1 DESCRI PTI ON Recordi ng and/ or Reproduci ng Met hod and
Apparatus Technical Field This invention relates to a
recordi ng and/ or reproducing nethod and a recording
and/ or reproducing apparatus for a recording nmedi um
such as an optical disc, as a wite-once recording
medium This Application clains priority of Japanese
Patent Application No. 2003-168876, filed on June 13,
2003, the entirety of which is incorporated by
reference herein. BacKQESORIPANOMS a techni que for
recordi ng and/or reproducing digital data, there is a
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lum an optica
magnet o- opti cal disc, such as CD (Conpact Disc), M
(Mni-Disc) or bvD (D gital Versatile D sc). The
Qptical disc is a generic termof the recordi ng medi um
Techrgepbdield ng a disc of a thin netal sheet protected with
plastics. The disc is illumnated by |laser |ight and

dlbisgnalentom ealdtautoi A feebiding! afddPIRProMudie method and a
reflected laser light. The optical disc my be
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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 prott;cted 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. TRus, the dye fil mchange
recording systemmay conveniently be used for data
thereagvistgh ahe MiBlgnED-Rpt CERRVECHVDR], MVD-RW NDVD+RW or
phase change recording systemallows for data
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terned.the Blu-ray Disc, has been developed to
change, pscondng pestent of e lyec fbacrhangs werckdiensystenThilso termed a
hi gh-density disc records and/or reproduces data under

write-ancondéeidamg o stenhealloavse for dahtrevbrding on®y 8heaghhilefit does not
405 nm (so-called blue | aser) and an objective |ens
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vol une of 23,3 (B (gigabytes may be recorded and/ or
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. this high-density disc, a wite-once type or a
variouseapplicasion, inpades, fisenf alevetodéty vaeious @oatditodata, such as
' data on a recordabl e disc, such as a disc of the
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- Recently, a high-density optical disc, termed the Blu-ray Disc, has been
developed to increase the recording capacity significantly.

This high-density disc records and/or reproduces data under a condition of
the laser light with a wavelength of 405 nm (so-called blue laser) and an objective
lens with the NA equal to 0.85. A data block of 64 kB (kilo-bytes) is used as a
recording reproducing unit, with the track pitch of 0.32 um and a line density of
0.12pm/bit. If the format efficiency is 82%, a data volume of 23.3 GB (gigabytes)
Iﬁay 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 trapezoi da
cross-section, defined between nei ghboring grooves)

is used as a data track. It is al'so necessary to
record the address information to allow for data
recording at a preset location on the data track. This
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sometiimes desarded@iyswobbling durandedngpflecgrovweagenent
techni que allowi ng optinmmrecordi ng and/ or

r FRACHYEHd SideAIPEPY itficRY fAEK gy A £B69 Ghp Ao RRording, is

| which fakes the place of a defect unsui tab
I ng,: flaw 4 if such defect is
WObbge?feigleé@%g%l%PE g&ug‘}s @%ﬁacﬂﬁe& inf&hatfon.

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

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

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

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



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 recording nmedi um the techni que of
updating the managenent information responsive to the
if sucBWefect 3¢ BreliclivoRAERIR. Probl em That i s, as a usual

practice, the managenent information nust be properly

ated .responsi ye to the rdi ng.of user data,. .
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.the user data based_on the managenent i nfornmation .
mediggy yehich ngdlove reperding cudyi orces pssd rs GPHR,ngVdarR en a high
a disc or reading data fromthe disc. However, wth
densityhdisey sheh ende-oraotydiengptieal tovording meddimpyuffas from various
update the managenent information each tine user data
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recordi ng the managenent mation I's consuned

cessively. nsidering that.limtationg are,inpose .
o Baiclfanl i 10 RistB S eh Gt aimeae e, s R hhBRr updating
i nformation, certain preset conditions need to be
the manggeaeentonfemaationtespanpiyedp thpdagmrecgsding poses a problem.
i nformati on on the disc. For exanple, in the DVD-R
t Thamipageaastal pfaetice) tien marpgetehti infédneatiore aougdi g properly
apparatus responsive to data recording, is recorded on
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| the recording state of the user data based on the management information helps
improve the processing speed in writing data on a disc or reading data from the
disc.

However, with the write-once recording medium, it is not proper to update
the management information each time user data is recorded on the recording
medium, because the area for recording the management information is coﬁsumed
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 tinme period during which the
managenent i nformation recorded on the di sc does not
reflect the recording state of the user data on the
disc. If, due to supply interruption, power down by
t he
the W%E%XHEﬁﬁe%?W? S shash B vl updat ed on

t c, the ..nanagenent inforpation is unmatched ta
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user data, that is, non-reproducible user data, is
recorgddndbe diseois Ipmemea:n tang state seflectimg dwlatestgﬁcardmg state of the
variety of techniques have been proposed for holding
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state ‘?fgé’@dwls&ﬁd@];?%?g]é‘égbgpng, as described for exanple in
the foll ow ng] Pat ent Publication 1: [Patent

Alfbdne doisopply intepupten, pawenidosupby dhe user bpemtiopeor failure in
No. 2002-3122940 Meanwhile, in a recordable disc, the

writingashe afghigsesmeit inférrtiseon Gabhaof |b@51§rolpéﬁgf0|ﬁﬁdzﬁ§d on the disc, the
position information specifying the posi tion of
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data has been witten on the disc.

For preventing this from occurring, a variety 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 record data as from an
address further in rear of ¢RA+1, such a technique is
needed which consists in witing dummy data, such as
of the #&A%K&ediser Hata ffa frAten §OMd figcaddress LRATL to
a recording start address, or registering the donmain
s an unrecorded area. ,Mea ile, .the reason the data
T B8 ARCaGE Ruiear, R o dfEn bl graddly &7 {of ped™bBer data
write-once disc is that the conventional optical )
sequentiatlyrfgpnythgilsedingenseehtheqesesidaprearearfor recasding Tfusain newly
ROM type di sc and hence replay cannot be nade if

recordinged#ta] & @nsufficenondedcaretheodatahe SFoAC an Hiklsess (LRA+1) next
circunstances inpose limtations on the random access

follow: rédddﬂﬁeé%nlame write-once recording medium In
order to render a wite-once disc nore accessible at

dom th resen I nvent ors hay, roposed.in an
R estdd A0 BEEA card 55 P o9 gAE OLFher ih Tear of LRA#1,
JP04/.003212) such_a technique consisting in providing :
such a technigne 1epgedadavhialeeonsisigiin aviiing idunemyeddtasuchpasczero data,

bi tmap i nformation) indicating whether or not data

for a dbamibesfromithe eddrdssdoRdvel tah aecoriding ptathaddresyrddiregistering
area to another, as the nanagenent information, to

the doBAAPA€ IR UNBErded apfs£@ and a non-recorded area to be 7
verified by this witten/ unwitten indicating

i\/féacf{vgﬁitlé,otﬂé reason the data is padded sequentially from the inner rim of
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 moré accessible at random, the present
inventors have pro?osed in an international application (filing number:
JPOI4/003212) 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




This enabl es data to be recorded in a desired address
in awite-once disc, wthout being limted to
sequentially padding the data for recording. It is
then wunnecessary to record dunmy data to expedite the
wite processing and to reduce the processing |oad on
the device. However, even with the system exploiting
the space bitmap, proper updating of the managenent

i nformati on (space bitmap or LRA) on the disc poses a

verifieAmabigmvritEunivirittd N BB catin2ifi8RARGoH 0"  Proper
managenent information wite processing whereby not

l t the di sc i, not. wast ef ul | .
THY shafeTpRe ST 1Lt fo R dn SR BHAE AT my S g once disc,
. bet ween,.t he managenent information and the state of
withoyt :‘ef'dpai gisd thscquentially padding thedsts der ggeording. It is then
excessively. There is a also denmand for facilitated
unnecesgary tgrexford kbummiyca &t expgediteethel write ggecdstimg and to reduce
managenent information on the disc and the state of

the prdcessingilpgd eh thddeyrR data has becone non-matched due
to e.g. the power down of the device. In this respect,

[.S L qu hql ding the managenent .
- HARSer ot SRR SR mReattheal BRCE F A aropsgupdating
t he .conventional _.non-volatile nmenory. However, there
of the mangpenicnt HEREMAtPR (SpAcokiBAP M5 LReipPBfhe discreoses a problem.
non-vol atile nenory because the current non-volatile

That isyethery is @ flemsnflr fon proper amanasementt hformatibarweite processing
times of data update events and hence is not suitable

whereByhot 661/ tHeianhfemeanhles HPaRd 8ilcdatt WastEhuls O51uened but
of the I'nvention In view of the above-depicted status

also th@tith8peBiol ofSTRLMERE: l%theQﬁ BE 38 gement information and the

state of recording of the user data is not protracted excessively.

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

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

frequently updated data.




i nvention seek to provide a wite-once recording
medi um in which the managenent information including
the witten/ unwitten indication infornmation (space
bitmap) and the last recorded position informtion
(LRA) indicating the |ast recorded position of the
user data may be properly recorded on the disc, and in
whi ch, even in case of non-nmatching to the user data
recordi ng state, such non-mgtching can be coped with
readily. A first aspect of the present invention
. provides a_recording and/ or reproducing apparatus for
Disciosuse of the\lnve@@otm in a write-once recording area of
which allowng for witing data once the managenent
i nkrovieay iobrthambovealepised dtatas af ¢he acyeddshdiments ofithe present
which the witten/ unwitten indicating information
inventidh catk tgprddtibarwritabacdasobdian medivhne i Whigaele fahasement
unit in at least an area for recording said user data
inf b - I Q .
g o B iR RO BInafigh £ B bitmap)

and 38 a8 Fod 200 855ic0n SARGRIGEITIOA) iRERGIRE' Ak last recorded

appar at us ‘conpr1 si ng:
r.epr I n nit for recordi ng and/,or _.reproducin .
posifi§f gt ek i¥arony herioRetly e oied cn disslise: €14 87 which, even
. storage of the mapagenent information read out fraom
m Cﬂs‘ssmﬁ f}g%maaﬁ?higgﬁeaﬂﬁ Mselaa%taare@%dmga Stage, Sueh nampanetehing can be
the contents of the managenent information stored in

copeglawithreasdibtli ng unit, responsive to execution of data
recordi ng by said recording and/or reproducing unit,

andl firet aspeus bfithespriegeritdacettiniyprnd(ey a Fedrdiigtinddoriebtoducing
to record the managenent information, stored in said
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generati on of an unrecorded area In ara

for WAL 18R AReSRkdnsSE U R dnfifmation 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 area for recording said user
data and the last recording position information indicating the last position of
'recording of the recorded user data are recorded as said management information,
- said apparatus comprising: a recording and/or reproducing unit for recording and/or
reproducing data for said recording medium; a storage unit for storage 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 said recording



medi um i ndi cated by said | ast recordi ng position of
sai d managenent information. 9 |In exanple
enbodi ments, the controller is responsive to
extinction of the unrecorded area in the range up to
the location indicated by the last recording position
information to cause the recordi ng and/ or reproducing
unit to record the nanagenent information stored in
the storage unit on the recgrdlng medi um The
controller executes t he pro®éssing of confirmng
whet her_ or not the |ast recording position
mediynorigdicasad i byt heitadagierenordingorpasition dadatdit management
fromthe recording nmediumand stored in the storage
informmdtior.s natched to the last position of the recorded
user data on the recording nedium the controller
updating the last recording position information in
t he managenent information stored in the storage unit
in case of non-matching. The controller executes the
processi ng of confirm ng whether or not the
unrecorded area determned by the witten/ unwitten
indicating information in the managenent information
read out fromthe recording nmedi umand stored in the
storage unit is matched to the unrecorded area on the
recordi ng medium The controller updates the witten/
unwitten indicating information in the managenent
i'nformation stored in the storage unit in case of
non- mat chi ng. A second aspect of the present invention
provi des a recordi ng and/ or reproducing nmethod for a
recording mediumin a wite-once recordi ng area of
which allowing for witing data once the managenent
informati on and the user



data are recorded, and in which the witten/ unwitten
indicating information indicating whether data has
been witten in each data unit in at |east an area for
recording said user data and the | ast recording
position information indicating the |ast position of
recordi ng of the recorded user data, are recorded as
said 9a managenent information, said nethod
conprising: a step of readify out the managenent
information fromsaid recording nedium for storage in
a ot examgple gmbodimentse ghofc cirng relponsive emtextimiction of the
t he managenent information stored in said storage

unresorded armpimshe eange eperytheloedtidhendizhRd’ B9 ahei AGt 98cording
said recording nedium and a nmanagenent information

