf; thgesXrphange ipgocessing
_ sufficient if the space bitmap of each recording | ayer
responsive gronddd the datalrewridvigvent or fontherdefamideteatiomhange
: processing is carried out due to e.g. change in the

dRigD sl etiesstradiinte 4 hRPODM X . defect list) is
additionally recorded in the 31 |eading cluster of

iti}geﬁ%%&? Q%ﬁ;&?%ﬁg%@%g rS__I—lence, the first TDFL

recorded as e position of the cluster
exchan rocessi

n er 2. occurrence, of e i.ng .
ﬁgﬁlﬁ%‘ﬁnt ihe Bk chistet Aae cbigen JUIRBE,F dekPrin tengpace bitmap.
consecutive cluster positions. The TDFL size is from

orfe spagstlutmapp is thetinfomgationimdicatinguwhethes toemet aSiiver cluster
the space bitmap specifies the wite state of each

has al@dadgtisden whetesp S?@ciﬁbhﬂ?}i@adlﬁoﬂ@ datigdilloeaRd® & ht Auster of a
t he occurrence of each data wite event. |In such

s 255 AT SPEES, BTHR BBt TP ST bl

case of. the TDFL. . .
been written, based on |fhe value of the associated bit. The data zone may

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 Jead-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




That is, in the TDMA, the space bitmap or the TDFL is
post-witten. Although the structure of the space
bitmap and the TFDL will be discussed subsequently,
the TDDS (tenporary disc definition structure), as the
detailed optical disc information, is recorded in the
trailing sector (2048 byteg) of the one cluster of
the space bitmap and the clusters 1 to 4 of the TDFL

leadingi Sust? @f‘%.uh%o?cgéd;‘ég% ?r%gthf:ﬁrmfl‘%ﬁ I?%%&?Hhe-rﬁﬁt TDFL is

pace bitmap i's suc

corded/ unrecorded .state %ﬁﬁ ne cluster qn the disc
recorded” R5 (F e Ries i, POHEOR: o (g (0SieE THROGKoRr b cRAsRGRCe of
to the wunrecorded cluster being "0 and with the bit
exchange peegrsaidigngvants,tthe TIDTE: sradditipnally decerdeédortiedonsecutive
thereon being 'I', as described above. In the case of
clusteppésisieas or = 2048 bytes, the capacity of one recording
| ayer of 25 GB may be formed by a bitmap with a size

Cls .
FeRDH ks £PEbgt ST AR it oI e
r@é' . 18, the 3,2 sector.g vvi}_]hi n each clyster is
Bie Bt shace pidean specifiet ghe Write Tiee 9} (eachodigtesnthes space
. indicated by the byte position in the sector. In the
bitmap ésslipdgteslerstspongye tthethe occurence dedeachvdataewyitofevehe In such
informati on for managenent of the space bitmap. In

case, ﬁlﬁmetw\@?@d@ Bmap it Hermyd as FRsthithenNsadih®™®nd dPOthé: vddant area in
the sector 0, "UB" is recorded as a space bitmap ID

e TIPS e P pbee, | dent i er) 11 the one
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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
one cluster on the disc is represented by one bit, with the bit corresponding to the
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




In the four bytes as fromthe byte position 4, the

| ayer nunbers are recorded. These nunbers indicate
whet her the space bitmap is for the layer 0 or the
layer 1. In the 48 bytes fromthe byte position 16,
there is recorded the bitmap information. As for the
bitmap information, the stgpt cluster position (Start
Cluster First PSN), the start position of the bitmap

Iy Lt j and the
bltmaﬁgj% té‘%@%@%ﬁ%@%& af?gl e( Iaér%}e%gﬁ? %’%{t&)ﬁ?éngt hin
i t data).are each .aof four bits, with t
TR h 142 R6508 SHUBR earh clusdérsp aeprespuiedyy sectors 0 10 31,
position (Start Custer First PSN), the position of
The byteepdsition is indicsterdt by shp bytd pesitioy in e sqgéer bit map on
the disc, is represented by the PSN (physical sector

dddieskhdinkhSe@ba ), hesd id eetorlied faevbﬁ;nga Bf 4Bé anfcérnddtion for
Byte Position of Bitmap data) 33 specifies the start

manaééh‘ﬁz&g;q‘}gggggﬁﬁe%ﬁﬁl%gﬁp data itself by the number of

ative position fromthe
n-al | ocat ed Space Bitmap.ldentifier at the leading .. _ .
ﬁﬁdﬁeawqalta%t% ctﬁebl?xtﬁermsﬂﬂw& e aﬁﬁ’p{zelf’oﬁ‘el:ﬁf‘d%t‘i’b,g» UB™ 1s
the data fromthe | eading byte position of the sector
recordéd e aospase bitendy Iddp/rdallecated SpacdBitmoay Idemifiet).t he
bitmap data being indicated by the -nunber of the

i ttRe .onkhteytk TAhE 18fte ;ﬂ&fsﬁitﬂiﬂ E}iﬂledﬁ{rﬁla@ l\@féi@ﬁ‘ | (@cfn%il Elumber) of,

Length in Bitmap data) specifies e length of the

for ex%ébgg??%@?;gspyg'&é?%%cpe nunber of the bits. Actual bitmap

‘are recorded as fromthe byte

ggs' %ifcglirl]rt lgaggg af tfg;erg_stﬁé g}%—;g&:jg% ,Eﬁgietl)?qrgé%l)mgérsta?g recorded.
These nﬁmbers 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 (Variable 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)




bitmap data is one sector per Gl3. An area downstream
of the last bitmap data to a | ocation ahead of the
| ast sector (sector 3 1) is reserved and is '00h'.
The TDDS is recorded in the |ast sector (sector 3 1)
of the space bitmap. The structure of the TDFL

- (tenporary DFL) is now expl3gi ned. Referring to Fig.9,
the TDFL is recorded in a vacant area in the TDVA next
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of the TDFL may be under st ood bé conparison with the
of theospaes bitingars. ITiilke exempleeofcbig.é0; shofdathdrarprthe lemding byte
simlar to those shown in Fig.6 in that the | eading 64
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However, the TDFL differs fromthe DFL in that, in the

the lempklofshe bitenap dathevith the nomber phithe bitpor ary DDS ( TDDS)
is recorded in the |last sector of 2048 bytes.

Neamahbltthap dath (Bithidp-da@dPlrd sedordeieds Yok Qh@B?@éjﬂgsfition 0 of

the | ast sector of the cluster to which bel ongs t

e scRRR RSkl B9 FABRPIOR 200655 of PSQDE DAL el of e
bi trailing end of t t}s exchange address
itmap data 1s 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

ﬁnderstood 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




i nformati on belongs to the |ast sector of the cluster,
O is padded up to ahead of the |ast sector of the
next cluster, and the TDDS is recorded in the | ast
sector. The 64-byte defect |ist nanagenent information
is simlar to the defect |ist nmanagenent information
of DFL explained with refemngnce to Fig.7. However, as
for the nunber of times of the update events of the

lst m3f @her forihariof dhe DHEERAL AN 1OrAHBARRL o] bRH 8 bytes
. [ rded. By so doing, t seri.al . nugber, of the defec .
is reciREq difianb then By e priom oA nCha: the; Gghl hyses next Tollowing
: represents the nunber of times of update events of

the lasheexebpage address infarmatione ati#hbtrgpreseftothe Heailngbend of the
of entries in the defect |ist DFL of four bytes from

exchahpe atiiltess pRforinaionl2, that is, the nunber of the
exchange address information ati, and the size of the .

7 0 t .
HaRveE B TR, o oM DR T i Uy TR, $P g ctusters
T updat e {i [nts are ..recqrded. The s cture
Lo 4&5%%4%8%@@?39 GPIRPY s Fésustsrhdn Bie 6t sqchon byfes.
simlar to that of the exchange address information
dleanwhilneirDile Thdiln Q0 &ippadsledsyxto therd of the kast beatgeof the
address information ati is one entry and both the

cluste€ s hafigle belutigsethe akaiih 8 rendngf e RotNBBIRIIAER! infetnhatTbn. The
cl uster pertl nent to one exchange processing are

D38BT B kB S5  S RL S pangs s
: inforn{]q%{og:r t B?ltgﬁttgl?hg att g%glor %tf ﬂtlg ?:hfs)‘égrt: ni%epa%%%ﬁelfpsto ahead of the
last sector of the next cluster, and the TDDS is recorded 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




TDFL may also be "0 10 1" or "10 10', in addition to
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
t o exchange managenent (bunst transfer managenent ) .
That is, when the status |I is '0101', the |eading
' Sf PRI e
bytes BF@%?hgﬁﬁ&% E@Sﬁgg%?ﬁ gﬂ%h‘&ésllﬁgglla%lg%t or aglggé%stlo © %mts are
change destination cluster of the exchange address
reca“ﬁ%hornatlon ati represent the exchange source and the
exchange destination of the | eading one of plura
physs stradtuye o ﬂnsemham\ge asiduetsemforn@rticrhati on itiee TR is similar
when the status | is '1010', the |eadi ng physica
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| eadi ng phySical sector address of 36 the exchange
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_ physi cal |y consecutive clusters are collectively
are showvip.eStieh ¢ndryexs hagptensdone gke ngmporanys dafece dest SEDFIL of the
enter the exchange address information ati for each
strucuq{a dft[q pliural clusters, but it is only sufficient if
t he tvvo exchange address information ati of the
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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 stafus 1 is “10107, the leading physical sector

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




and by the possibility of burst transfer managenent as
t he exchange address information ati. In the TDVA
the space bitmap and the TDFL are recorded, as shown
in Fig.9. However, the TDDS (tenporary disc
definition structure) is recorded in 2048 bytes as
the |l ast sector of the TDFBgand the space bitnmap, as
descri bed above. The structure of the TDDS is shown in
the exch g Ao sl e BdRRE Attt aggpresent
in the above DVA. Al t hough th S.i s forped by one
the ok fhAnts, SO585389 piice Stchenass desunaion ook ¢ sla8) Gt of plural
.DDS are defined up to the byte position 52, as
physieatiy conseeutive elustsfer ence to Fig.5. That is, the
substantial contents are recorded in the |eading

SHeiQr whknofiee ghlugdlephybiRang, cbhgchti®eCenistdtss ar@ycdiRctively
conpr ehended even though the TDDS is forned by one

. r : o) 13S0
subject 18exgfidned BrdtRtelil AR ARSI AE 16 R 130 Brlangs address
. of . t he,. up, t he te positions, 0 to 53. wever,,
infornfation FHaer SHEh At ThnBReL SRaHEb R Hanly: SHETCHaT dyttae two
position 4 and the start physical address (AD DFL) of
exchan@raddness infombaion stirafabe deatling and drailihg chysterspos entoped.
24. As fromthe byte position 1024 of the TDDS, the

I'THeO ML 48 basicaPlfoyintied innstréfardRS the DEEOLeds fE8Rired by
LRA (|l ast recorded address) is recorded, as the |ast
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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
those 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
recordéd in the leading sector of one cluster. Hence, the DDS contents may be

comprehended even though the TDDS is formed by one sector.




address PSN in the user data area where the data is
recorded. In the four bytes as fromthe byte position
1028, the start physical sector address (AD BPO) of
the | atest space bitmap in the TDVA is recorded. The
ot her bytes than the above byte positions are reserved
and are all of the contentgg of 00h. Thus, the TDDS

i ncl udes the address of the user data area, the sizes

Of ot - he e a
P15 S e B P i bon i o oF HRREIN M 28, HRETIDS has
information res Si for area managenent of_.t | SA
contety TR OHhasE FTEHE XS 1 b ie PHe TIPBL DeaeS3. divever, the
TDDS is simlar to the DDS. The TDDS al so includes the
TDDY seajal asimbpass lage esordedas fona theebptediosatipo ¢i andothe start physical
' i nformation, and the information specifying the

addresf (A DFE) bATERL $ipaeTIMIANE trecdded tas GrorhAR: BRE ?oﬁﬁon 24.
Since the TDDS is recorded in the | ast sector of the

'I%%g%flglﬂﬁ ec |re ?&%Iﬂé@éab?ﬁ r(r)z%%l%e spgttell%bllll?%g%ig&?%gi vided in
-L is added. Thus, in the TDVA of Fig.9, the | ast
thEDégg%eCﬁ%&i n the space bitmap or in the TDFL becones
the | atest TDDS and represents the | atest space

bherhRA Tlass reeardad tdddues) tih eespded, bs thepastgecording position
additionally recorded and updated, it is possible to

infornitRsp iﬁdi@aﬁﬂ% e IDist PaRition OetHeel@biiedsat ddtheinChe! @k bytes
time point. 3-2 LSA and OSA Figs. 13A and 13B show t he

as froh‘?’%h@%t%ﬁﬁﬁht 1§28 This is the radially outermost physical sector
address PSN 1n 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 BPO0) 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
management/ 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).




The |1 SA (i nner space area; inner rimside exchange
area) and the OSA (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 actuallggrecording the data to be
witten in a target address in case a request has been
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request has been made for rewiting t
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~+ The OSA0 and the OSAl are of the sane size. The sizes
1s posssbletthegragatheospachditnsnoto berafprenvgdiai shosurrent timieepoint.
OSA0, OSAl) are defined within the aforenenti oned DDS
3-2 LSdndOSA The size of the 1SAis deternmned at the
time of the initialization and remains fixed
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space area; outer rim side exchange area) are areas provided in the data zone as

bitma

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 OSAO are
formed on the radially innermost and radially outermost sides of the layer 0 of the

data zone, respectively, while the ISA1 and the OSAI1 are formed on the radially




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 exanple. Assune that the
request for data witing for a cluster in the user
data area where data has already been recorded, that
is, the request for data rgwiting, has been nade.
Since the disc inthis case is a wite-once disc, and
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data 1s witten in a cluster in’t in the

hi i 5 the .exchange I Si Thi exchange .. . ;
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af orenmenti oned exchange address information ati. That
from gagh ather. heHaRJ& ansbibeASAdf areraftthesameisizes  ent er ed

with the cluster address, where the data has

I'THeesigad by tHeESA r(@ﬁﬂfedlis_iwﬁl@d&l)vhiﬁdltﬁdﬁsw tthe OSAQ, OSA1)
address, where the rewite data has been witten in

Ol ge source and as

are de%iﬂgdlgxﬁc gr;dd%%gseljs% |er?§ﬁ8%?§]r)§tshglec rvel'y. 40 That is,
i) case af d Ny iti.ng, the rewite data..is. )
Thecigeat e T4 it Galegmined at, ciRe ofrife inbializatiom gad gpmains
the data positions by the rewiting is supervised by

fixed subseguenibh deomdusadysthenfioe ohithe S imanbe khamgikl even after the
the TDVA. Thus, data rewiting is substantially

data récoadlinge Chat i9nthe . @S At dige Pesy Benlyeealbyt Bl@arﬁ%n?&hé g_ﬁe of the

g e

host system or the file system éven thou i sc

OSA rkéo}dé%a iﬁﬁtb}, q??ﬁgqaﬁf&?%uggﬁﬁ? gEshol ds for the defect

managenen stéer iS'retained to be a
fective area, the data.to. be Wf§gen t her

OIS BIOCERRE SPONPEINg HEISA Spdine Dy i furisdaut as
by exchange processing and, for supervising this
followsxtharsgse op datieresiniting tniaken ais amgexamiplee dssumedhanthcarequest
for dai?at Ierit?nge r]ff)f raegfuster 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.




4. Disc drive device A disc drive device (recording
and/ or reproduci ng device) for the above-described
wite-once disc is hereinafter explained. The present
enbodi nent of the disc drive device formats a
wite-once disc, for exanple, a disc where only the
pre-recorded information anga PIC of Fig.1 has been
fornmed and the wite-once area is |left unrecorded,
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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 prerecorded information 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
.andfor 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-




Wthin the optical pickup 51, there are provided a

| aser diode, as a laser light source, not shown, a -
phot odet ector for detecting the reflected |ight, not
shown, an objective lens, as an output end of the

| aser light, not shown, and an optical system also
not shown, for illum natingithe |aser light through an
objective lens to a disc recording surface or routing

turntagl'é‘%‘ n'b?fshS\%h?E)éJrio J heliRch ng @ﬁﬁ%%ﬁgﬁ%i%?_@%aﬁog the disc 1

I Ckup 51, t ective lens 1s he
. it, f. I the t [ di ti
is run i hiahBhet PG LaeRb delogty GRS RY aciie cRlgT3E  n
its entirety is novable by a sled nechanism 53 al ong

tBE eadiaptical r pickipn (epticdle htiady . SThetheashPIi @ddrass or the
the optical pickup 51 is driven for emtting the |aser

managérgbint/ doyntral dnformasicgnals (hd preravokdedinfdrimimion, leastsedded as
driver 63. 42 The information on the reflected |ight

wobblfvimﬁ? h'BI{ ﬁﬁeh gf()g&e?icgr?cg ﬁ%:rﬁ E%@ 31#3’ 1t g Rhat ggeh§ Cz{n? rotp;dcal pickup

Int and sent as an®electrica

" Sfl%f‘gﬁ)S proportionate to the received |light volune to
(opticg i circuit 54. The matrix circuit 54 includes

e.g..a_current/voltage converter and a matrix
dalgitiadtziegfommgstingiasrreeprding the nseradatactbgtmanageneent/ control
the output current fromthe plural 1ight receiving

infornedtioreot the aserptih qgleéanied inahd tgekeimafiRswiieeddde area, by the
signals by the matrix calculation processing. For

ticaP BRIRDS 1. I AR &SIy CHeGd Sodt ical pi
P 1caf Pe quency IEL?% Fésé%y’e%{e%b&%%tﬂ acglg{ﬂ gsag%a?) Olg{olgpglse pcc)}?}t%ﬁar% 8 ickup
51 to the replay data, as well as focusing error signals

* and tracking error signals for servo control.