posifiea GhfirdghtRire o Chudee Ry ﬂa‘cgg(%lt %fand}%f‘ ??@%ﬁgginga}l%it to record the

informati on stored in sai age un
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pggﬁ? iC8H&Pﬂ$5 Pﬁ%‘ﬂt%%ﬁ%?f proge m&@fé@?@?ﬁﬂvng thﬁ%rt phot the last
gﬂgat ed.in said updating step. 10 In exanple
TeCORHBS ORI MIEMagQn dgetisnmanagement inlormationdiead attefom the
is responsive to extinction of the unrecorded area in
recordingrmedienuantostoted inothatstoragel it ¢ahencind tdhd RSt position of
recording position information to cause the nanagenent
the reabaiodelscndah e the Reddiginfl Melimiith dRyBfler WRRARY the last

on the recording medium The recording an

recof Rk POSRIOAGNTIA  HePERR e GRBAC LSRG Soked i he storage
e di osi.tion-information in the managenent
uni {$§%{eﬁ£®fﬁm%‘&lﬂlﬂ3ut fromthe recording nedi um and
stored in
he 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 second aspect of the present invention provides a recording and/or
reproducing method for a recording medium in a write-once recording area of
- which allowing for writing data once the management information and the user
data are recorded, and in which the written/ unwritten indicating information
indicating whether data has been written in each data unit in at least an arca for
recording said user data and the last recording position information indicating

the last position of recording of the recorded user data, are recorded as said




the storage unit is matched to the |ast position of

the recorded user data on the recording nedium and a

mat chi ng step of updating the |last recordi ng position

information in the managenent information stored in

the storage unit in case the verifying step has

verified non-matching. The recordi ng and/ or

reproduci ng nmethod i n exanpl e enbodi ments further

conprises a step of confirn%ng whet her or not the

unrecorded area determined By the witten/ unwitten

11 indicating information in the nmanagenent )
managgaetatiiormaton, said meethod heomptising: ray stepdoflreadinghout the

recording step and stored in the storage unit is
managembatl inforitationu fireen osadd dregoedingnmiciturnefoer stor@e in a storage

medium and a step of updating the witten/ unwitten .
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essiple at randomb | oying the. witten/ .
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mwite-on%e nediun%?in whi ch the managenent . i i
manjagaraehteRiiomnation storad ingsaidestarage: e, anvaid trepording medium,

indicating information (space bitmap) and the | ast
resporstee tiegeneration ef amboreverded atdaRA) g rangh optto mglochton on said
| ast recorded user data position, may be updated at a
recopfingemetiium nadiatdd &ydbsid- lagh aécdr@ingabbbitieaidfBAngaen of said
(unrecorded area) may possibly be generated in an area
" A Syid o a of an address
mat ounget?ﬁcl{(%ﬂta}t{r:;atIll?ﬁglfd‘a‘tlg\’ilkI %éanriél?pi&@g% ?%e “of random access
recordi ng, the nmanagenent information is updated on
the disc responsive to the gap




generation or extinction (recording in the area
retained to be the gap). Mreover, since the
managenent information is updated on the disc by the
gap generation or extinction, the state of matching
bet ween t he managenent 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 managenent inforqgtion is coincident with
the actual gap or LRA on th&Y di sc. Lacki ng the
mat chi ng,_ updating for matching the managenent
i A oP¥asiplenembodaments) ythe ubanagement infermationordcprdihg step is
space bitmap or the LRA needs to be updated. Brief
respanssay i@taxbmetibnt & thy amregsded girda iihl thet rangesupnoatealocation
structure of a disc according to the present
indicafededyi @i lasti @cdrdihUpbEiabaSinFoihMe: -tbA¥ShseIHRE management
structure according To the present invention. Flg.%?

. id t r. i - di .
inforhiatiéR s Heinne SR BE BHito P edidel e FREtER Wibhp

di din o the present j.nvention. Fig. .

1T REGRICE Mt G HEARECEE elhode sfavpls Sbodiments further
' according to the present invention. Fig.6 illustrates
COMRPTERES ActeR /f yeBEY ingeviethen pr aok theclagtrasonding nasitior information
) present. invention. Fig.7 illustrates the defect |ist
in theramggement imfosmationaread fout HeorbRtheardotding nigklinoind stored in

di sc according to the present invention.
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 in example embodiments further

comprises a step of confirming whether or not the unrecorded area determined by

the written/ unwritten




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 TDVA of a
di sc 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
di sc according to the present invention. Fig.12
illustrates the TDDS of a dilkc according to the
. ,.present inventjon. 13 Figs.13A and 13B illustrate the
indicatipg apEpraaioss inathgi rsanagareenti infomaatioreread eutefiom the recording
invention. Fig.14 is a block diagramof a disc driving
mediappanahesrezordingi stgptand brpd daetie siory@n tindnis matched to the
Figs.15A to 15E illustrate the generation and

unre€xidetCire@no®thé réasrdss Ghedien.t fndt ' ;
invention. Fig.16 is agfl ov\}cha’rt (lll*gtse?’: g??ﬁga%lﬁ% the written/

F G N LT e [ -1 he .
v O 3Rl Rl o1y T BAEEERE, PorhRublSepieg in the
he_pr.ocessi,ng i n.giving,a judgnent as taq. gap
storab R IREERE iR weriing sEBRs SrEER o ATingn. Fi g. 18
isq,a flo h(ﬂrt illuystrating the processing in
r difﬁ’éﬁi’ Bedbn e et prgsenkiaveniton paovidet hesysians, rendered
according to the present invention. Fig.19 is a
accessidewdt aiandom bytemplaying ke wiittes/'sungritienr exiieatinggirtfoemation
space bitmap and the LRA on the disc at the tine of
(spacej I@i@l&lﬁ?? 1AGe erritershdeOmiedum) @5 ihich theNinaflgemEADirdBrmation.,

is a flowhart illustrating the processing in

inclufl RO Whitteh P uR RARENINdIBRing information (space bitmap) and the last
recorded position information (LRA), indicating the last recorded user data
position, may be updated at a proper timing on the disc. That is, although the gap
(unrecorded area) may 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



and the LRA on the disc under commands from a host
according to the present invention. Fig.21 is a
flowhart illustrating the processing in verifying the
mat ching according to the present invention. Fig.22
is a flomhart illustrating the processing in
confirmng the LRA matching according to the present
invention. 14 Fig.23 is aiflowhart illustrating the
processing in confirmng the gap matching according

nly stffidibet, KA ' ' i t r '
T S Bt i A e O e PR oS R TR e bPduftdted.

invention, and a disc driving device, operating as a
recordi ng apparatus and as a reproduci ng apparatus for

s he optical  disc,, are hereinafter explained. The

_ Bﬂeféﬁ?ﬂr&:ﬂgm @#th%DmgSn the foll owi ng sequence: 1.

Di sc structure 2. DVA 3. TDVA system 3-1 TDVA 3-2 | SA
ahg. 1GHAstrates Bnsarea struetute vf @ediSc aGagrdggner die mesamndnvention.

extinction 6. TDVA updating 6-1 Updating responsive

g 22N11ESPRES b ORindMELIAer! Atdd Yructure according to the present
invention.

Fig.3 illustrates a doubledayer disc structure according to the present
invention.

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

Fig.5 illustrates th_e contents of the DDS of a disc according to the ﬁresent
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.



6-2 Updating at the tinme of disc ejection 6-3 Updating
responsive to conmand from host 7. Processing of
verifying the matching 8. Effect of the present

enbodi nent and nodification 15 1. Disc structure
First, an optical disc, enbodying the present
invention, is explained. This optical disc may be

i npl enented as a wite-onca3disc within the category
of a high density optical disc systen1 termed a

Bligs 134 #h&C3F Hﬁu&@hieommsmaﬁd RHSA o? fa e Q&Y&Jd‘ﬁ?é to the

paraneters of the high density optical disc system

g the present invention. As for the disc size,
preserfﬁpeg% |rﬁCaI disc of the present enbodinment is 120 mm

tfﬁé gl ameter. and 1.2 nmin thickness. That is, in

dd is adleek diagmm epaidiss duving appamtis gnceséimg to the present
enbodi ment is simlar to the disc of the CD (Conpact
inventitirsc) systemor the DVD (Digital Versatile Disc)

' system insofar as the outer shape of the disc is

FORE 85 488 1 A5 Il erdt8 ke nglgéJaEi]%Engier é‘}&lr?d?ﬂfr%f a gap_according to

reproduction, the so-ca aser use

apacity of 23 CGohytes to 25 Gbytes is
theprerléga |n3’§éa0§lth a disc 12 cmin dianeter, by enploying

%,hi %h N&l nunmerical aperture), for exarrpl e, a NA =
igd6 18 adlycharaillivstraing terprowessing in writing user data according

exanple, a track pitch = 0.32 m and a high |line
to the presenttpyeftonexanpl e, the shortest recordi ng mark

length = 0.12 pm A so-called doubl el ayer disc, having

0 176601 HoRE-Ha?y MiSstrdtf BREProcessing 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 confmmng the LRA

matchmg according to the present invention.



devel oped. Wth the double-layer disc, the user data
capacity is on the order of 50 Chytes. Fig.1l shows
the | ayout (area structure) of the entire disc. As for
the areas on the disc, a lead-in zone, a data zone and
a | ead-out zone 16 are arrayed in this order, | ooking
fromthe inner rimside. In terns of the area
structure pertinent to recqgdi ng and/ or reproduction,
a pre-recorded information area PIC of the innernost

i [ f adrni Qe i = :

FEP B L AoReu oo e ockRas T YoRlfding the eap

zone up,to b the |lead-out zone is the wite-once area
matchifje %qgog@yn&,@ tﬂsrpf?%f‘e’éﬂlaﬁ’ 1%hiy once. In the read-only

area and in a wite-once area, there is forned a

spirally extending recording track by a wobbling

groove (nmeandering groove). The groove 1is used as a
Best ModdforfQarryimcanindei Inveftaehng by a | aser spot, while

bei ng used as a recording track for data recording

: d WeTak: dcal di Sg: | ' o
30 oBlicAPHISE: LioRing Uic BhatnPMhyditod hnll L 8isk UrflIhé Uevice,
resent invention may be applied tq an optical djpsc,of .

operatfiggay 2pcOr Qg ARRGALYSHAS i HRTOAUGHE PRI ARSOEHC optical

. on the | and between nei ghboring  grooves, or to an

disc, agpherginaltirsexpainede Tha sdplprosion is auadelimiiesipdiosving sequence:
which data is recorded on both the groove and the

1. Dis¢ stpgctufdre groove as the recording track i s neandering
in keeping with the wobble signals. Thus, with the

2. DM®A sc driving device for the optical system the wobble
signal may be reproduced by detecting both edge

3. TDIGI%"S}trs'tgrrhS of the groove fromthe

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



reflected light of the |aser spot illum nated on the

groove and by extracting the conponents of variations

of the edge positions relative to the radial direction

of the disc that are caused on noving the | aser spot

along the recording track. In the wobble signals is

nmodul at ed the address information of the recording 17

track (physical address andsother additiona

information) for the recording position in question.
1. Dis¢eRG8uréN the disc driving device, address control for

data recording and/or reproduction, for exanple, my

managed. b enmodul at.i n .g. ‘the .address . . .
Hired R iic 0T robBay fad artihe SAVRES R cisuerplained. This
. zone, shown in Fig.1l, is an area which is on the )

optical discanay beqmeplemenird anarweitgosce idise within she eaiegerpof a high

24 mm The portion in the lead-in zone, with a radius
densitpbpticahdide sgseem,tterded 4 Blu-i#y disee pre-recorded area

PIC. In this pre-recorded area PIC, there may be

\ . | . 1 f | . u . .
CHTPRONAN 19! Ofpicd) OF WRE BRysict PHrBfolord JIOUR high density
. ea information or, the informat.ion used for copy
OPtlca%&’éFéé’?ﬁ?"Bh?“nﬁ’&d% Rrespal 1mye E“Pé‘cor ded fromthe
outset as the read-only information by wobbling the - )
drotrdhe disesizbothe optical dise of thmpresesbembodémentisdl 20 mm in
by, for exanple, enbossing pits. Although not shown, a
diame®€AndbListne it thicknessedhanay, ipethes® vésfrdisythé betical disc of the
further radially inner side than the pre-recorded area

proscaf AR Lk 81 B8 GHESS LTSRS o e
DVD @Z@Eﬁgws@ﬁ%flmsﬁg SB{%E&%P gnstoqgr ra%cﬁ{ed 'o%?erl s?l¥aepre %%fthe disc is

concerned.