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.




The matrix circuit also generates push-pull signals,
that is, signals pertinent to groove wobbling, or
wobbl i ng detecting signals. The matrix circuit 54 is
sonetines built as one within the optical pickup 51
The replay data signals, output fromthe matrix
circuit 54, are supplied t@za reader/witer circuit
55. The focusing error signals and tracking error
' sght Y% i Lt by s
e S Bon R thE e B R Rt RO S P eLi B by the
eader/w.jter .circuit. 55 perforns _hinary codi ng on. .
photo SRRy Wit ot itical picREb ok f Bhch Hghe afr gy Chefftical signal
generating processing by the PLL. The reader/witer
propogiansté to thepieediveddighitvalumado aumatix einenidpdi cal pi ckup
51 to send the reproduced data to a nodem 56. The

Moigke PAelx | dieduid 84 iacludes el @natupsnt/valsage demestesr 4t a matrix
replay and a 43 functional part as an encoder for
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: repl ay clocks, An ncoder/ decoder 57 perforns the
light FEBaNe GIPREs oAt ole Ak BEReal, DECASh Tastals by the
during recording, while perform ng ECC decodi ng of

matrixe¢alonlatioomprecessmg.duri ng replay. During replay, data
denodul ated by the nodem 56 are taken into an internal
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data s%ﬁlgagsa g:r%}:%ggg%%ir gg@eﬁhé%f)ﬁ?u&ﬁg, £abA1R% fcﬁﬁsﬁ%q:rror signals and

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




read out under a command froma systemcontroller 60
and transmtted to a host device, connected in
circuit, such as an AV (audi o-visual) system 120. The
push-pul | signals, output fromthe matrix circuit 54
as a signal pertinent to the groove wobbling, are
processed in the wobble cigguit 58. The push- pul
signals, as the ADI P information, are denodul ated by

mngtig%bﬁg%% £n ChéSdbtfoPBeddplied data stream forming an

ress, so as to be Supplied to and address
ecoder 59. The address.decoder 59 .decad he data .
38 friley. vingenelsdbniRd shaes ard dPRodued, aheis decoding
supplied to the systemcontroller 60. The address
procesggg basedondhe sepjayislenkss cl ocks, by the PLL
processing enploying the wobble signals, supplied

fARBCOenvodet/dccodardT pefforing theBCChenclidg of appending the
generated cl ocks to various conponents as encodi ng

dur ¥ ng rdj. 0oy =Ryl l: si
error R HSAAAARER 1 Eeding \EHAE MR ing 90T Secdtiing UE ervor
as the signals pertinent to groove wobbling, and as
correcfigg C{s‘lf’élgrlgé’garyded information PIC, are band-pass
filtered by the wobble circuit 58, so as to be
dappig eeplay, dite demeadidatedrby the miodeni £6 B¢ taltan into an internal
push-pul |l signals are then binary-coded to forma data
memoby tnd tsﬁ%ﬁé@t&@ ke Rrioy ddiedtidifCodretdachrndeid@ldiRiheay pfoduce
by the ECC encoder/decoder 57 to extract data as the
_ reprod%?édﬁﬁfﬁ‘?r ded information. The so extracted

-recorded information is sent to the system

B B e 0 e PP SO CRRE Ay b Sy o 57 i
read 0:12 gﬁdgﬁg Ceocé]m%rn%cfer(s)rsri ggsy?‘fe?rrl actoin(t)rrg)?l’er %%S ggd (%Pants?rfitted 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




pre--recorded information. During recording, the
recording data is transmtted froman AV system 120
.as host unit. These recording data are sent to a
menory in the ECC encoder/decoder 57 for buffering.
In this case, the ECC encoder/decoder 57 appends the
error correction codes org4subcodes, or perforns :
i nterl eaving, by way of encoding the buffered
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ste a t hence supplied to the reader/witer o
cHiemn-B8l shilrens SO Rl stahSls' GHPRE fifina i matix circuit
cl ocks for the encoding processin during the ) )
54, as the signalsgpertingskep grooyeavebblingm thelbteeedgedligformation
"~ as described above, 45 may be used. The recording

PIC, atatbandgsnsrfliekddly tthe wolslsiei ¢igcuit 58e$6i 4igto dESsupplied to the
processed in the reader/witer circuit 55 by fine
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. respect. .to the _char ri,stics of . the recordin
bit srGiRy Whiph, iSn it oEChe el [nghe dnteHi@NEC B g ECC
linear velocity, so as to be then routed as | aser
~ encoder/depedgnl $ésta cxdracaséatadns vihe pBeratrydedsifonmatien. dde so
applies the supplied |laser drive pulse to a | aser

extractéidgste-redordedeinfminhatidn Risektifo it dyetahiceatrollas60. | i ght
em ssion driving. In this manner, the pits
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proces%{nrgc u(int 85§9pr8t%‘é?r p%ggetsgﬁllg) ggeq'ations, based on the read-out
pre-recorded 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
57fbrbuﬂbﬂng.

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,




manages control to render the | aser output constant

‘Wi t hout dependency on e.g. the tenperature, as the

| aser output power is nonitored by an output of the

| aser power nonitor detector provided within the

pi ckup 51. The target value of the |aser output

during recording and reproggction is supplied fromthe

systemcontroller 60, and the |laser output level is
nmytﬁﬂﬁkﬁ?"ed to be the target value during recording and

reproduction. The servo circuit 61 generates various

‘servo drive signals, su as focusing, tracking and )
%rwwgd ?‘%e EsTgh? éBthfl%rﬁnFH g PIRGeRYNgnare processed in
tracking error signals fromthe matrix circuit 54, in

the readetéwriter eixewit68 h inseadjostopet atfi thasoptifhvam fesprding power or
focusing drive signals and the tracking drive signals

adjusteient oTTRE e Wrivie® PRNRESKY PefoPm! RatH ARGPELND B Aaracteristics of
signals and the tracking error "signals, to 46 drive

| _ . . . . foth Covial.
the ol iR i e R P AETELARHE MR i i Wiebiy, so
25 to B5GPB roBledctn BUIHADERE: ¢ AMGeRG-EE OBoousi ng. Ser vo

| oops by the biaxial nmechanismare formed. The servo

cThe liistr @tivies 63empdiesithe supphed dasckidvivg pulsecormtasdr diode in
fromthe systemcontroller 60 to turn off the

the optical pidkapSST Y& effeepldser AghPEhidiby WPiviig VIR &1i90@Innet Xhe pits
carry out the track junp operations. The servo circuit
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drive a sled nmechani sm
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 outplit 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 1s, the focusing drive signals and the tracking drive signals are

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




53. This sl ed nechani sm 53 includes a main shaft for
hol ding the optical pickup 51, a sled notor and a
transm ssion gearing, not shown, and drives the sled
notor responsive to the sled drive signals to effect
t he needed slide novenent of the optical pickup 51. A
spindle servo circuit 62 pggforns control for
rotationally driving the spindle notor 52 at CLV. The
. i - r i i . b r | : .
drive By RCRIDECHE Fd i bralkicGr ol GEone) ke HEHRERLA WRKin the
. iLnf.ormation on.the current rotati.onal speed .of the
optical g 1o 5\ dPissBangiy Gripiical TFIEIR Sle RRAtES giggiit 54, servo
preset reference CLV speed to generate spindle error
circuis b §reaidstheDoadliing tand fvatsingegeroa lleopsoby thadiaxipl mechanism are
cl ocks generated by the PLL of the 47 reader/witer
forme@i rcuit 55 (reference clocks for decodi ng processing)
becone the information on the current rotationa
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i nfornati to generate spindle error signals. The, i
systen3 GPRHP ex89 46 Dusir ol the BECHBEFETO ADINRIRUHA TYEP drive signal
signal, generated responsive to the spindle error
to cangyi gtethe ttagkgangpeopi@irytions.at i on of the spindl e notor 52.
The spindle servo circuit 62 al so generates spindle

OFHe/€er§b @Rt 6 ¥ BeMGARs \fed 8AvE sEitaldtski ek/D8al @rror signal,
control signal fromthe systemcontroller 60, to
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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 coﬁtrol for rotationally driving the
spindle motor 52 at CL.V.