As the laser for recording and/or reproduction, the so-called blue laser is

used. The user data capacity of 23 Gbytes to 25 Gbytes is realized, with a disc 12

cm in diameter, by employing a high NA (numerical aperture), for example, a NA =

0.85, and by realizing a narrow track pitch, for example, a track pitch = 0.32 pum,

~and a high line density, for example, the shortest recording mark length = 0.12 pm.

A. so-called double-Jayer ‘disc, having two recording layers, has been

developed. With the double-layer disc, the user data capacity is on the order of 50

Gbytes.

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

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



recording marks so that the marks are arrayed
concentrically, there are forned bar-code-ike
recordi ng data. The portion in the lead-in zone, with
a radius of from23.1 mmto 24 mm is a nmanagenent/
control information area. 18 |In the managenent/
control information area, a predeterm ned area format,
having e.g. a control data pgea, a DVA (defect
managenent area), TDMA (tenporary defect nanagenent

are arffyR@)inanfh &d%ﬁ%olﬁﬂ;%ﬁogg A {n%ﬂilnz@ ca buffer area,

i$ set. In the cont ta area € managenent/
nfrol ipfornmation area, the follow managenent / )
Bt oRHE BB Suft? pesiifient frpeorithe ARaRE Tepeoduction, a
recorded the disc tﬁ)e, di sc size, disc version, |ayer
pre-resprdegh infermatiemarga BIG of dhe dnnerBoat imh sideaof the, lead-in zone is a
transfer rate, data zone position information,

read-ordg areli,nghile ke voheodidiv thBUnhAsdrR&R! #eh Gfane/ 184d-in zone up to
reproduction |aser power information. The test wite

the lesl-6dt fz@@s the Wiitedbh¥e Hf&vﬁﬂ?&l X‘fg&?g ?01{ %gppﬁﬁ%tq?erﬂgr& ce.

control 1 nformation area, S use

t1,i ng data recordi and/ or reproducing conditiaqns, .
et Lo Golly i rndiin Reviksronet areboiarngsdamsd a ‘spirally
reproduction. That is, the test wite area is an area

extendipg rgapudling fgpckhby mewobliling gmdve(meandernggrogve). The groove
conditions. The DVA is provided within the managenent/

is usedoad noguidef for reddking dhegacing by e ldseelspodf whitle BEhbCded as a

di sc, the exchange managenent 1nformation for defect _
recording track for data recording and/or reproduction.

~ Although an opfical disc in which data is recorded on the groove is
presupposed, 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 illuminatéd 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



managenent is usually recorded. However, in the disc
of the present enbodi nent, not only the exchange
managenent information for defect managenent, but al so
the managenent/ control information for inplenmenting
data rewiting, is recorded in this wite-once disc.
In particular, in this case, the I SA and CSA
managenent 19 informationji7as |ater explained, is
recorded in the DVA. For enabling data rewiting, by

track (phlykied] add@Rs %91@ &thef BAIRITRANIBDrRLAGRS TbF the réc'@y?dmﬁ eposm{m

contents of the DVA nust be updated reSponsive to

in quegﬁbg o%%\%éfhgp gl}e ﬁé{chg QF&H}E/A%QS ! ? \éld f%rsfntg({r}ttﬂ fog data recordmg
additionally recorded in the TDVMA for updatin

and/or; feprofuctione fomsixamplee 03y dxe HanArrEath iy dleam ulatmg e.g. the
information, recorded in the TDMA, is recorded. In the

addresSDMrmiatiemefrom thest vesbblesigmdsd t he i nformation termed
a space bitmap and the information terned the LRA

WIéaﬂtlﬁri@ié QhoRGEE W‘Iﬁ%tlh s ahnér%%'?ﬁ%éggﬁf 491:11 the radlall inner

realizing random accessiBifity eve e disc

. C The DMA and the TDVA wil | be

side th&P&B%%g‘énP’HﬂéPrF‘ 1%09%2%3}% I An area from a radi us
of 24.0 mMmto a radius of 58.0 mm which is on
rid pertipndottbe legdtin gene with saadius ebfrem 22. ?aﬂxmttfa 23.1 mm is
zone. The data zone is an area where wuser data is

the prexceaoatied areacPiCled and/ or reproduced. A data zone start
address ADdts and a data zone end address ADdte are

'Iﬁghga?gf:ég-rnilﬁr?ﬁi%ﬁ eagé'% g’%?? gﬂﬁer%gltig ;IS’@ reddiel "Mk B8c hformation,
such as the power conditions for recording and/or reproduction, disc area
information or the information used for copy protection, for example, is
pre-recorded from the outset as the read-only information by wobbling the groove.
The above information may also be recorded by, for example, embossing pits.

Although not shown, a BCA (burst cutting area) may be provided on the
further radially inner side than the pre-recorded area PIC. The BCA is an area
whefe 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-like recording data.

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

management/ control information area.



An | SA (inner spare area) and an OSA (outer spare

area) are provided on the innernost side and on the
outernost side in the data zone, respectively. The | SA

and the OSA serve as an exchange area for rewiting
(overwiting) of data or defects, as wll be

expl ai ned subsequently. 20 The ISAis forned by a

preset nunber of clusters fil8®mthe start position of a

data zone (one cluster = 65536 bytes). The CSA is

fTar thiedmayiageplefFetonttBIbRIToRhaGOA S 8s, $ :%Séetéﬁﬂﬁ{e‘asaﬂeﬁeformat,

inner side fromthe end position of t data zone.

: size t ng t e stated in . the
having \Ge' Exgortiol el el 1OFLA (e SoBiirbehe e, TOMA

bet vvede the | SA and the, OSA represents a user data
(tempagagy defegtamgnagemgnbasapanda tash Writgaares €ORCi ang a buffer area,

] and/ or reproducing area usually enpl oyed for
1s set.recordi ng and/or reproduction of user data. The
position of the user data area, that is, the start

gl RS soMYRYE dand atdie P e ﬁgﬂﬁﬁgempﬁ @?@nﬁnﬁ%&ﬁa area, the

t he above DMA. An area from a Ius o

follow§¥ biheepacty oMol liitaldodh Reoh@d 1i Y Tead out -

§ﬂg@ jsd% managenent/_control information area where

S diCERataae afecarded mha dise typepudisersiae.edisc gersion, layer
exanple, are forned to a predeternmned fornmat. In the

structwronchehnelabit lemgdn, BEA iinforimeatiomt trahsféatrategrdaaa i orichposition
| ead-in zone, there is recorded a variety of the

inforniaioag Q%Mdgr&%oﬁﬁé GQleldihP R HRN reddBidMAniforPFHbdEEion laser

as i s the in the I'ead-in zone, as an area in

power‘ﬁﬁf(ﬁﬁlattf’ol{.ecord t he managenent information for the | SA

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 usu‘ally'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



and the OSA. Fig.2 shows an illustrative structure of
a managenent/ control information area in a
single-layer disc, that is, a disc having a single
recording layer. In the lead-in zone, areas of DVA2,
OPC (test wite area), TDVA and 21 DVA 1, are

provi ded, except an undefined area (reserved area). In
the | ead-out zone, areas ¢§6 DVA3 and DVA4, are

provi ded, except an undefined area (reserved area).

1nf0rm‘ﬁhbﬁ°ét’§fhté1h@x§:ﬂgﬁl\éﬁ ﬁel%%bk@&pll‘fﬂﬁtlb% Adata area is not

shown, such ea 1$ omtted fromthe draw ng, because

E@antféﬁ SRy taing b Bl bR KB Rngg processing,

DV TDVA is relevant to the present invention. Thus,
the coptguis pthe PMArpustibe vpdated respensive forthe afedairgwriting. The
| ead-out zone. In each of the DVAL to the DVA4, the

TDM 5 improziddth figethimpagegent information is recorded.
However, the TDVA is provided, and the exchange

BagR PR IIﬁBﬂ%@’ﬁém 1hﬁ)rMHtfdnal J;yacicﬁﬁBfl Hfdo?@ed in the

t he TDMA he exchange managenent or na

- TDMA'DER ShBtings E e LS b, i?é%ordff%ﬂb&xt& Segcenmagement

. defects or data rewite events. Thus, no DMVA is
mform@éea, ipsorded methe BPMA, s regorded, such that the
exchange operation is carried out in the TDVA.
MorthoevEDMA, thieee ds sfurtlserf ravakded dhe tip€ornadteat termed a space

exchange managenent infornation, recorded at such time
bitmapP@hAt the tARPmEMD tdifned the LRA. Such information becomes the
inforhlation 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 1s actually recorded and/or reproduced. A data zone start address ADdts
and a data zone end address ADdte are indicated by the data zone position
information of the aforementioned control data 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.



recorded in the DMA, such that the exchange managenent
by the DMA becones possible. Fig.3 shows a
doubl e-l ayer having two recording |ayers. The first
and second recording |layers are also terned a |ayer O
and a layer 1, respectively. 22 1In the layer 0, the
recordi ng and/ or reproduction proceeds fromthe inner
rimtowards the outer rimafg the disc, as in the case
of the single-layer disc. In the layer 1, the

r .
REPIEA S AL Dby, £RERY SBRrYRIERES ShATtC R ition of
addressels are 1'§ g '(L?ncrsjased in the same direction.

data ZeRg {ORgC “ﬂ%'g s b byfesdddress is i ncreased in the
|ayer O fromthe inner rimtowards the outer rim
whig ©SA i forimest b aquteset numbéngeeluster sizasttosvards ghe inner side
rimtowards the inner rim As in the single--1layer

- from tHeend pdietign efthOlatahporddVA2, OPC (test wite area),
TDVA and DMAI are fornmed in the | ead-in zone of the

I . I i i f: i S not
iz of e S HRE O8Rark el in S abAVEIMA S 10
. . The, DMA3 and 4 are forped.in the outer. zone O.
%ﬁeﬂ&@érwer idmdomaine sandrgiched, Eetémeeémﬂé? Isgheand the OSA
The DVMA3 and DMA4 are also fornmed in the outer zone
represgntsTheuserndatmstrea.i Whis decofdatheartayisr the usuaheecording and/or
| ead-out zone. In this |ead-out zone, there are fornmed

reproduR$ie GfdavigsudlI§asmployldFidr reédiding 88d/ovrép@dicEdh of UsM\data.
and . ThuS, in the |lead-in zone, outer zones 0 and

Aok B S8R Y . s e B PP SR e ena
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 zone; as an afea in which td 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-ayer disc, that is, a disc having a single recording layer.

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




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 sane
as that of the |lead-out zone of the single-layer disc.
The size of the outer zones 0 and 1 is the sane as
that of the | ead-out zone of the singleiayer disc. 23
2. DVA The structure of the DVA, recorded in the

| ead-in zone and in the | eag-out zone (and the outer
zones 0 and 1 in the case of the double-Ilayer disc),

oo R RE AP R U B LT e
O ONERTTIR N N I

course, the DVA size is not Iimted to 32 clusters. In
area). Fig. 4, the 32 clusters are given the cluster nunbers
1 to 32 and the data positions of the .respective

A @IS the abbee dbcabed Toatbl ik afdieid ﬁé?%ﬁbw\he such area is
sizes of the contents are specified as the nunb

omltteﬂhﬁor I'Tgﬁ g%g\vld tti]&gb%ﬁz (?% E& eﬁ? PéFﬁ?l‘g ttatlth gqrﬂ#og) data area

in th four | ust er domai ns beari ng_the cl uster
becomgh e sifueyra, peinans fo the AN Avfs relevant to the
DDS, explalned with reference to Fig.5, the DDS is of

pl‘esenaﬂs\rezlélomlf one cluster, and is repeatedly recorded four
times in the four cluster domain.

Thus, four DMAs are provided in the lead-in zone and in the lead-out zone.
In each of the DMA1 to the DMAAJ, the same exchange management information is
recorded.

However,. the TDMA 1is 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 thé exchange management by the DMA becomes

possible.

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

recording layers are also termed a layer 0 and a layer 1, respectively.