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 various operations of the servo system and the
recordi ng and/or reproducing system described above,
are controlled by the systemcontroller 60 forned by
the mcro-conputer. The systemcontroller 60 executes
vari ous processing operations responsive to commands
fromthe AV system 120. Fog7exanple, if a wite
command is issued fromthe AV system 120, the system
ta% | 1605 C t apt '
readelP ARG 133 “PERAECEIRIAN! (R dLORURR pEREsEnEL Bighine the
. t hen causes the ECC. encoder/decoder. 57 an nodem
infornigdigh, 8 Y e RO R SAEE P b LSRG e gHOT 3 s, The clocks
transmtted fromthe AV system 120 (vi deo data or
may beidioanpared of thewpresst €)sY ereferenoe spesedVrEconatigneto generate
recording is carried out by the |laser drive pul ses
Spjndla@ﬁforfglgmlg_he reader/ wri ter circuit 48 55 1to _the
| aser driver 63 as described above. Mreover, if a
I n q j{N@nt nsfer.  of - tai t
(R SRR SR ERhl ' DAl Glindle. SEVECSEE' Benerated
supplied frome.g. the AV syste , the seek .
1espORSEE 4 T SERRS BiHor SIEIAl (9 SRACHCLIY KREligPeat Messpindle motor
address as target. That is, a comuand is issued to
52. the servo circuit 61 to cause the access operation of
the optical pickup 51 to be executed with the address

SHRCipinatt BarvbneraRes2 e Bskerates ihdledftive dipRaky $E§Bnsive
controller then perforns operation control needed for
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operatgqur{sccgf s:tglg;gt?)g: ftlgc%lgfiatsign %mtdode%g esr’aeti(tjrtl1 of {}?eagﬁglégrinto%r 52.

The various opérations 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




nodem 56 and the ECC encoder/decoder 57 to execute
decodi ng/ buffering to transmt the requested data.
During recording and/or reproducing these data, the
systemcontroller 60 nmay exercise control on the
recordi ng and/ or reproduci ng operations or accessing,
usi ng the ADI P addresses dagected by the wobbl e
circuit 58 and the address decoder 59. At a preset

55 tofﬂe%ﬁ&dﬁ’\%r%?&s Q8 crpRdidbgyvkhe disc 1, the system

controller 60 reads out the unique ID recorded on the

ﬁ%ér%qveetr? 3 8rad sompRek Tesher e e e hl Geraft data (e
wobbl i ng groove in the repl ay-only area. In this
MPEC&%\éfedeq 3@%9@@@@@@ enthodissr] sxapplicdJreo g cthethtSLYétem 120,

seek operation 49 wth the pre-recorded data zone PR

the seéls opetadiogedontridlds ekercidodewitlishe specfied alddasssias sa@et. Bhat is, a
conmand to the servo circuit 61 to cause the servo
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cku 1 towa hé I nnernos

o L L GRS S0 Soman

acquire push-pull signals as the reflected |ight
atargéinf ormati on. The systemcontroller then causes the
wobbl e circuit 58, reader/witer circuit 55 and the

BXe eppader / ceneslesr Sheho pxfsiuise bﬁ&aﬁi@ﬁod:idimdlo needed for
acquire the replay data as the pre-recorded

transnhﬂﬁl?é ”E]F:% 'd%[h6§f per @%e NEGARE b Bhe AW s}\é?éxﬁ”ﬂzo That is, the

con aser power seé
'systen& hg%ﬁﬁa@g )geﬁi%g ,%?1? é&é@g}sﬁpdﬁ%a Ihtg .9%{1% rrsh%cr(zarager(;wnter circuit 55,
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




read out. Fig. 14 shows a cache nenory 60a within the
systemcontroller 60. This cache nenory 60a is used
for holding or updating the TDFL/ space bitmap read
out fromthe TDVA of the disc 1. The system
controller 60 controls relevant units, e.g. on | oading
of the disc 1, to read ouygthe TDFL/space bitmap
recorded on the TDVA, to hold the so read-out
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ange processing I's carri
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operatiens 0f theaypsical pwkaip 5 latdvarde thp sveeriiosteim of thehdisdDFL
IS updat ed, the TDFL or the space bitmap may 50 be

siqeal byntrener desh taudeRethéDbicd] pibeuplisictd eﬁé@ﬁte replay
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.fromthe host device, as an exan‘pl e. The last (that

- ECC ¢modetidetadaasi’) tor Bﬁmlﬂpahe debotdimgpto acquhee thecteplawe datayas the
60a is witten in the TDVA of the disc 1, such as at
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update events of the TDFL/space bitmap may be
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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, ¢.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




On the other hand, if the TDVA of the disc | is
updated only at the tine of ejection or on receipt of
a command fromthe host device, it may be feared that
the chance of the update operations is snaller
During the tinme period fromthe recording of the user
data on the disc | until thg updating of the TDVMA on
the disc 1, the state of user data recording and the
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the gap is generated or extinct, responsive to the
consumedor di ng of the user data, as will be explai ned
subsequently. Meanwhile, in the illustrative structure
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the gap is the '

On the other hand, if the TDMA of the disc 1 is updated only at the time of
ejection 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 eﬁtinct, 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




chance of TDMA updating on the disc 1. First, the gap
is explained. The gap in the context of the present
_enbodi nent nmeans an unrecorded area generated in a
region up to an address on a recording nmedi um
specified by the LRA as the |ast recording position
informati on of the user daga, that is, in a region on
the radially inner side of the LRA in the user data
i.nge .t ' . he |
compief S er88e diire BovieR SR SR enkilf, K8° bxomple, may be
radially oufernost side in the user data area, the gap
connegte ﬁﬁélﬁﬁg ¥i¥ed region ahead of the recorded region
in the user data area. In general, the user data is
rSstlb radeednativedy p okl atls¢ abriveomefiaommaye notnlee conmectsiddo other
of the wite-once disc, the gap herein defined is
equipMen@Thythitoéasae fes 8p&ftin22uniHoneNe disply hinith@aQMd padvided, or
disc 1 of the present enbodi nent, random acceSsibility

the i 1o SEAG, BBl AY LB, 5 08 BB, 48R e hown in
i fashion fromthe.inner rim apd hence the chance,of .
Flg-”gjﬂeﬁhé’ﬂ‘a dhis 6‘1‘&593\%1‘%" Hheae 1%@“&&1? W?qiléctmneéseﬁ%med out
enbodi nent. Referring to Figs. 15A to 15E, a typical
- responsivat testhef uspafs gperatians,oor Hrdterminalnunit dox inputntput of various
expl ai ned. Figs.15A to 15E show the transition of the
data i’ ®¢Rledi Ng states of the user data area on the disc.
Fig. 15A shows the state of a blank disc where no user
data has been recorded. |In this case, the user data
area inits entirety is an unrecorded area. This is
not .t he gap in Ii?ht of the above definition. That
5. Genegatiqhapdh PEUBEHIRBOT B#Rr e i s no gap. Fig. 15B shows the

state in which the user data has been recorded froma
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.




| ocation which is partway on the disc in Fig.15A. This
recorded area is terned 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
i nner side of the recorded area #1 is the gap. That
is, the gap is generated. Nganwhile, the unrecorded
area on the radially outer side of the recorded area
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recorded area #4. As to the recorded area #3, the user
states dhtle ines daeearenenothdatisat a portion of the gap, which

has existed, fromthe | eading end thereof, and thus
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gap in light of the above definition. That is, in this state, there 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 arca #1 is the gap.
That is, the gap 1s generated.

Meanwhile, the unrecorded area on the radially outer side of the recorded
area #1 1s 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.




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 sidesgf the LRA, starting from
the state of Fig. 15D. This recorded area is the
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~recorded at radially outer side of the recorded area
Hig. XA shrwsi theuptiée du whichhtheadsgredataohas eenaeeorded at the
recording sector of the recorded area #5. 54 The gap

- leadinkSerdenfihat @@ Qlat£ ¥tdal Glom Hes PARS bf Fig 950w fopari déqgded area
of the user data, as described above as an exanple. In

#3. ThOSiRf ecFaEQ E)irs elggeﬂgg(ﬁéﬂe M:a :@?npt%t@ﬁ]&a b’ ?écorljagg hnaerea #1 and the

generate one éextl I'S manner,

nagenent i nformati stgred in the cache nenory
recol‘dggé‘,rg% %Zttoif%mtwcpﬁegﬁi?ﬁ?%&n of the TDMA (viz. the
TDFL/ space bitmap), is witten on the disc 1. 6. TDVA
ubsita thegresotdadoaran itiy thessardita bas begapeapeded at & portaen of the
extinction The processing for updating the TDVA of the

gap, wisk hhs iegided cfromf therle£kink aindefere ATRAY thubetheO db&NHSt cause a
: of the TDMA, there are thé space bitmap and the TDFL,

new s GEpRglove, L1 cove etz 19 recorded, Lhe

" neg;gtaigngf i etlgs g}?ies}te%x %Q? q)ge%n%gggg ivsrfli dtHg user data, by the
recorded arca #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.