The four cluster domain with the cluster nunbers of 5
to 8 is the first recording area (DFL#1) of the
defect list DFL. As for the structure of the DFL

expl ained with reference to Fig.6, the defect |ist DFL
is data of 4 cluster size, in 24 which there is
l'isted up the individual exchange address information.
The four cluster domain wt¥d the cluster nunbers of 9
to 12 is the second recording area (DFL#2) of the

o t%%tlla#élsﬁ, @Ebee?a_mn$ %ﬁ@&@%&%&%ﬁ)%&c@@& Rignd tRO $hner rim

the folfowng ect Tists | #6 are

rqvi ded, each by .four clysters. .The fouyr .cl ust.er

towarfi g A 57 PRLTLISE: s o G EHsR OEPE stRlE ISt 1
seventh recording area (DFL#7) of the defect |ist DFL. .
Tatheilayers byibg reeersiing agdaragpreduatmypraceedrfvem dhe outer rim
the defect list are provided in the 32 cluster DVA

toward$thidinneasien of thiddisor i t e-once optical disc, capabl e of
witing only once, the processing terned finalizing

"Pfe pRYRRaF 88ddcsthOhle 4186 ihEEAL 19 thdSab@HiFR R That is, the

n such case, the seven tecording areas o
.DFEL#1 to .DEL#7 of th efect list, .witten in th :
physiGaa005eS ISHCTERSeci e ey G fisih she i sbReHASdsfhe; er rim,
.. DDS, recorded at the |eading end of the DVA of Fig. 4,
while it is inarpased in fieglager THeornhe loatert i towagds theinmer rim.
cluster (=65536 bytes), as nentioned previously. In

FAg.ih, thehgn@letayeodidcl h6 aréss bNdhe DPRTAIUOPQ ladst trdte area),
| eadi ng byte of the 65536-byte DDS is the byte 0. The

TDMABUIREDMA 1Pk &8 B8 i & Feddifh PP 0 1289%F 85 The outermost rim
- side of the layer O is not the lead-out and hence is simply termed an outer zone O.
The DMA3 and DM A4 are formed in the outer zone 0.

The outermost rim of the layer 1 is an outer zone 1. The DMA3 and DMA4'
afe 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 DMA2,
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-Jayer disc.
| The size of the outer zones O and 1 is the same as that of the lead-out zone of

the single-ayer disc.



of the respective data contents. In the two bytes of
the byte positions of O and 1, there is recorded a DDS
identifier = "DS for recognition that the cluster in
question is the DDS cluster. 25 1In the byte with the
byte position of 2, there is indicated the DDS type
nunber (format version). In the four bytes, with the
byte positions of 4 to 7, t8e nunber of times of DDS
update events is recorded. Meanwhile, in the present
enbodi nent, the exchange managenent information is
witten for the DVA itself, at the tinme of
) Inyﬂinalizing, but the DVA is not updated, and the
’ exchange managenent information is taken charge of in
HﬂﬁbTDWA. Hence, at the last finalizing, the nunber of
tlihfestrucinrg At the dAMA ciesprdedin the lemsin 7oms:and in the lead-out
tenporary DDS), carried out in TDVA, is recorded at
zone (e theebatenrbney Oengok i thensaselof thbelobls1beretis®f id hereinafter
byte positions from?24 to 27, there is recorded the
explaih&®di ng physi cal sector address (AD DFL) of the defect
list DFL in the DVA. In the four bytes of the byte

A rom32 to , | eadi ng position of the
ﬁéré' é&%ﬁ% %ﬂﬁgg}q%uqeh%ﬁ@lgté ne, that is, the "0" LSN
ogi cal sector. nunber )r&)gosi tion, is specified by the
sBRyel the LMA dreingnbe clustersh (31536 bytes) is taken as an

address). In the four bytes of the byte positions from

exampd6 Meas®hilehthet dustenad throshallen wiit of Btaysesrdiaga area
in the data zone is specified by the LSN (I ogi cal

CLOSEIBE T oo M %5 98 IS B Fisa, e 2
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



size of the ISAin the data zone. In the four bytes of
the byte positions from44 to 47, there is specified
the size of the CSAin the data zone. 26 In the 1
byte of the byte position 52, there is indicated an
exchange area usable flag, indicating whether or not
data rewiting is possible with the use of the |SA
and the OSA. The exchange awea usable flag indicates
that the 1 SA or the OSA has all been used. The

whichrtBe® Rilige®¥pahe @ﬁdelﬂﬁ &eaaﬁgégﬂ&%g% Iﬁfﬁ?ﬁlahﬁﬁe oS

undefi ned, and are al

3?‘*% Hie i &%&l‘c "ol Bfinbayl e in Jasirine second

f, Vi Z e DDS is the rranagerrent/ contr ol
rec_ordillp,g g’?"%ﬁ*’a@?%#zbgﬁﬁﬁs‘il@fﬁ@t figrDELea managenent of the |SA
and the OSA in the data zone. Fig.6 shows the

skheuctaordimy ardes dffthetthirdsandithe ol vRkedétect HstPDFLA3 to
is recorded in the four-cluster recording area, as

DFL#G%.PJ: ?Ifd‘sﬁae&\" dbH B S5 Ofsteds. gl‘l%aﬁour gdfglr}l%lﬂ SitRbR: cluster

positions of the Tespective con

R B0 BEFH) o Db T .

tars = 65536 bytes, with one sector being 2048
slS W%efh@f g asgaseof iMEL#At s DIl hwfbere défect list are
bytes as the size of each data content.
provided in-the 32 cluster DMA.

In the case of the write-once optical disc, capable of writing 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, recordéd at the leading end of the DMA of Fig.4,
are shown in Fig.5.

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

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.



The | eading 64 bytes of the defect list DFL is the
defect |ist managenent information. As this defect
i st managenent information, the information for
recognizing 27 that the cluster in question is the
cluster of the defect list, as well as the information
i ndi cating the version, nunber of tinmes of update
events of the defect list, . the nunber of entries
of the defect list, is recorded. The byte nunber 64

. thee ; : r [ . ] ti . €
o PP S IS IR0 G2, A FRahGe Tl 0TS ype
bDi rectly after the |l ast effective exchange address
hbm ?rn(f%rfﬁ%%/\’%ﬁm i #N, 8 bytes of the terninator
information, as the trailing end of the exchange

dadbedeur ibytes, nuith she tyrte pasiioontedf 4 o Fhilse BEMbeP@T times of
is padded fromthe term nal end of the exchange

DDS agdates evehtsf g8 nRcbrded! PMéartiigild,” & | he0 ppaidn®l ethB8diment, the
cluster. The 64-byte defect I|ist rranagegent

' ' S An-Fig.l 1ot byt fram ..
exchael dTPeeRal BRI i Prifien, B 8 PN MR, Sl BR time of
. recaor n identifier of the defect |ist DFL. The
finalizfsis Hyffifle IS BYt Bt 2l the Guabiege msagement information
) nunber of the defect |list DFL. The four bytes as from
is takeprghasge ©f joshei BAMA dEtesice, ahthenlasb ématibirtg, ke nuneber of times
defect list DFL is updated. Meanwhile, this is the

orte st o, DUISCIDBS S, iy TowA, i
_recordé\@l bt tiR€relevant byte positions.

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 l36' 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.



expl ai ned subsequently. The four bytes as fromthe
byte position 12 indicate the nunber of entries in
the defect list DFL, that is, the nunber of the
exchange address information ati. 28 The four bytes
as fromthe byte position 24 indicate the size of the
vacant areas of the exchange areas | SA and OSA in
terns of the nunber of clus¥ers. The renmaining byte
positions are reserved and are all set to OOh. Fig.8

dhothe lﬁ@t@tdﬂﬁieugztieggomﬁmeﬁhﬁ%@ i2deHRSSed 3o exchange area

information ati thelnforrmtlonlnlcaln

wsaed D RIS RS A AR S S DR B or e

[ se, of the ingle-layer disc is 32759 at the
ISA alﬁ‘iiﬁlﬁg}éﬁg chhf eé&@%@@&d@ﬁbﬁesﬁmmlﬁaﬁmhatame SA pndec OSA

up by 8 bytes (64 bits). These bits are indicated as
has alldmelblwdto bit b0. By the bit b63 to the bit b60, the
status information of the entries (status 1) is

rHeoredfsinind by kep&litions hee %&s’ﬁrb‘éd RGP {TRIHdRAinkd, and fre all set

0000, in catlng t he usual excKange proceSS|hg
U)OOhOther status information val ues are discussed in
connection with the explanation of the exchange

dress,i t|o ati of TDFL in TDMA. The bits b59
a@%é% ﬁhﬁ%g’ ﬁ & pdgreph g ithauserdetarargagthessizes of the
PSN of the exchange source cluster. That is, the
ISA a@dugh@rOSéxcmghd exchangef anta aisabledfllag, rewr,i tie DDS is the
event, is indicated by the physical sector address PSN
managefnetriwécd)m@lll iidosRatiof responsible for area management of the ISA and
- the OSA in the data zone.

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

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

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

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

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

information.

As this defect list management information, the information for recognizing



The bits b3l to b28 are reserved. The other status
information (status 2) in the entry may al so be
recorded. The bits b27 to bO indicate the |eading
physi cal sector address PSN of the 29 exchange source
cluster. That is, when the cluster is exchanged by a
defect or a rewite event, the cluster of the
exchange destination clust@? is indicated by the

| eadi ng physical sector address PSN of the | eading

that the etdster inlueesabaVie the shistiesf gxcdefoaeligdds &l as the information
information ati is one entry for speC| fying the

indicaﬁ{i% RBOGRrSONT ffinibey S&fet'im%g CBft ﬁﬁd:ﬁé GRAREE oFGRE 'dé‘i*éétolist or the

ster pertl nent to a ange process

ntry.is tered in defect Ilst DFL of t he
numbegy q?l?@?%?seg%w%gﬁt t lsﬁrecof(#‘fh t he exchange
managenent information is recorded b t he
dbete agprhasrt Harecords the aKeharl-gmmi;hcss informatibprati, each of
the disc is finalized that the above information is

§ bytes, esahdedugontentPithegdefteg distbed above, in which case
: the DWA reflects the |atest exchange managenent

gﬂ% {}ﬁéft&“tHenlaEPEffE% eXBRaf; gxﬂ‘{g&@r%%s Eﬁfl}%ﬁﬁﬁi {iﬂ'\l 8 bytes

nagerrent or a rew

'. f th i.nformation
of theiog i %0” m 10 exc&m 3ﬁa @E )95| the, exchange address
TDVA system 3-1 TDVA The TDWVA, provided in the
informgtigagaieareordsdat r ol i nformation area as shown

In this DFL, 0Ch is padded from the terminal end of the exchange address
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.

.Thc four bytes as from the byte position 4 denote the number of times the
‘defect list DFL 1s 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.



in Figs.2 and 3, is now explained. Simlarly to the
DVA, the TDMA (tenporary DMA) is an area in which to
record the exchange nanagenent information. 30
However, the TDMA is updated by additional recording
of the exchange nmanagenent information responsive to
the occurrence of the exchange processing responsive
~inturn to the data rewit28event or to the defect

detection. Fig.9 shows the structure of the TDMA. The

Jheefoat Byes AP oinStR. Byte2dditich B4 edicaldsthehsive oft the vacant
first cluster of the cluster nunber 1 records the

areas olsf%flg ggﬁ%@aﬁg{igﬁgﬁfﬁﬂféﬂ 'iﬂ'rlaeﬂ*rﬂssoﬁE e ﬁ\ﬂﬁB%l“@f 'j:]]?l@ters

eror nota given cluster has already

witten. Specifically, each one bit. is allocated
H G aathaipngaae RO ion e SesgNEd 00 rmalk S 48 908 ea ¢ o
i ndi cate whether or not a given cluster has already L
FeeB shuiws the strastue of thhexchhnge addréss ndoonataerati, which 1s
bit. The data zone may incidentally include the

the infbAAgtbA iﬂdiasaag ¢hé BRchAad-prdceipiterdspattive Me oatertdle
: managenent /control area.” I'n the space bitmap, all of

S j ( ..

o Pl BeL SEBE S Pl R Tl Rs! B BeRBHOn 3 D 4RE pRke of the
. re each. a ted to one bit. This space bitmap nmay
Slngle’i@%’&%@ %i’féﬁag}t HAXIRT: he case of a disc having

plural recording layers, such as a double-I|ayered
@ash exchangpaddrelss infopmasionadi st madeiuphbe §d1ytea(es bitss These
each recorded in each cluster. Alternatively, it is

bits aré Widitste@s it bbBeo BEIE®. bi t map of each recording | ayer

Is recorded in the TDVA. .