rewiting, 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 TDVA is updated as necessary. In the foll ow ng
expl anation, the case of ugdating, on the disc 1, the
space bitrrap (including the TDDS having the LRA),
0 [
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simultaneously with the 55 wupdating of the space
been pengrad on bdveniolektncihdn this snamenothe efi@rapethend information
individually. In the present enbodi nent of the disc
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been made, is set to "1', by way of updating. If the
LRA has been changed, the value of the LRAin the
TDDS of the |ast sector of the space bitmap is
6. TDMWatpddtinghus, the contents of the space bitnap,
stored in the cache nmenory 60a, are matched to the
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recorde?l In the resent enmbodi nent, there are
0B the CoBtRNtE A hHice EDMA, dacse dire ¢he space bitmap and the TDFL,

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 ih 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 I, 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




| at est 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 which a gap has
becone extinct by user data recording; a case in
which the disc 1 is ejected; and a case in which an
update command has been issgyed froma host. Here, the
processi ng of updating the TDVA of the disc 1 in case

updacfhgTERpct ha, B RS R tEr BT R RorrfY 1 Bffyiguaty.

of the user data recording, is explained, Meanwhil %
Iaathe preserisambedimsit afitherdisc duiyeadavice, the coptents of the space

processing 56 perforned by the systemcontroller 60.
bitmapj ecotded hodse thehepneresyi 60a,adret iressardyoipddted ussgponsive to
data recording.. It is now assuned that a user data

the re&\(‘iﬂcﬁﬁ%r(ﬁ'%@? af20bn Fh& & c‘?‘iT‘lla@qéi,rﬁl%sclblsﬂégsin #hidlY 8¢ording has
from 0, to the

host device, such as AV system 1

systemcontrol,ler 60. In this c t processi ng of

been 0TS0t o Paavai Of WPPHEnEyBrom LR AT PAF Pephcrafized. the
First, in a step F101, processing for data recording

value p§ thea-Ridein BmTIBEb%@ﬁﬂwvl@s& sector ofehaspace bsmap 1sapdated.
This recording processing is carried out on the
CThusy, ehe basiesits éf tHeosgitetbimmaet stbteldirsgguenhe mémohe 60a, are
data recordi ng processing of the step F101 is not

eS8 ALY G g e o (ol o o
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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




system control |l er checks whether the address (cluster)
specified for data witing fromthe host has been
recorded or has not been recorded. If the address
(cluster) has not been recorded, the processing of
recording the wuser data, supplied fromthe host, in
the specified address, is garried out. |If conversely
the specified address has been recorded, the present

Perfor%%l?)fﬁ{ggsterﬁ%oﬁ”lfﬂghEFBo? n the specified address.

rewt g1s carried out by exploiting the
exch e processing.function. That is to say, if is
fﬁlgsl%n sgw%@,pregwglg fle éﬁne&g(ﬂh? Heercigta regadng: or
not the exchange processing is possible. If the

dk chaogeasspnedethat aguses dats siritearequést for esesrtainseidress N has
data is recorded in the I1SA or in the CSA 57

arrive SRR i Rt H¥vickN&idheaoAY Sgkté$ LAY, b ek Syt cdt@®ller 60.
cluster in the 1SAor OSA”in plade of Tecording in

he .address N. and ma e t is.performed so . th
LR Proctng AR TBGS cafriBE PHEPTRY 3l BpudiBfler 60.
) or CSA. In this case, the TDFL is also updated at the
First, in gestep Higdatraeessie Egadatapiecreing s tqaaripd qut Jesppnsive to a
F102. If data has been witten in the step F101 in the
- requesadicbreashdsf. the space bitmap is wupdated in a step F102
: in the cache nenory 60a, in order that the cluster N

“l*gﬁé g?cdiiéfn% Hagefshs i#d&i‘éﬁrbdt%ﬂ thgiFtebRgs. such. | f

t he uster” Ni1s onthe outernost rimof the user

a, the L i,n.the TDDS.af the |ast..sector of th
Sifonen ThelelSd sEEoendari e B eRRHiBE Fefheding 0F the step
is verified whether or not the gap explained with .
F101 isenedr shaven,t themsygters qentrables Olherequiese theofollpingeprgessing as

extinct as a result of the wite processing in the
the pradesyiagshabe EPIF101.

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.




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 space bitmap within the cache

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

directly previous step F102, is acquired. In a step

F202, it is checked whet hegythe bit corresponding to

the address N1 is 1" or 0. That is to say, it is

_ 0 | t LQU
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_ al.r eady corded. If the address N1 is

of recgﬁ%@madaw <A} AP RSN RS D arngd serthatths sddress N
an area on the radially inner side of the current data

will beveixchapged to arcluStensn thbdSgy et €98 A81In ¢histcask] dre TDFL is also
proceeds to a step F204 to verify that the gap has

updatREAThERRE BF BN ogtﬁé@pac%%ﬁﬁ lﬂﬁt@n&tls@ FYept. |If
conversely th ess N1 1n the step F20

the re Q
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tmap. In a step F205, it is checked whether or not
uPdatﬁtdw’él %lSEGPCBW%éle#‘dP%}lQ plemp@y GlpiBydesthatithe clustesy N where
"0" to verify whether or not the currently recorded
data had bsdrewritientis ifidichi@ad asgsuche cl uster of the address N

is arecorded cluster. If the address N+ | is already
‘IF‘El‘i’é chterd N ‘i@lﬁ bﬂleVSﬁtefr gt Haloft 1!1’1% %éi‘s&ﬁﬁs th&19eq in the
In rear of e curren record ust er” has

been r rded that i.S e currently
— §P§%S& Eehor SRERE Shike bRbn S ploerp iRt 1\ tmy
: further be verified that_the gap has now been padded )
efh dn duPtepnk 102cirigi YRyl 1%%1@ ¢n ofipt the gapr explatned with
in the step F206 that the gap has becone extinct by
referendectodiiigr Ehhas 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 pretfious step F102, is acquired. In a step F202, it is checked whether the bit
corresponding to the address N1 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 atldress 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




recording. If, in the step F205, the address N+1 is
unrecorded, it nmay 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 ggocessing is branched at a
step F104 in Fig.16, depending on the results If no

contro%]% gg&%%lﬁg't% 8& F?_q% é@ Q/%tl ef lgaﬁst%c? %ﬁgtrhra?ﬁig gleg ated with the

unrecor ded dat a, that is, any data requested to be 59
Cuﬂenﬁ&é&ﬂé‘ée?\‘%the host. If there is any such data, the

address is added by the nunber of the sectors, which

iIf Gverselyi the addeessaddrbsm Mhe Thizp F202t e meeatded, the bit

cluster is the wite address. The system controller

correstSHc{ﬁ'thtot thel A8drek$ INFIL qd a‘i:gui'ré& 9h Cth@ ekt s@el%) 20BIHY 8RS space

gap has newy been dgenerated or econe
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RA in the cache nenory 60a at the ti me point, that
addresuSé\T e kpc®’ be vRBAY vwakeron rotithe cgf@pﬂypr@gqrdeérclw@r next
TDVA on the disc. The processing in this step F105 is

followsihp e ¢lostdebfithe adddesgN k& reéborddd clusted. st ep F301, the
TODS infornmation of Fig.12, held in the cache nenory

SR SR 21 AR DTGB 4 e
ahead ancCI n rearn%rt}/le 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 F2035, 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




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

is additionally recorded in the TDVA 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 beconme depleted. Thus, if a data wite request for
one cluster is nmade fromesg. the host, and the gap
has been generated or becone extinct directly after

oond BB A 5556 B L, T e

for two nore clusters is made frome. g

of theggetoghdWhird ap2.HasZibe arneye gdeass N oTh@te@oﬁl@ @&xﬁ ﬂaster is the
directly after recording the user data of the first

write addresd.uster, the TDVA of the disc 1 is updated at a
time point directly after the witing of the first

CTHéSEthemTE@nt'E@l?éi’ &veets b tH %Ee;fjﬁ'tl@l b %B&gﬁ&%rﬁ‘ﬁ thRNftdress
e our se,

the followng clusters is t en-continu
if the gap has been generated or has becone extinct
by the recording of the second and the foll ow ng
clusters, the TDVA of the disc | is updated. 6-2
dhg gap has newdythaen gmemied osjhasthesenmnextimian the step F104,
updating on the disc 1 (additional recording to the

the sysfeat eohirbliepprodesdsats the stehi BIODW vaitetthe sphoe bitindpfd.RA in
dISC ej ection. Fig.19 shows the processing by the

the copSERATNTOL 86 R, 398 L 0S5 BmbSpdhg e s
F102, PpdRETIPREE BnifR aficer 60 checke, in a SI“eL“EB‘iSt

\A{‘]heiat Sr%i:egsring ?Itl tﬁig %tesinplgf& ?sl sthrz)%\?n ?1? Eetail 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,




been updated in the cache nmenory 60a. Lacking the
updating of the space bitmp, the systemcontroller
proceeds to a step F403 to manage control to eject
the disc 1. In this case, the disc 1 |loaded is

ej ected without data recording thereon even once. In
case the space bitmap has pgen updated in the cache
nmenory 60a, the space bitmap, inclusive of the LRA

is additionally recorded in a step F402 in.the T
and thgFeflh Bt bBOR pelelFEF L SRt ol ity DuscSeomithgithe user
the processing of Fig. 18. After the updating of the .
data of e, firse aneorlusternthta ddiMiAn of theeisr40s vpdateghet @itype point
161 is to be ejected. 6-3 Updating responsive to

directboxf@ntile fwiting of thelfiest whakagd. Theakecohing DMsendithefdhs second
1 (additional recording of the space itmap) is also

is d . :
and (R AETRg | ERERES I CHER ol BIRL OF Ol LREE op, has been
eener g RS R, by T DoCHaTR e oL s G bA8 t Fdtowing
for updating the TDMA fromthe host, the system

clusterso the §DMA ebtherdisc $tieppds®@d. checks to see whet her or
not the space bitmp has been updated in the cache

6-2 Upddthig/atoBe titheokidixe djbeistpdat i ng of the space bitmap,
the processing is termnated w thout updating the

R TOMIF D AU, LRSS il B s tmap
is alsqaca%gg%% a{ le ti %%tfj the d?sacsejggt?cr)]n. ' ssued from the host.

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, in a 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




If conversely the space bitmap has been updated in the
cache nenory 60a, the space bitmap, inclusive of the
‘LRA, is additionally recorded in a step F502 in the
TDVA of the disc 1. This is tantanount to the
processing of Fig. 18 described above. 7. Processing
of verifying the matching ka the present enbodi nent,
descri bed above, the TDVA on the. disc 1 is updated

: by . generation or extinction, disc ejection or by a
' 15t0b85’ﬁ%3§gt fromthe 62 host. In particular, since the

TDVA i s updated by the gap generation or extinction,
6-3 Updatingerespensivatie copmmandgionytiosthe updati ng operati ons
may be realized. Moreover, since the TDVA on the disc

IThes updataie of tles TDWIA ent thet diec Ja@addiemed atcomling of the space
extinction, it is possible to verify the matching

: i the state
L Nl R Rt L
t chi of the gap .and the LRA on e. I up or
dhe ] rn e ProtaSeing bontie syt conpdiiel A ¢ pemmand
mat chi ng has not been achi eved due to previous power
has begounadé tor updatipigehe (IEDMA drom thehpstci ent to update the
space bitmap/ LRA to a correct state by the cache

Tar@sy th@ohtha®hhobatn Qﬁad@fdﬁ\gadmmgadhesrBMA frencthe host,
if the power supply of the disc drive device is

the syéf‘errﬁféo%grotl{%ﬁgﬁ) iil?ca?tﬁgo%?é*:%lf%%g h& s%%oﬁrﬁétéiegg%réﬁot the space

erifying ma i's carrie
bitmag s Reen GRAYARRIAT RETFHRERE ATy s Th Che on-state,

but al so on | oading the disc 1.

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 memory 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




If, as the disc 1 remains | oaded, the power supply is

‘turned off and subsequently turned on, the disc |I has

al ready been | oaded at such tine point, so that the

processing of Fig.21 is perforned. If the disc has not

been | oaded when the power supply is on, the

processing of Fig.21 is nagyrally not perforned. The

power supply being turned off with the disc 1

remai ning | oaded 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, .

dJomarycylar.sinegticohDMA) is wipdateshiay 83 gam geperatipstas gxtinction,

operation or an error on the part of an operator such

a modarate nathber i nimeseaf theaipdatingf operafiows foagrbeareatickét .
First, in a step F601, the | atest space bitmap or
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out an aken 1nto the cache nenory a. The'lates

RA is pr.esent in the . of t.he |l ast sector of the
gener#moB Fp({lﬂgtl%alé ds @qswl‘gg%q ﬁfegtfg t%é?) TREGRING Betivgeen Hw TDMA
checked whet her or not the LRA, read out fromthe disc
contenfs oantherdikerd and dhe tate o Hecoushieg pidbe uses data byecerifying the

actuality as the LRA of the wuser data area of the
matchiligsof the ghp sndothedeRA g eqf. posverfup modisbéoadihghi ng is
~ shown in detail in Fig.22. First, in a step F701, it
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shown in Fig.16, the space bitmap or the LRA has been
LRA tgpoeareert seap gwgh@ €ache mﬂgngg@ma for restoration to the normal state.

host.

Hence, if the power supply of 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




generation or extinction, and the address LRA+1 is
unrecorded in this step F701, it nmay be verified that
the LRA as read out is correct. The reason is that,
for exanple, 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

. r rdin of the first cluster of the recorded area
in the SRR "oBparfn b Rmr i ofiHE R fhebihiERe S5 A Havertent
: the processing of verifying 64 the matching is
extracipp&dta Blugdiomrmseaket. f | however, the address of the
LRA+ 1 has been determned in the step F701 to be

dirgady o soep D1, tthe latest espate iAnapt e TFL s réxairded in the
correct. That is, the user data has been recorded
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user I'n such case, rea
cache nemqr by. th teps F7Q2 F704 is ;

LRA i Shafentap Bie ThMtan o st S6r of ey LB Bocsbace hitmap.
LRA+3 and so forth are actually reproduced on the ]
dngcstep &%021 15 sbeckralrwhethsr oe aot theah R read oubfroar the disc 1
If the address LRA+n is an unrecorded area, the

and takdAriags til cechd ymdinemi 608, isheatthed ihattuhlty at e LRA of the
address LRA+(n-1), is the inherent LRA. Thus, in the

value of the LRA in the TDDS, taken
userdléﬁﬁfégeifégﬁéeaacﬁg 1r'rermry 60a, is updated to LRA+(n-1),

RA val ue. en, even tho
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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
lgeneration 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(¢), 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




LRA+(n-1), such state is not reflected in the space
bi t map. Hence, .in a step F704, the space bitmap, read
out fromthe disc 1 and taken into the cache nenory
60a, is updated so that these addresses are
pre-recorded. This conpletes the processing of
confirmng the LRA nmatchinggy Meanwhile, the update
processi ng of steps F703 and F704 is, after all, the

ti.ng;: W thin th ache nenory 60a, but .does not

them#g@%‘lgelgﬁlr@#mﬂw%?ﬁ disc 1 at this tinme point. In
tgghsteps F702 and F703,_ the consecutive addresses on
theh@ivever, Himaddress of (hralkRA 1l hasbeen gletepmined pribesstep F701
and so forth, are reproduced to search an unrecorded

to be aready acubrded aftdrseste afi LRet nyatphidgi usottcortdee. That is, the user
unrecorded area is retained to be a correct LRA The
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. carried out during recording of the user data, there
data. i s produced no unrecorded area (gap) between the LRA
“in TDVA and the actual LRA, that is that, if the LRA

witten in TDVA on the disc 1 is not matched to the
datsugh qaser thedeB A eadrinig theseaahe, memory fllauky therateps F702 to
necessarily becones the trailing end of the

F704 srrepaieedorathteli’kh consecutive fromthe address
specified by the LRA witten in TDVA. If the

esSi i fyhMa rt tchi L &fi’l}i‘“ i
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' Fig.21, .the.space bit  kaken into.the cache nory

reprodysHa i o i BEat i R RATE, 40 cpasodt WRCORdel e If the
verify whether or not a gap is retained to exist in )

addressHeR Agracis 431 umiggordedarga, ﬁ%@ adsiressydireqtly prevépus thsgeton that is,

' the space bitmap whether or not there exist one or

the addngse ICRAs{(er$),ds theisha@bnCLRHA €TBustinahe atep FT08¢ dtededlue of

' areas in addresses on

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 prerecorded.

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




the radially inner side of the LRA. If no gap is
retained to exist on the space bitmp, the processing
of Fig.21 is termnated. |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 confirmng wlether or not the area
retained to be a gap on the space bitmap is actually a

LRAE RN oY THAFREERAL F O shichffe e grgﬁrffctﬁﬁﬁ o, $aych an

retained to be the gap in the space bitmap in the
unreceigled g isd aspddiess drgsBE Preyigus te theg upgmerdediarea is retained
' | eadi ng address of the gap is accessed and data is

to be aeatreot LRA hEhefreavont 8 thet,iihycasbahd @rocssingt of ez 16 is carried
address in question is actually unrecorded. If the
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nrecor dress unrecor

betwe%ﬁt ?ﬁﬁnﬁ@?&é %%?vﬂfﬁﬁﬁeﬁh%ﬂsiﬂ baf i EREY gyicten in

F805. In the step F805, it is verified whether or not
TDM Ahen éhe slis il| is net masehashie the jastual gager i data ecendsng state, the
retained to be the gap on the space bitmap. If such

actualumeAI freeessgeidy | Becathed | theefttailihfeead dofster grairbestded area
be the next gap on the space b|trrap is detected in a

Conse&hg‘% fgﬁgtglgess an?pr epr od ERI@B@%@% ?ﬁé\k%grr:t \igy

jﬁ mqkjﬁ‘\:/cg:ggqt.lggv é’re ymg & tc]elrlrlat((): rPgOE)f Lﬁ% REwh T rﬁ%% Bas been
carried out as the step F602 of Fig.21, the space bitmap, taken into the 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.