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 indijcate 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



If, in the TDVA, exchange processing is carried out
due to e.g. change in the data contents, TDFL
(tenporary defect list) is additionally recorded in
the 31 leading cluster of the unrecorded area in the
TDVA. Hence, the first TDFL is recorded as frome.g.
the position of the cluster nunber 2. On occurrence of
exchange processing events29% he TDFL is additionally
recorded in the consecutive cluster positions. The

exchafdg¥Ftowiceelusief.r om one cluster up to the maxi mum of
four clusters. Since the space bitmap specifies the

' S C a [ '
(i i Wk Bl FRRthrCis Bl cHm st o REAG ol ot (P Beblte ovent, dhe
wite event. In such . case, the new space bit LS .
clustey Gxydngs, (ReALion Risied 1o ndicateq ynthealiading, physical
the TDVMA, as in the case of the TDFL. That is, in the
sector RONresstieNgfdbe leridingpeatort he TDFL is post witten.
‘ Al t hough the structure of the space bitmap and the

THRe whbve-desdlilsal exeHangd RekkieeN ihformiafion TRPSs one entry for

(tenporary disc definition structure), as the detail ed

_ : : e : . o i o .
specit@ily e Sl SoRE; Wpaub {RFIPECPablaldd? debBhatid¥ cluster
._bitmap and the clusters .1 to 4 of the TDFL. Fig.10
PertingyiRe TWENEXCHRRLE BIQHESHN€nace bit map. The space
bitmap is such a bitmap in which the o
rRatcbretdy inregissertddngha deferft liso ML lofi she strocturdshofivadn Fig.6.

is represented by one bit, with the bit correspondi ng

g tHee DMX eeify dadhahats tifindeirient dfoamdtioht i tsored by the
corresponding to the cluster having data recorded

aboveldd8LA884 F?ﬁtzrt' Strubture 2 MRS RETS 3N Ethe 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.



In the case of one sector = 2048 bytes, the capacity
of one recording |layer of 25 GB may be forned by a
bitmap with a size of 25 sectors. That is, the space
32 bitmap may be formed by the size of one cluster
(=32 sectors). In Fig.10, the 32 sectors within each
cluster is represented by sectors 0 to 31. The byte
position is indicated by thg byte position in the
sector. In the Ieading sector O, there is recorded a

[ e j f gﬁ%ﬁ f feh
Howeﬁsf%;(:gﬁ%l 'fi)jr%al\%)ﬂ&k I'n Euﬁ;e t\/\oq&t gasd%@gﬁ {:ﬁ gosoltf t I‘?t(l)%sexchange
m Q. in the sector 0, IS corded as a
managgﬁg%rg 151& %%tuprbr?mpngweogblt% ogﬁlgg%n@ pﬁglbe exchange processing
Identifier). In the one byte of the byte position 2,
TeSpOTIShes fiofurattovhe datnrep¥rdtena vemtrios g the defetbdetegtionl e,
. "QO0h', is recorded. In the four bytes as fromthe byte

g slewstthe feudtapeof tePBM Aar e recorded.  These
nunbers i ndi cate whet her the space bitmap is for the

NSz o TNV oo basyﬁgstg bytes from the byte

pOSI I on ere 1sTrecor e bItITHp
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position of the b|tggp data (Start Byte P03|t|on of
Bihenspacezhitipapigl the informatioh indicatiegbvhethpr danat a given cluster
~(Variable Bit Length in Bitrmap data) are each of four

has alf¥ady, besnt Writtea. Spevifidally, Rath®reasieiy 8ocdtdd ttb @ashatbster of a
cluster position (Start O uster First PSN), the

data e L A 8RS U S SR s
been written, based on the 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 lead-in zone and the lead-out zone (outer zone)) are each allocated to one bit.
This space bitmap may be of one cluster size.

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

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

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



(physical sector address). The start position of the
bitmap data (Start Byte Position of Bitnmap data) 33
specifies the start position of the bitmap data itself
by the nunber of the bytes as the relative position
fromthe Un-all ocated Space Bitmap Identifier at the
| eading end of the space bitmap. In the exanpl e of
Fig. 10, the data fromthe3fjeading byte position of
the sector 1 becones the bitmap data, with the
. hd il t [ t [ ik pdi :
Leadin R IO B A R R TPNIAE PG Py i TDFL s
ariable Bit Length.in Bitpap.data) specifi t he
recordid s, FrOSK € e tF censinhe o WG FPLEHER M of OReSgiience of
Actual bitmap data (Bitmap data) are recorded as from
exchangeepisgessipgsivengh the oFDFLhis additinnaldy ceeordedsactherconsecutive
of the space bitmap of Fig.10. The length of the
clusterppdsiignglat a is one sector per GB. An area downstream
of the last bitmap data to a | ocation ahead of the

t O v, £ : he
TRRFDEE2: 1o AR Ghe Flisidroes B YRR 0T OF Sl elystonts
ace .bi tmap. . The structure of the TDFL (tenpoyar
SEIGC 11 63 o RHIAm SBECIRER dhF | WG staleicy, SAch RS he space
) is recorded in a vacant area in the TDVA next
bitmapr i npdated reRporsivedo thiet oequitrencd ofseqpds dater writerevant. In such
the | eading end of the vacant area each tine the TDVA
case, the nepdgpee. bitmngp id Yoshedastihemstheusiding ¢id dbhehelRidant area in

The TDFL is made up by clusters 1 to 4. The contents
the TDMIAL 38 i - c A8 oPfhe TDFL.

That is, in the TDMA, the space bitmap or the TDFL is post-written.

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
'clusrter 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



under st ood by conparison with the DFL of Fig.6. That
is, the contents of the TDFL is simlar to those
shown in Fig.6 in that the | eading 64. bytes represent
the defect 34 |ist managenent information, the
exchange address information ati of each 8 bytes is
recorded as fromthe byte position 64, and in that the
ei ght bytes next follow ng32the | ast exchange address
information ati#N represent the trailing end of the

| Bitmapjx?&??%%gﬁ‘féﬁﬁ%ﬁﬁlé 4170 0¥k WlustEPPEYEsectbfg. TDFL

ers fromthe DFL in that, in the TDFL of the
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i 17 $07 e 32 Sedtord SRS ABoh SN S ehiampiesty SERREF8 o 31,
- TDFL, 00Oh i s padded up to ahead of the |ast sector of
The bytteypositiostisindisaigsd by the bytegpotitientn 4h¢ FeRfOBNd of t he
exchange address information. The TDDS is recorded in

heht dsadineci&tor ) thageid hecdrtlad |4 varieny off thiehimformation for
exchange address information belongs to the |ast

' . r, O is padded up to ahead of the
managb LR R PR

sec cluster, and the TDDS is
ecorded .in th ast sector.. The 64: e.defect i “YI@T 2
o SRebvten bl bR asthons Prt 0 B o i3hESpetar ), «uB” is
managenent i nformation of DFL expl ained with reference
recorded aspgpace baweaelD) (Bin-adecatnd Spagddtitmap dienifien. t he
update events of the defect list of four bytes as

fii @he bhe Byt eftbeibytepokitiéhn@, sies fetmauvhsiomn{forimenumber) of,
tenporary defect list 1is recorded. By so doing, the

i.ak mher e defect |ist nanagenent
forexzﬁﬁ?l’.gf n%@?bn Ieﬁ:%%%%chl atest TDFL represents the nunber
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‘These lniu;}be?;:iLndciLatfeovglrlether 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 (V ﬁriable 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)



bytes fromthe byte position 12, that is, the nunber
of the exchange address information ati, and the size
of the vacant areas of the | SA and the OSA of the four
35 bytes as fromthe byte position 24, the val ues at
the TDFL update tinme points are recorded. The
structure of the exchange address information ati in
the TDFL is simlar to tha3 of the exchange address
information ati in the DFL shown in Fig.8, such that

spec1ﬂé§%@&€dt@ﬁ@§1tﬁﬁldcﬁe@1% Hithep @atd REelfbly the nAfth@ B te ¥Ytes as the
both the exchange source cluster and the exchange

et B8 B LAEAROC 0 G TGITEF gyt qing end

ry defect list TDFL of .the tructure of
of thepﬁga@l%map -sIth dhe eXamnlet ok FigdUudhe datat eme the deeding byte
address information ati of the TDFL may al so be

positio df the sectdr0ll Beconmresaitiei bitmapt datheinith tHEOPOSitiodihef the bitmap
status 1 being' 0101' or "1010" is such a case in

datab@ﬁigﬁ'i‘ldld’&%@@b RRYE fehber ofGHB (ﬁé@us plural clusters are

ectively“subjected to exchange proceSS|ng, t hese

i 5@2@@*‘3@% ?’létll“%ﬁ i Gy ﬁﬂi&ﬁ%‘g Tshd ﬁ‘%ﬁaﬁﬂﬁg dafg) specifies

the status 1 is 0101', the |eading phyS| cal sector
the lengthof$he bitman datawrhithe numhaofdhaditsr and t he

| eadi ng physical sector address of the exchange
desthiahbitimap ditasBitmap date arzcbemgiedadfressthe byte position 0 of
information ati represent the exchange source and the

the 86@35@2?{%??13?5%&?6 'Clgtrkl)fsglé @E%(%i?)gﬂrﬂgp GTerRS.10) the! length of the
bitmap data is one sector per GB.

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

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

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

Fig.11 shows the structure of fhe TDFL.

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

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



On the other hand, when the status 1 is "1010', the
| eadi ng physical sector address of the exchange
source cluster and the | eading physical sector address
of 36 the exchange destination cluster of the
exchange address information ati represent the
exchange source and the exchange destination of the
| ast one of plural physicaglly consecutive clusters.
Thus, when the plural physically consecutive clusters
list maHagetRidt §aEdrEton, SHOLREA S Qdﬁféﬁgmglaﬂ?%ﬁeeﬁi; bf%ach'8 bytes
I S“unnecessary to’'enter t exchange "address
. i nf or ion,ati for each of the plural clusters, but .
is recqrileq S o Wt byt st ofnand g il dhe-cight hiteasit following
information ati of the |eading and trailing clusters
the lagf ¢xehargemddrass Toformagiopagti#l rgprdsant dhe i mailing end of the
. structure to the DFL, but is featured by being
excha addiebs enfopmatiag. up to four clusters, by recording
DDS in the | ast sector and by the possibility of :

S S RO O DO SRR g
[ .Fi.g.9. Howev
L to 4, ipteiparasg APy FRBSIGF reAornesh in i (et Feijor of 2048 Patas.

in 2048 bytes as the |last sector of the TDFL and the
Meaawhile maptheaEDid s i0bbispaaidedeup Thahead of the dasvfsectoe of the
TDDS is shown in Fig.12. The TDDS is fornmed by one

clustersecivbiici BelhaRythetrailing krdess aRNELEHMe®l didrdss irformation. The
those of the DDS in the above DVA. Al tthough the DDS is

TDDS' 18 BEGdRY iﬁrlﬁﬁ Z‘Jﬂ%%é or. fn%?s%ﬁtggv& ﬁ% g et%hﬂgéfb@l?gx%hange address

_ contents o are derti up
. it [ i f Fi g.5.
inform3fian heOng £ o5 LRk Redtar o she emuSarb i paaded up %o Shead of the

last sector of the next cluster, and the TDDS is recorded in the last sector.

D i §))

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



recorded in the | eading sector of one cluster. Hence,
the DDS contents nmay be conprehended even though the
‘TDDS is formed by one sector. 37 As may be seen from
t he conmparison of Figs.12 and 5, the TDDS has contents
simlar to, those of the DDS up to the byte positions
0O to 53. However, the TDDS serial nunbers are
recorded as fromthe byte pgsition 4 and the start
physi cal address (AD DFL) of TDFL in the TDVA is
tes & e Byté ok | : i
bytes 456U e 131 PRLDCPRY IR TR FRACTORE RS Wl points are
,remmﬂgéovided in the DDS is recorded. The LRA (I ast _
corded address) is recorded, as the |ast recording
osition information, indicating the |ast position of
tihe stergnereal theeexdwnge addresreinfoumatign et inatbefFIOFLt isesimilar
byte position 1024. This is the radially outernopst

to thatpifithe exichargd addressl dtifesmatoN dthirt e DFErshda R iRFea8, such that
where the data is recorded. In the four bytes as from

the exER&ndY hBJRQZ! %%@%%ﬂfrﬁ a i iRk aéxftrgg Eﬁg: lf%pﬁll%ﬁ E)?c;léange source

address (AD B atest sp
o T i s recorded. The.other bytes.than the abqve byte .
cluster i thé SRERASE desttpliot, fistrepétinest T e Srhangespigpossing

00h. Thus, the TDDS includes the address of the user

are sh@yina Suely entre igiregistered: e the gampatarhale@isx, lishdBHE of the
exchange area usable flag. That is, the TDDS is the

structwraoddigdrit / control information responsible for area
managenent of the ISA and the OSA in the data zone.

LR R A O e et g of e
TDFL 135750k R '62710107, 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 to exchange management (burst transfer
management).