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 thecgap on the space bitmap is
sequentially reproduced begi nning fromthe Ieading

fﬁ?%tiﬁf oG ERIEHRR o b RLER R RO gl A gap in

tmap, retained to be a gap, the regi on downstream of
the sm%buﬁm@d@rth@@aeb%mq@o distgraspasap. | f the
addresses X to X+N on the space bitmap is retained to

He @asegpF80y thiekaddadaddgsoof thaagab ivaaeksal and datahie read out
addresses X up to X+( NY) are already recorded, the

therefﬁﬁgg%lvegff? Wﬁetf('lﬁ?of Ref gﬂ% accﬁfréft’s%o%?ési’j%u nti8 dcfGally ?lérgcorded. If

resses In a
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pre-recorded state on the space bitmap. Meanwhil e,
Jif e addresy Dvporesondsdaitad detergupeddiaithe gop io matched as on the

extinction, by the processing of Fig.16, it does not

space bétendp. Hﬂl@tsystmtbﬁtrpﬂeﬁﬂﬁesﬂ moceddsion &3p HYVS. totality
of the addresses in a certain region, such as the

hohe B %mﬁsdlﬁg deSirit whethe? c?f Hgét hetainas t 19 b Si\Rerified

gap on t'he space bltna are in pre-recor

at e such th a s bec me ext It a
eap inS RS R O Do 082 B H pudtyicd gap is
. has been found in t he step F803 as an unr ecorded area,
still lefiathe addreperetained 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.




region fromthe address X+(N-y+1l) up to the address
X+N has becone recorded and another gap has
subsequent|y been generated. Hence, it is sufficient
if, in the step F803, an unrecorded region is searched
in aregion fromthe address X up to the address X+N,
and the bit on the space bjggmap corresponding to the
recorded cluster |s corrected to "1 indicating t he

Jﬁ%ﬁh‘?rﬁgc%ﬁe?}?ge% ?%‘Fﬁéfng ﬁ%e%g Olf‘g gﬁ %tglapa getained to

descri bed above. i\/banv\,hi l e, the date proceSS| ng of
be a gap.the regionglnwnsirean of ﬂh%\unrecomﬁéfo agaas trpasinahgap-t he
cache nmenory 60a, but does not update the TDVA of the
df sthe | adidresdeis sXt foréX pNi oh. thEhspageobitampny oftairexdi fo/ibega gap
the matching of Fig.21, inclusive of the processing

| (unrecBldPEiSHN s ESIH NGO haARSLRA 8o LDF( 8RRY) b already

carrie descr above. i me p I nt

recordeflo 1 REFhany @ﬁ&@iﬁ%‘i@%@%@?ﬁ ; Car e PR S Ny + 1) up

nenory 60a, are matched to the recordi ng state of
to X+BMetual user data on the disc 1. As fromthis tine, the
space bitmap in the TDVA on the actual disc is

et édl aattep R8OH| thentecokdghpddrensssain e n retained to be the
extincti on disc ejection and a command from a host,

gap argﬁlgﬁéfiy PhLBYdRE e ré\—/f‘&ﬂi‘\%q Gatel §E qR %&%%%1% we[?f

e carried out hot on uri ng
%g&%hﬁ% %tggéf: &’%W% EBdXteg ri)yStg%g ege\lllmertatglotnhor gxtmctilon 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




also during the tine the disc is | oaded in position.
Considering that the TDVA 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 | oaded
state. However, it nmay be occurrence that the disc
is forced to be ejected during the tine the power

' SURRkY.i S ci dental Ly turned off,.such .that t di sc
 as desgBR0 Bbope Mranhif, e baddlE pricessinBhiie Tpn gt dfer all,
' a time point after the turning on of the 69 power
the upsapipgywithin theycacher @earaysag %ﬂt' deeemot tpdate; he TDMA of the
processing of Fig.21 is carried out when the disc is
disc lian thibeime pointpdat ed state. 8. Effect of the present
enbodi nrent and nodification In the present enbodi nent,

R BEMRRIGT (IMARESBCIABRLL Y Ria SPIRAiR of the

oper ation.of the user,. data. he o r hand, the
proceE S Fifdind Ml MRAchine oEithe Ty oo GBS 1 tns cqaliied out as
in the TDVA of the disc | at the timng of gap '
descripechabayg.on and extinction, disc ejection and a
conmand froma host. If the power supply is turned on

st atinkeepsint Wiendingprocessingnof Fep.L ddde besh ahtried bbg the space
processing of verifying the matching is carried out.

bitma LEEHH e [aRRY Gechiifed B 'tﬁ&“ %h&?&%ﬁ?c%%?%iﬂ% fo&tthed to the

tained. Fifst, since the spac

.ecorded.in the T on. the.disc | responsive to gap
recordyfe Salst PEptualrci ity AR R8st on the di sc. may
_ noder at el y be ) - o

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




updat ed during the recording process. That is, the
TDVA i s updated a noderate nunber of tines, in
addition to the TDVA updating at the tinme of disc

ej ection or wupdate command fromthe host. In this
manner, the area for the managenent information is
not wastefully consuned begguse of the excessive TDMS
updating, while the period of the non-matched state

_ n+h .t map/ LRA an h user . . :
~powen SAIRS 1 Mo L ABEREOl BRRE ORI, IaF s oBlactlle of Fiz 21 is
. insufficient TDMA 70 updating. Moreover, since the
carried ppypwhen (he discdisdn theacenmmodatngd sfals- gener ati on or
extinction, the matching between the contents of TDVA
on the disc 1 and the state of user data recording
may be confirnmed by detecting whether or not the gap
L di [ or the LRAis
8 B B e R OB A e actual LRA on
t.he . di sc, Lacki the matchi. it is sufficient., at .
JACH Hreseal; SmbPAImER. T5HRIPEY dhees o SPACE MILURRERA is
' the matching of the LRA or the space bitmap on the
updatedaihidie Gaehempemosy 6Pncrespendive te theyecqoading eparadon of the user
processing for coping with the non-matching or the
data. decision as to matching. Since the processing for
verifying the matching of Fig.21 is carried out with
h : : : o . ]
o (BUROYHey Hang. e pREt BRERLVER ACln SR TG EORtS writen
. . ere.i s.no pecessity for providing special.. .
i thep B ph 3%, Bischd "f BectEhg "ot Sim BeRprtiinal slrion, disc
. . during the recording, such as
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 following 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




power supply interruption during data witing. If the
processing for verifying the matching of Fig.21 is
also carried out when the disc is in the acconodat ed
state, it is possible to restore the matched state,
even in such case where a disc in the non-matched
state, inadvertently forcegy to be ejected, or a disc
forced to be ejected by another disc drive device
u daﬁégnother devi ce on which TDVA update is carried out
p "in the present enbodinent), is 71 |oaded in
position. |In addition, as nmay be apparent fromthe .
dfereavesnsigetthe BPdAns upddsediionethe, diseel by samgeneration or
necessity of saving the pre-update TDMA i nformation,
extinctiohthd matdiong betwedil theesments ofi TDMAI atetlad 480 Iohnd the state
repairing the non-matching die to accidents. In

of use%?n dth QU%fﬂj'diné %@ﬁﬁéi&%?ﬁtﬂeﬂgbffde%%%sﬁgﬁiﬁléi‘ H@@ﬂfgegap (as

or mati1 on, as space bi use of

ncico ok Shab SR oS RGBSR TS, b8 or e
enbodi nent, this problemmay be resol ved, because

actualildAcon hendiseecessity for using the non-volatile
menory. Of course, the cost of the device may be

IToawkied thy rdhehansiinds Wufficicheckt uichieeiie pointtifethepEDAIA is
bi t map/ LRA, such as non-volatile nenories. The
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i n bhe foregoing. The present invention is, however,
memophP0Ri nited to these embodi ments and may conprise

various nodifications without departing fromthe

supeesolt ishibeiflavdiatedrprocessing for coping with the non-matching or

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 (ngn-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 maiched
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




For exanple, one instead of both of the gap generation
and the gap extinction may be used. Although the
recordi ng medi um of the present invention is supposed
to be a wite-once single- or double layer disc, a
di sc having three or nore recording |ayers may also
be used. The present invengion also is not limted to
a disc type recording nediumand may al so be applied
9 . te-once nmediumother than the disc. 72
Ioadedﬂ%ﬁgpr I Applicability As may be understood fromthe
foregoi ng, the present invention provides a system
dac @%diltmlb a8 matobs PP JyPmy thRe Operatican/of the present
unwitten indicating information (space bitmap) in a
- embodimidne; drere ivenh weressitywo! chvingettrapegapdate TDMA information,
information including the witten/ unwitten
using WEHOAN I INERTRY, R coRBAGRRN JRRRaidi the BehRliching die
| ast position of the wuser recorded data may be
toaccg%@..ed at an optinumtinming on the disc. That is, the
managenent inforpmation (space bitmap or LRA) on the
dnqurteylanpidesansideratien ofhe deguiently pdasebinforgation, such as
process, in order that the managenment information may
the spaee bipghapedhenudehefdi spn-esheilsineniody ! e Whilr ligfieRions are
or extinction of the gap (non-recorded area) in an

impost@%g(ﬁl 3he q‘ﬂ.}ﬁﬁelt EF thiés O-E'hlaetwfit?n$.i fh Scﬁégﬁfé}bé’rﬁﬁ%@%bﬂﬂﬁent, this

area ftor the nmanagenent | nformati
wast ef yl | onsuped because. of the excessive .
probleibanay Ry reaglved: PRESENGE i5r 10 MECHIER HunE dhgpgn-volatile
- between the managenent information and the user data ]
memorpcof dtaiygset dicecos olbthersleviseumay berlowesed dy digpensing with
i nsufficient updating.
backup means for the space 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-layer 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.