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

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

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



i nformati on, and the information specifying the
effective | atest space map bit position (AD BPO . 38
Since the TDDS is recorded in the |ast sector of the
space bitmap and in the |last sector of the TDFL, new
TDDS is recorded each tine the space bitmap or the
TDFL i s added. Thus, in the TDVA of Fig.9, the | ast
added TDDS in the space bisgmap or in the TDFL becones
the | atest TDDS and represents the | atest space

the exbhan@p dedtiniiort¥RR oL éﬁtgiéltiggcﬁldt?&snﬂﬂohﬁatigp ati, represent

additionally recorded and u IS possI

t a bj,t ma 0 be referenced.at the curren
the efifite. S8RE368d W ehadf HELRAERR ARG ThenlSomnt rel plural
. Iﬂ,ﬁg and OSA positions. The I SA (i nner space area,
physiGallyconspaytivgielugiesnange area) and the OSA (out er
space area; outer rimside exchange area) are areas

prlous, dedienn thenepldedla fphcyeii:aﬂy cONSEANDR VN@Asrsl Ghre collectively
exchange processing for defective clusters. The | SA

subjectilté %ﬁcﬁﬁ&@?ﬁqc@%ﬁﬁggzﬁg ﬁ'ﬁn&?&%@?%i £A%hd %g(c{l%x}%eegddress

actual Iy recordi ng ata to W enin
. e ' e regues as been made for | ting.
mfomi%gl%%'héﬁ rfgg g(légﬁoc’ fg@&r ﬂ@gglt Fﬂ’é?erﬁas,gmaltr BoBiHt Sﬁﬁfj@%@e}f the two

made for rewiting the data. Fig.13A shows the case of
exchangesaddess infgumation ati ofitbelenling dndieibieg custersf aneremdered.

on the radially innernost and radially outernpst sides

dihet TDHatis basially siesipacid velymréitg - th8 BDFNOKutt Refeatured by

case of a double-layer disc. The | SAO and the OSAO are
being extensible in size up to four clusters, by recording TDDS in the last sector
a.nd by the possibility of burst transfer management as the exchange address
information ati.

In the TDMA, the space bitmap and the TDEL 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

recorded in the leading sector of one cluster. Hence, the DDS contents may be

comprehended even though the TDDS is formed by one sector.



formed on the radially innernost and radially
outernost sides of the layer 0 of the data zone, -
respectively, while the I SA1 and the OSAl are forned
on the radially 39 innernost and radially outernost
sides of the layer 1 of the data zone, respectively.
In the doubl e-layer disc, the | SAO and the | SAl
sonetinmes differ in size fgomeach other. The OSAO
and the OSAl are of the same size. The sizes of the

%r&g{[ a@%%géﬁl I’]Gg1 %ﬁ%%ﬁ?(ﬁﬂg% p(g[f or e 1 oneﬁgghg 'gDDS has

The ize of .t A IS mnedat he tipe of

Comel’tthélrﬂﬂ?’t Pch Op&tq g‘ﬁ@f t@(@éﬁ%@é@ tRAg However, the
Conversely, the size of the OSA may be changed even

TDDSeserial nuinebers ara re@udediasdromithe biyse pobiticiShandzhe stayrt physical
be enl arged by changing the size of the OSA recorded

addredsn AT OFIDPST TOEDSRthOTDMRA TS orddiPa& KON HK Bte posmon 24,
processi ng enpl oying the I SA and the OSA is carried

o4 g8y bl BB IR PR PR, S M i Bovice i

iLtin fo a cluster in the user data area where data
theD]ﬁgésé‘? ded- been recorded, that is, the request for
data rewiting, has been nade. Since the disc in this
cltseLRA dlast irceomiedeadtiress) mntcorddd, g thentast réeordine position
- for the cluster, the rewite datals witten in a
infornftiot eRdichtih qhé M5t Qosiition bF (b Recdlded dser daga, eiﬁctﬂé%ﬁr bytes

processi ng. This exchange proceSS|ng I's supervised a

as froﬁ{‘n ft[é? Oﬁ&m@t@‘ﬁ ip@ﬂepﬁﬁg tlgeﬁ]e gfﬁdéﬁggngﬁtg?ﬂlg)g? ‘thsmal sector
O S TS R

In the four bytes as from the byte position 1028, the start physical sector

address (AD BPO) of the latest space bitmap in the TDMA is recorded.

The other bytes than the above byte positions are reserved altd 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 BP0).



with the cluster address, where the rewite data has
been witten in the 1SA or in the OSA as the
exchange source and as the exchange destination,
respectively. 40 That is, in case of data rewiting,
the rewite data is recorded in the I1SA or in the GOSA
and the exchange of the data positions by the
rewiting is supervised by3gthe exchange address
information ati in the TDFL in the TDVMA. Thus, data

Sk the"BDDS E‘Fé%b"i‘@éd g&# ltli{% [Relsk&Rd off th@ﬁpﬁ%&? btlt?]'lgﬁ)f ?.Ill(é in the

perspective of the OS e host syste

st sodE o T S5 RS PHSS g i e P or e

cluster is retained to be a defective a.rea, the data
- TDFL ipaddedw | Thus, ihehree TDIVM iof 1g.9, rthe lastraddad TDI3% dn the space
the |1SA or in the OSA by exchange processing and, for

bitmapsoP i \the ITRFLhbsc@anshahgdatepr TLESS| Mg represents edlatest space
address information ati is entered. 4. D sc drive

bitmapdeVi ce A disc drive device (recording and/or
reproduci ng device) for the above-described

ite-once disc.is herei.nafter . ai ned. Th resent .
S Viahhaweh i SRACe GifgR 1 agitiohaligeorded and updated, it
wite-once disc, for exanple, a disc where only the,
is possphieto granpide dpaceianap o be selept@esk atrthg cunieas tinge paint.
formed and the wite-once area is |eft unrecorded,

3-2 Lsvwhen#lySAhe disc | ayout explained with reference to
Fig.1 may be fornmed. Mreover, data nay be recorded

FUEL PSR PSR A SRR o,

L R ot Do S SRR SR S50 e iR hIBSA outer
space area; outer rim side exchange area) are areas provided in the data zone as
exchange areas for exchange processing for defective clusters.

The ISA and the OSA are also used as eﬁchange areas for actually recording
ﬁhe data to be written in a target éddress 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 singledayer 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 ISAO and the OSAQ are
formed on the radially innermost and radially outermost sides of the layer O of the

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



A disc 1 is the aforenentioned wite-once disc. This
disc 1 is |oaded on a 41 turntable, not shown. During
the recordi ng and/or reproduci ng operation, the disc 1
is runin rotation at a constant linear velocity (CLV)
by a spindle notor 52. By an optical pickup (optica
head) 51, the ADI P address or the managenent/ contro
information, as the pre-reggrded information, enbedded
as wobbling of the grooved track on the disc 1, is

e G SRR 5RO 5 0ol
13 SpECURTa ThHer ABC theSAD ond e [SAdntemaHEs Bjfer in size

the optical pi ckup 51. During replay, the recorded
from edel athey. ThaddB8A0 dnd thecO8ptli aval ofthelsame &ite. Wt hin the
optical pickup 51, there are provided a | aser diode,

Thedsit@S6f td A (oS EHY TEA0 ”ISAfEQﬂ\@ th@ 0N ﬁ{eeets@m OSAl)

for detecting the reflected not shown,

oS s REOU SRS 15, LA

Ium na |ng e |aser ht t hrough_an obj ective | ens
éleaﬂ%ﬁ gkth gi%rlﬁ ﬁlﬁbergum abthy tima @f the nHealizationcanshiremains
Ilght to the photodetector. Wthin the pickup 51, the

fixed subsequdntly.|@msvarselyetit tiye aflihe OSAlmupitte dlemged even after the
novenent al ong the tracking direction and al ong the

data rdcesdinieNThak (& %EQDSATQQ‘: GRAY GR! erﬂ%%e%&s)lgf é%laﬂg ﬁ(ﬁithe size of the

entiréty is novable by a sled nmec

OSArE Ik et Ijﬁglgf tdéﬁr%etﬁg%giﬁ | aser diode in the

I"cal” prcku mtting the | aser

lIlh% exchanging processing employing the ISA and the OSA is carried out as
follows: The case of data rewriting is taken as an example. Assume that the request
'_for data writing for a cluster in the user data area where data has already been
recorded, that is, the request for data rewriting, has been made. Since the disc in this
case is a write-once disc, and writing cannot be made for the cluster, the rewrite
data is written in a cluster in the ISA or in the OSA. This is the exchange
processing.

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

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



by a drive signal (drive current) froma |aser driver
63. 42 The information on the reflected light from
the disc 1 is detected by the photodetector within the
opti cal pickup 51 and sent as an el ectrical signha
proportionate to the received |light volune to a matrix
circuit 54. The matrix circuit 54 includes e.g. a
current/voltage converter ampd a matrix cal cul ation/
anplifier circuit, in association with the output

CEHAt98! inf ¢RDIMEatR l.réki’vﬁ'ting' e RCiAh 1Y r(?éoprgg(‘i‘ ﬁla ghé‘fSA or in

phot odet ect or, and gener & es needed sI gnals
tri al cul ation ocgessi ng... For, exanpl e,..the matri x
the OFR, anl, e FX5hAneg CEdhe i pPdiianadyy S Ratitipgds sipervised by
data signals) corresponding to the replay data, as

the exghanggsaddressinfommation gitgnal @readDFLr icitheagTBMA: Thus, data
signals for servo control. The matrix circuit also

rewritgnay suiesamislly pedlized, grshse.gt fas pbﬁsgeéﬁﬁ@ dhe OS of the host
pertinent to groove wobbling, or wobbling detecting

| _.systenz,i &nlﬁlesfhleg%héﬁt &eh tgnio[lg%i g{}% g‘f%lﬁ tﬁ%%ﬁe@xfeaebdiiabt as

ne wthin the optic he replay data

manal s, oytput fromjihe matrix circuit 54, are | )
hipb et Hajab tor sieidriest magermeny i Buzivenh elysierisi igained to
error signals and tracking error signals are sent to

be a dgfestivecareny the datg 1o bhehwristenrthepa shwoiitdn Bi gcattaimcluster in the
sent to a wobble circuit 58. The reader/witer circuit

ISA obSnptitd @S bjyrarcmag?dipmc@mﬁgmrﬁu fdat QupehrGiRAES this exchange
whil e performng replay clock generating processing by

Rl : | I U duces data
procesif, Bk NS pRERULY A At 4 R BRI,
reproduced data to a nodem 56.

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 prerécorded information area PIC of Fig.1 has
been‘ formed and the write~once area is left u.m:ecorded, whereby the disc layout
_ explained with reference to Fig.1 may be formed. Moreover, data may be recorded
and/or reproduced for such formatted disc, and recording/ updating may also be
- made for the TDMA, ISA and in the OSA, as necessary.

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

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



The nobdem 56 includes a functional part as a decoder
for replay and a 43 functional part as an encoder for
recording. In replay, run-length [imted codes are
denodul ated, as the decoding processing, based on the
replay clocks. An ECC encoder/decoder 57 perforns the
ECC encodi ng of appending the error correction codes
during recordi ng, while perflorm ng ECC decodi ng of
error correction during replay. During replay, data

turntaBRIPEH sRE Q4. %h{gtﬂﬁo&%ﬂhﬁﬁgailﬁ/é@te?i‘ﬂoﬂﬁ‘éiﬁgﬁb&ﬁ&{ RRE disc 1

menory and subjected to error dete on/ ¢ ecti o
. nd dei nterl eaving,to produce duced ta. . T
is run 30 oAl AR diraf VB ES  CEPA SR i dfiBotol $2.
‘ encoder/decoder 57 is read out _under a command froma

H¥t @ apicebl piokupo (apticak dead)t dd the 2ARYE: address or the

devi ce, connected in circuit, such as an AV
manageamneintd-oonsred| ihfeysdtéon, 1450 theT pee-pesdrdpd| infermyatadig, embedded as
output fromthe matrix circuit 54 as a signal

wobbl%t% E‘E:l[ gr&(ﬁ)vetd1 fradk 05 j?EMQE ) gisl féa?is ?8?1 g:ﬁr: ,ﬁﬁ g%f)t‘tikhaé pickup

circuit 58. e push-"pu

. | P j.nf,ormati on, are denodul ated by the wobbl e
(Opuc@iq?%alﬁ){g%S into a data stream formng an AD P

address, .so as to, be supplied to and address decoder

do. inftializingrfeysaidingoreaicconlingdbea ascr Hatag heamanggemeat/ control

to generate an address .value which then is supplied
informatidrher slys tieen datatis akterdedlin theetrackd ie ke dadiedsiceb&rea, by the

al so generates clocks, by the PLL processing :
optical pickup 51. During replay, the recorded data is read out by the optical pickup
51. |

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 di_rectioh 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.



enpl oyi ng the wobbl e signals, supplied fromthe wobble
circuit 58, to send the so 44 generated clocks to
vari ous conponents as encodi ng cl ocks during
recordi ng. The push-pull signals, as the push-pul
signals output fromthe matrix circuit 54, as the
signals pertinent to groove wobbling, and as the
pre-recorded information BRC, are band-pass filtered
by the wobble circuit 58, so as to be supplied to the
F Iober GhGHI T ~ ' S
s L R e e R A G R
en ECC.decoded and dei nterl eaved py the ECC . .
photodglEgiok, FiliBtic SPHca eRtikder ot hsehheat, A clegirigal signal
informati on. The so extracted pre-recorded
proportisinatarta thevecsiveddightoralnmestipsa amtesearcit 34. 60. The:
systemcontroller 60 is able to perform various

OFIRY addtR ciridit 59 inphelkessEng qirrapolRipet&tiverter and a matrix
‘processi ng operations, based on the read-out

c_alcul?ﬂétg%/i %:ﬁﬁgﬁgg cirdh! ?x?tais?&i?%iv?g% "RE Qg gcur%%rﬁn 1’13161 the plural

ata 1's ansm m an SyS

. as host ynit. These,recpording data are sent to.a.
light BERRDE  SIORRBISECE BHOBIA T IBLORET SRS BRpded: siggals by the
In this case, the ECC encoder/decoder 57 appends the
‘matrixe¢alovlationpgocessing.odes or subcodes, or performnms
i nterl eaving, by way of encoding the buffered

egodchimgle, € anatfikecikEit SAC geiaskathat g ghr ﬁegm‘tchd sighaly (repla
t he rmollig%% by, for exanpl e,g t he RLI%(l- ) Pga galy (replay

DL RorBBIcHIFIES ALY o, WIS OGSk o sanas and
trac_kil(ljgI 81%%? sIg%ralsF OF SETVO (cj:iornlgof).r ocessing |
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 perfo‘rming replay clock generating processing by the PLL. The reader/writer
cifcuit reproduces data read out by the optical pickup 51 to send the repréduced

data to a modem 56.

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



during the recording, clocks generated fromthe wobble
signals, as described above, 45 may be used. The
recordi ng data, generated by the encodi ng processing,
are processed in the reader/witer circuit 55 by fine
adj ustment of the optinmumrecordi ng power or

adj ustnment of the laser driver pulse waveform wth
respect to the characteristgics of the recording

| ayer, spot shape of the laser |ight or the recording

functi%gfljghp%ﬁeélg gh{;%deésqar r@&lgﬁl@e then routed as |aser

aser er 63. The |l aser driver 63

ARosTAr, TongeBBin i BT codow 1 eb debfordilaRds | thgrngiecoding

em ssion driving.. In_this manner, the pits
processing. dapeth anribe replapecloelssr di ng data are formed on the
' disc 1. The laser driver 63 includes a so-called APC

Al BECC divvider/devedercSTtgetornanthe PR @aso&t 6Phppending the
render the |aser output constant w thout dependency on

error &r?ectfd?ﬁgo%@ﬁﬁfiﬁ t%@or ofig% ﬂqeg?g#fo%g@fi@?\@cohﬁlg of error

noni tore y an o ut honi t or

etector provided within the pickup 51. The target
correc&gp&ﬁmg*gfe&i&y.aser output during recording and

reproduction is supplied fromthe systemcontroller
dwring deplajiedataséamodulated bytbe rederorfit atel talfendntgean internal
the target value during recording and reproduction.

memoryand&utfected edidrdrld@eogoat esrrvetio did BRimerléalv i to produce
signals, such as focusing, tracking and sled servo

L jgnals, fromthe focusing and tracking error
reprodgﬁclaﬁgjlagd. fromthe matrix circuit 54, in order to

i G e naneREpT e gty B P pos g déboder 57 i
read out under a command from a system controller 60 and transmitted to a host
device, connected in circuit, such as an AV (audio-visual) system 120.

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

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

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

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



. generated, responsive to the focusing error signals
.and the tracking error signals, to 46 drive the
focusing coil and the tracking coil of the biaxial
mechanismw thin the optical pickup 51. In this
manner, the optical pickup 51, matrix circuit 54,
servo circuit 61 and the tracking and focusing servo
| oops by the biaxial mechanjgsmare formed. The servo
circuit 61 is responsive to a tracking junp connand

oI I 0] turn of f
genergibd FACAS o ABRERM GRS b BRcd Pl 10e dudfE rasording.
he track junp qperations. The servo circuit
i egB\’él"HPﬁ@gm%& & P§$Ig'ﬁliﬂsﬁlglb?d§ eutpyt Fog] e watidx circuit
signal, obtained as a |low range conponent of the

54, as tthasignla!;; peitiment i@ gedoveowobblingeand agse peo-eeidrded information
: control fromthe systemcontroller 60, in order to

PIC, e&é'B‘a‘i’xdapﬁseﬂthFéH"'B | ) w%%bleTgh%uﬁ'ﬁg, §55haq ﬁ@sﬁégged to the

includes a main sh t for holding t optical pic

a4 SSPEE R Sy ARAOL I PBedRR EogdSg o o e

sl ed drlve S|gnals to effect the needed slide novenent
bit stggampavhight j18 althen c B&C s decadedi antle deantedeaveduiby ehe ECC
perfornms control for rotationally driving the spindle
encodeddevode? 7 @ \extfawt sptndise ther pre-ricoeded BZomnaion.eShe so
cl ocks, generated by PLL processing on the wobble

extracfdcﬂﬁl%‘—&coﬁfed 1'?1?0frﬁ£ﬁ6ﬁ?§ é&{t t8 'ihé Qgst%iﬂ ESHroN &t ﬁ@é ional

speed of the spindle notor conpares t

gfg'l%ﬁ §S{S{e§}$ Oc%ntg(ﬁlg%e%d %% eggllgc ?0 %é{ffg eeg/altlgu ecr)];?e{r%{ign setfing
processing or copy-protect processing operations, 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
57 for buffering.

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,



During the data reproduction, the replay clocks
generated by the PLL of the 47 reader/witer circuit
55 (reference clocks for decoding processing) becone
the information on the current rotational speed of
the spindle notor 52. Thus, the clocks may be
conpared to the preset CLV reference speed information
to generate spindle errorg4signals. The spindle servo
circuit 62 outputs a spindle drive signal, generated

may bb@3P@nsi ve to the spindle error signal, to cause CLV
rotation of the spindle notor 52. The spindle servo
“glkrcuit 62 also generat spi ndl e drive signals, )
e Frordbe (4%, 2ERFAiCE OY) B/ TIoRRing BRRGESIING G processed in
fromthe systemcontroller 60, to execute the

the reasjesrvetitesrrayt §6 dryt finst ashystaoans| off thiei eptimn recording power or
decel eration of the spindle notor 52. The vari ous

adjust@pat of tientasef driver palseowavsfoem, anith kEspocPe@ i BRaracteristics of
and/ or reproduci ng system described above, are

e o BBHTPLAES, o hgpE T BRI e RN S iy, o

V3l i ous pr,ocessi ng.operations responsiv to comuands
as to bethen Fauldasdaseradhiidpulses o lasesIdsIverdd write
command is issued fromthe AV system 120, the system

ddet kaset driven 63aapgdissthe smppliedflasdredipe ipodde i aagerSdiode in
to the address for witing. The systemcontroller 60

the optib&lnpickupesl tdeffecIRBE HERE éﬁﬁ%@ﬁ_fdrfﬁngﬂﬁh thi SnAREGMhe pits

56 to execute the encodi ng processing on the data

conesp SR L0 AT B RSO e MBS 1
The laser driver 63 includes a so-called APC circuit (auto power control) and
manages control to render the laser output constant without dependency on e.g. the
temperature, as the laser output power is monitored By an output of the laser power
- monitor detector provided within the pickup 51. The target value of the laser output
during recording and reproduction 1s supplied from the system controller 60, and
the laser output level is controlled to be the target value during recording and
reproduction.
The servo circuit 61 generates various servo drive signals, such as focusing,
tracking and sled servo drive signals, from the focusing and tracking error signals
| .from the matrix circuit 54, in order to execute the servo operations.

That 1s, the focusing drive signals and the tracking drive signals are

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



recording is carried out by the |laser drive pul ses
sent fromthe reader/witer circuit 48 55 to the

| aser driver 63 as described above. Mreover, if a
read conmand requesting the transfer of certain data
(e.g. MPER video data) recorded on the disc 1 is
supplied frome.g. the AV system 120, the seek
operation control is exerchged with the specified
address as target. That is, command is issued to

aive BRSPS O APPSR PR, Bhein o

speci fied by the seek command as ., a target. The syst
Optlcakmm Py Im fikis wapner, the mtical indekuid s énatﬁléfea’éawfté‘i{n servo
transmtting the data of the specified domain to the
circuit’ét apdtthontiing hat fosusingesersy doeps byrthe dlibeial nesdsnism are
out data fromthe disc 1 to cause the reader/witer
forme&l rcuit 55 nodem 56 and the ECC encoder/decoder 57
to execute decodi ng/ bufferi ng to transmt the

uest ed dat Duri ng recor angd/ or rodu0|n
i S8 STOR B TSIS rERhar NG 9 epaghing il cBial from the
control on the recordi ng and/ or reproduci ng operatiaqns
systempeorgedersdf i turngnfihghe Hackpercawel e i ou@us ayBEILjrive signal

the wobble circuit 58 and the address decoder 59. At

to carrg quteketrackrjung operatioas on loading the disc 1, the
system controller 60 reads out the unique ID recorded

%g%cﬁﬁ éh %Héfréf:égr %%Hlnn Iigrat | o‘t%%?g:b%?@ sled error signal,
obtam(;1 g d gwarsantgre]:ecg\rlﬁgglllérﬂgop the ¥racic1ng terr}gr é’nazi,y me the access
'execute control from the system controller 60, in order to drive a sled mechanism
53. This sled mechanism 53 includes a main shaft for holding the optical pickup 51,
a sled motor and a transmission gearing, not shown, and drives the sled motor
responsive to the sled drive signals to effect the needed slide movement of the
optical pickup 51. |

A spindle servo circuit 62 performs control for rotationally driving the
spindle motor 52 at CLV.

The spindle servo circuit 62 acquires clocks, generated by PLL processing on
the wobble signals, as the information on the current rotational speed of the spindle
- motor 52, and compares the clocks to the preset reference CLV speed to generate

spindle error signals.

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



In this case, the systemcontroller exercises contro
on the seek operation 49 wth the pre-recorded data
zone PR as a target. That is, the systemcontroller
issues a conmmand to the servo circuit 61 to cause the
servo circuit to execute the access operations of the
optical pickup 51 towards the innernost rim of the

di sc. The system control | eyt hen causes the optica

pi ckup 51 to execute replay trace operations to

readerﬁx‘f:lférr EirPuENs g&éfe%rﬁféa FodS T dre%hﬁlg] ‘fagoédsgﬁfgl) Hbecome  the

ormat 1 on. system contro l'er t causes

. wobbl e gircuit 58, reader/witer circuit 55 t he

informABen GO RIGOMSITE Spec pEEir SPIPALE taldis roTigs the clocks
acquire the replay data as the pre-recorded

may hentcomperedntooithe reBAAGLAY orafardnss. spteel dgformation to generate
controller 60 perforns | aser power setting or copy

 spindl®efoRGlgndls.ocessi ng, based on the pre-recorded

i nfornmation or the BCA information thus read out.
. 14. C - r : -
T SRR SRS ARBTER DN LB MR, sonerted
hol di ng or updating the TDFL/ s bitmap r out
responghisntq Fae W?%Prﬁ%eqlﬁ%le tq .cavﬁé?ﬁ%r&%@hpfgﬁ@ SpigHe motor
controls relevant units, e.g. on loading of the disc

52. 1, to read out the TDFL/space bitmap recorded on the
TDVA, to hold the so read-out information on the

TN SpimEIRserveQa@rcdif 62haso ikaerieapiaRlid H@@@Sﬁ%ﬂzﬂsj fesponsive
carri'‘ed out by data wite or defects, the system

toa spgg%gﬂﬁe rra)gg %S:tgﬁ%} %r@(a-[[fﬁrﬂlst@ﬁc spérh%gltfﬁlfe?iﬁr(‘) ttg %xecute the

change processing is carri

ut by data wite or data rewite operations,
operatijons oiy start, stop, acceleration and deceleration ofatiile spifidle motor 52.

The various operations of the servo system and the recording and/or
reproducing system, described above, are controlled by the system controller 60
formed by the micro-computer.