Mor eover, since the TDVA is updated on the disc by gap
generation or extinction, the matching between the
managenent information and the state of user data
recording may be confirned by detecting whether or not
the gap in the nmanagenent information (as indicated
on the space bitmap) or thepLRA is coincident with
the actual gap or the actual LRA on the disc. Lacking
the matching, 73 it is sufficient at such tine point
i f the managenent information is updated for
achi eving. the matching of the LRA or the space bitnmp.
Industrigs ARRligability the facilitated processing for coping
with the non-matching or the decision as to matching.

Gks may pewvardessippd yiram, theHeredmoung, firropessntinmvention provides a
performed, whereby there is no necessity for providing
systen®Paet&siBIBS hOrRAASR, Y AGRFRIL ahe! WRIRINPCOSWEREn indicating

agai nst possi ble troubl es,” such”as power supply

. interruption. Myreaver, .there i s pno necessi.t ar

infornylif, (4fick i) B & Wit G5 meaRnloRi SRt 8] mynagement

. the non-volatile nenory. 74 CLAIMS 1. A recording .

informgipmoncledingdiei wyttepparwritiens indicatingcifenrpaiion Gnage i hitmap)
a wite-once recording area of which allow ng for

and therlastiregortihg position indomathgre (FERNA )i intloranmali the lastpdsition of the
user data are recorded, and in which the witten/

o 4040 ) S B 5 SR AL . e
mana abﬁ%}tgﬂﬁ%ﬁﬁ%@@? :(ﬁ%q%ﬁlélgmﬁ.ﬁte (igroﬂﬁt %Hdthtehgiscl;: arﬁatly 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 LLRA. 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 Whethér 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,




i ndicating the |last position of recording of the

recorded user data are recorded as said managenent

i nformati on, said apparatus conprising: a recording

and/ or reproducing unit for recordi ng and/ or
"reproducing data for said recording nedium a storage

unit for storage of the mapagenent information read

out fromsaid recording nedium and a controller for

L 'l t conten Q he n ni_ o nf or mat.i Qn :
it is SAPARHE B, 08 G EROPa g BRIy oIh 0T 1 Ubdared for
. execution of data recording by said recording and/or
achievipg thematelyngafithe 13A o5the spaeedit@apd recor di ng
and/or reproducing unit to record the managenent
I'Thoremllt Bnthesfaoil@dtadnpoekskiag doageping tvithothesadrthmatching or
recording nmedium responsive to generation of an
the détisipROASIad ﬂfg?%lﬁ]hg'ng?ﬂ aiﬁggoﬁfsr Ssglipgl)l Yt theNab e gﬁb&ssmg is

recordi ng ne tate l ast recordin

osjtign of said nmanagenent .infpormation. 2. The .
perforpiigd, 3Hegetan affisre o it GRS SR b iV Idi Rl gestoration
claim1, wherein said _controller is responsive to
processing rast ithe mpcessing padesir pessiblee roublesai Wchany epaper gupply
the 75 [location indicated by said |ast recording
interrypair.i on i nformation to cause said recording and/or
reproducing unit to record the nanagenent i nformtion

N [ r.a ani t ' [ i
PR 05 & SRS KRR BEopr e hbThemen
i a cordLnggﬁo cIairiééli,e wherein said controller
INIOrMALCI YREE (e MERE MY %onf i rmi ng whet her or not
said last recording position information in the
managenent information read out fromsaid recording




medi um and stored in said storage unit is matched to
the last position of the recorded user data on said
recordi ng medium said controller updating the | ast
recording position information in the managenent
information stored in said storage unit in case of
non-mat ching. 4. The recorging and/or reproducing
apparatus according to claim1, wherein said
control | er executes the ing of confirmng
whet her or not said unré@%ggggf area determ ned by
said. witten/ unwitten indicating information in th
L. A recordiuhand/or remspducingppasaius for 2 Fenardiaisanediwn dn ﬁgﬂrlteﬂnce
medi um and stored in said storage unit is matched to
recording dremofwhictesllewar for watidg decoonkathenmednaggmest information
control l er updating the witten/ unwitten indicating

and thd flﬁéf“ﬁa'te? Mhrd ek BRIAR rlﬁ‘ﬁleﬁ?%hlchn by Wﬂiﬂtéﬁ’ ﬁﬁﬁ[‘@t‘én' thdicating

Sal storage unit 1 n case of non-nmatching..

inforsfy B MG AR b REuERHEHEL BT A0S, fotach ggj,gﬁe 9%t teast an
‘ Ilowing. for witing data once the managenent
area fOxf BRGAREINGn saigh gseh&lats eindidbey lasle reeqrding Posifien jinformation
which the witten/ unwitten indicating information
indicatingi that lasgpedidvhesf wabedihgsofbenrasordddensérndatacire datearded as
unit in at least an 76 area for recording said user

said nfidageAedt iﬂf@rrhﬁﬁén SR ﬁﬁ?ﬁ%tl&oédﬁlgﬁ&ﬂ formation

i ndi'cating the [ast posftion of cording of the
rec d _us o data.,are re ded a sl foRnag nent
oo Re o R Rt bBE TS Fs S op RIRERIE R dpta for
out .t he managenment information from said recordi ng
said r¢poading MeAIUor age in a storage unit; a step of
updating the contents of the rmnagemsnt i nformati on
st stoeagd mnis dodstorage of the management information read 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 sald 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




storage unit, responsive to execution of the data
recording on said recording nedium and a managenent
i nformati on recording step of recordi ng the nmanagenent
information stored in said storage unit, on said
recordi ng nmedium responsive to generation of an
unrecorded area'in a range-yp to a |location on said
recordi ng nediun1indicateg by said | ast recording

.poOsi td.on j nf ormati on,of saikd managenent . informatian .
tocarG3Indiced "8} BB, Bt e SR AR hiochiRiny tanfure said

r.eproduci ng nethod according to claim5, wherein said )
recording AGe/ e Produsi Rg It Eesordithe eanagement dafwrwtios stered in

extinction of said wunrecorded area in said range up

said stovagdenitenadaidredordinganediday. sai d | ast recording
position information to cause sai d managenent

3. Thé ?é&frgleﬂg 2R/t Qgﬁ%ggg}r%a%]gpﬁn‘%g{sﬁﬁ?cogﬂﬁ ol tof @12l 1, wherein said

recor on sai he recordi ng

d/ or reprpduci ng net hod cordin oclaimb5 .
controf{fs RepUiER g PrefRstheaok velfiaRinE b Ar{io gr iitlishld last recording
..not said |ast recording position information in 77 ]
positigmjiforpatiganerihe mppagamerininfertadon reacheus aiam said recording

recordi ng nmedium and stored in said storage unit is

mediumatafiedtdred tinesdidsstopass tuindin infmitbBed apottdethsySgosidai aof the
on said recording nedium and a matching step of

recordéﬂdg‘gérngaﬁabtq §a§’c??re?&‘%ﬂﬁ | AdaRes! E%i‘&hcbﬂlfr@lg&nhgﬁﬂtihg the last
sai d managenent infornation stored in said storage

unit in.case said.verifying step has .verifi.ed . .
recording ~positign n]élformation in' fhe gmanaéJement information stored in said

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 1s 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 arca of which allowing for 'Writ.ing 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




8. The recordi ng and/ or reproducing nethod according
to claim5, further conprising: a step of confirmng
whet her or not said unrecorded area determ ned by said
witten/ unwitten indicating information in the
managenent information read out from said recording
medi umin said recording stgp and stored in said
storage unit is matched to said unrecorded area on

area &ﬁ“ ?&Ecgﬁ Y d\#ﬁ ?g%' uc%ﬁl andq %@tﬁgg @d in tﬁhﬁ} information

. .. managenent information stored in sald stora e unit in
indicagiggethedinst pesifipyiaigesoengf thediecorded wesn-dai.caienkgeorded as

said management information, said method comprising:

a step of reading out the management information from said recording
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




77
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 management 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.