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

Fof 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



and the space bitmap or the TDFL i s updated, the TDFL
or the space bitnmap may 50 be additionally recorded
in the TDVA of the disc 1 each tine the updating is
perfornmed. However, in such case, the TDVA of the disc
1 is excessively consuned. For this reason, the

TDFL/ space bitmap is updated in the cache nenory 60a
until the disc 1 is ejectedgfromthe disc drive device
or until a command is issued fromthe host device, as

55 to (AR 183 Mer 698 B@RtiteldNMoves, the latest) TDFL/space
bitmap 1n the cache nenory 60a is witten in the TDVA

f, the disc 1 uch as the .ti of ejection., Ln
Motetie 1 4 Heaf Eomiasl] reutin: oo’ of ‘i data (o..
TDFL/ space bitmap_may be collectively updated on the

MPEG} xidep data)eecosdeit pRghe Hisc tansippicddionse.ghdiedVisystem 120,
the disc 1. On the other hand, if the TDVA of the disc

the sedk operapidatcahtalliy eatrdiderl withethefspeeifeditdddfegdrasoarget. That is, a
recei pt of a command fromthe host device, it may be

comméﬁglris glrsgﬁ%] td rlﬁet %2@8 c&r&lit td1e (rjdﬂ RAGLE tﬁ‘g ScRbdO Bglﬁ.fnagio& of the

rrng time perio fromt recor

opticak BigkUgs 1 HEDG e8Ecuced ik fug afiess shedre e eak somgnand as
and the . TDVA are not natched to each other on the

atargédlisc 1. It is not desirable that such time period is
prol onged. Thus, in the present enbodinent, the

drten ceyémupeaitioifert htheADMPerdorid e ogestioh | Contedlt gy@led for
in case the gap is generated or extinct, responsive

oL i , i e .
connf 00 05 170 L Lt oA Bz, o i

' r [ f Fig.l4 h .
systen% E:(r)rli't%ﬁérere%fds tol?l% d%{asfro?n ﬁ/eedfslg Y (6 cause e read’er}wr?ter circuit 55,

mo_dem 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



di sc drive device is connected to the AV system 120.
Alternatively, a personal 51 conputer, as the disc
drive device of the present invention, for exanple,
may be connected as a host device. Stil
alternatively, the disc drive device may not be
connected to other equipnent. In this case, the
operating unit or the displgy unit nay be provided, or
the data input/output interfacing unit may differ in
. 4.,
with tﬁé P&—gﬁoﬁg@@ %iﬂﬁlg&ﬁee g’g(? a th e /’gfrﬁt 1&){9{?& d%%r%lncqrgtrdlfer issues
arried out responsiye to the user's operations,
a Cﬂmm‘dﬂéf toethe $RIVOFIGuIs é?f OnEANSE JhE FEE VR CICHR %@xe%@ 5he access
is formed. 5. Generation and extinction of gap In the
operatpmsseintheepivdl pokup § heoweardsrthe iinmeranckt eithiofche discof
the gap is the chance of TDVA updating on the disc 1.
AiHes bystbhe c8aRoll8r et 2hiesh thEhepaaR gﬂ:ktu e5£q8t &xdcu®d replay

t he present enbodi mrent nmeans an unrec rded area

o AT, SR A HHLRTREE BB on

oSi ti n |nformat|on of the user data, that is, in

systen? egnigal %theﬁecaqssa.ﬂé@ webble sircyitds, éeadqréwmx ¢1ﬁCUe1h 55 and the
user data area. Since the LRA is the address of the

ECC dmstler/decodtirniy/ seexocutef thehdecodéng és acdeide thegephyodata as the
the radially outernost side in the user data area, the

pre-re@@@ed SnfdihatidtneGOMheelC A BfoARaABRad of the recorded
region in the user data area. In general, the user

S o Bl 0, BEAEERs! BR0Y SRS by provce
'procesgﬁfgl, ercldselclsorllJ he lll)r%—r%?:gr(?e%n%rlf%trglatlon or the BCA information thus
read out.

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

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

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

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

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



52 However, with the optical disc 1 of the present
enbodi nent, random accessibility is assured by

enpl oyi ng the space bitmp, such that the user data
need not be recorded in a padded fashion fromthe
inner rim and hence the chance of generation of what
is ternmed the gap in the present enbodi nent. Referring
to Figs.15A to 15E, a typiggl status of gap generation
and extinction is now explai.ned. Figs.15A to 15E show

ve adfy8E5H 0 3h HRCTERFA e, B8Pl B Wi pning i

bl ank di sc where no user data _has been recorded., In
performpds cHemeviche instichysase.athen TIAMAsobriher disg .ISISa@xcesswely
unrecorded area. This is not the gap in light of the
consuafedve definition. That is, in this state, there is no
gap. Fig.15B shows the state in which the user data

sy tﬁ?sefba"SSﬁoﬂQeﬁDfFL‘?%a%e Blﬁﬁﬁ)ﬁ) &Qg pihtehin ﬁlep&fch%eﬂl%ry 60a

t he dlscm 1:|g I'S reco arealsterrre

d ar.ea I n,thi,s c the | ast
until Gt T s ot Wieod e G abeRei @ hagif s ﬁeﬁa@an@ g issued
unrecorded, area on the radiall nner side of
from the: bogedenicea a1 ansexanaplgaplhe 'ymﬁt (that 1$,hﬂ'legéfﬁe$t% TDFL/space
generated. Meanwhil e, the unrecorded area on the

bitmap anithé lcpcle neemesi vl 60afis tiidtter dnthe TDM Ao frhel disodt, such as at
the gap. Fig.15C shows the state in which the user

the tlﬁﬁ’,t fbfh% ceRal LEGA %%@s@ar‘a ¢! Bunitie %?puf)(ﬁ‘atEhﬁverats of the

state o Fi g. 15B. is recor d region is a record

TDFLZSr gﬁﬁb\gblldﬁ étgggjn&c@i%cg}v % d:%%{;’xtqcﬁ OSpl | t(;h'tsgltlggﬂlus regucmg the

consumption of the TDMA of the disc 1. _

On the other hand, if the TDMA ;)f the disc 1 is updated only at the time of
¢jection 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 1s generated or ex;tinct, 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



53 It is noted that, since the user data has not been
recorded on the radially outer side of the recorded
area #1, the LRA is not changed. Fig. 15D shows the
state in which the user data has been recorded at the
| eadi ng end of the user data area, fromthe state of
Fig.15C to forma recorded area #3. The user data is
recorded in a gap between ghe recorded area #1 and the
recorded area #2 to forma recorded area #4. As to the

recorded area,# he u d r
compli L FSE R bV S eGP S B SPLAEAL, ray be

| eadi ng end thereof, and thus this does not cause a
conne¢fed ag#phes§ ds¥i¢fener at ed. The gap which has existed has

been padded with the user data, by the recorded area

#4ill Hhiesnatbyeles ahe sdigapdriwd idevicoomayvemotwbel eonnectedhite other

case of Fig. 15D, the LRA again is not changed,

i i S e provided, or

cauipREGE TR0 St e A DASIRSR ESHEgRY O the b pryided

'y outer si e recorded ‘area #1.
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radially outer side of the LRA, starting from.

\ the . .
- Fig.l4sdunishost, iFilg suffizientifsthecespadingaandior seprasuctiopigrried out

area #5. In this case, an unrecorded area exists on _
resporisive t@dicliber’s pperatimndeonif 4 hermimabndedfoarniapuysutplibed, various

the unrecorded area beconmes a new gap. Further, in

LN ase, since the user data has been recorded at
datalsﬁ@éﬁ?l 'y outer side of the recorded area #1, the LRA

is updated to the address of the |ast recording

sector of the recorded area #5.

5. Generation and extinction of gap

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

The gap in the context of the present embodiment means an unrecorded area

generated in a region up to an address on a recording medium specified by the LRA

as the last recording position information of the user data, that is, in a region on the

radially inner side of the LRA in the user data area.

Since the LRA is the address of the last recording sector of the prerecorded
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.



54 The gap is generated or extinct, responsive to the
recordi ng of the user data, as described above as an
exanple. In the present enbodi ment, when the gap has
been generated or becone extinct in this manner, the
managenent information stored in the cache nenory
.60a, that is, the information of the TDVMA (viz. the
TDFL/ space bitmap), is wispten on the disc 1. 6. TDVA
updating 6-1 Updating responsive to gap generation and

Howe‘%?i'tS ’vﬂq{ @%ﬁl Hﬁ#&cf‘ﬁﬁ ALY f‘(%ren%‘ @ﬂﬁi}gg{;ﬂlehb eraﬁ% é?gcets ﬁ%lhty is

relna ter exp a I ned ’he cont ent
f the TDMA, there are . the space bit and the TDF
assured by cQpRbANE -6 Spage, titioaSaauch | baf aber 4, dfigenced not be
space bitmap is necessarily updated. On the other

recordediinl 2 padded deshibntfiemekhe ianegeripr, aaddwineg thaehance of generation
defects or data rewiting, the contents of the TDFL

of  Whét UPdgt eder¥deoy ghe |n% dfhe spacetiid t mgresent TDFembodiment.
the TDDS |s recorded in the |ast sector, and the LRA

T t
PR e TR SRS o i, gpgaion an
In thefoII atio eof updat
 extinclfi o SRRt 191 SH‘?Wn uRREIDR fﬁ%%srecordmg
havi ng the LRA), necessarl |y changed responsive to

states dathe useedatajare@,onﬁlaﬁken as an exanple. If the
exchange processing in the data recordi ng has been

ERELS RN Ut JREK B0t e epiaston reondd.
In this case, the user data area in its entirety is an unrecorded area. This is not the
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 recdrded area #1 is the LRA. Hence
the unrecorded érea on the radially inner side of the recorded area #1 is the gap.
Thﬁt is, the gap is generated.

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

Fig.15C shows the state in which the user data has been recorded partway n

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.



updati ng of the space bitmap. In the followng, this
is not referred to individually. In the present

enbodi ment of the disc drive device, the contents of
the space bitmap, recorded in the cache nenory 60a,
are necessarily updated responsive to the recording
of user data on the disc. That is, the cluster, in
whi ch recording has been mgde, is set to "1', by way
of updating. If the LRA has been changed, the value

. i n: t f

o B TRl B T0RE: O 8, hPRec RS Biq o i ARy vt
. it , St d,jnth h 60a, t ched
side of Hiq Tgoptbaepitty e LICAEE Rof Ekmdachg state. On the

ot her hand, the updating of TDVA in the disc | (mainly

tFig. 1 3 diboven the spdatinnghath the wspadatdibasdpedmnrdédoeded at the
TDVA) is not carried out each tine the user data is

| Ieadingm Ofthe hdbrtda®s BFRS FIMARL %@dt@‘?ﬂtFigLﬂg)‘ﬂ' fo 8680 a recorded area

ol l om ng four chancés of recording | at est space

5. LD SRS RghOF R IR OB MR85 1. S e

r cord|5 ; . a case in which a gap has becone extinct
recordgg ajga ¢ 39tfarm@cr&cer¢f‘gi,area%se in which the disc 1is
ej ected; and a case in which an update comrand has
beeto ihesteedrdadbaea #39she ubier datathas heeacessided mfa portion of the
updating the TDVA of the disc 1 in case a gap has

gap, WIRER hak egiseed PHmPEIBRIRN! éﬂ&ihe?&oﬂ%ﬁﬂ#ﬁé& tﬂ)is does not cause a

recording, that is, the processing at Ime o

rding, is explained. Meanwhil e, each
- pew ggﬁg@g%{f’%ﬁﬁ@r ei nafter explained, is the processing

516116 gap which has existed has been padded with the user data, by the
recorded area #4. This represents gap extinction.

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

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

Further, in this case, since the user data has been recorded at radially outer
side of the recorded area #1, the LRA is updated to the address of the last recording

sector of the recorded area #5.



performed by the systemcontroller 60. Fig. 16 shows
the processing at the tine of the user data recording.
It is now assunmed that a user data wite request for a
certain address N has arrived froma host device,
such as AV system 120, to the systemcontroller 60. In
this case, the processing of Fig.16 is carried out in
the systemcontroller 60. 4grst, in a step F101
processing for data recording is carried out
r i f : Thi or g
PORPERT ¥ Bohdtafed FEAERLL XEARAINERS e R BuBfHE bf ttuser dats,
Al .t hqugh the detail ed sequence of the data recording

as desgriseaing G AnHeanbls THIBE FisSei OBROMHRCRInGH By ddhreap has
control |l er 60 executes the foll ow ng processing as

been generpiedc o8 dlacgman extiact tinpthid Otaniérn she managémerndeformation
is made to the space bitmap in the cache nmenory 60a,

storedt inetheS yadtRMRANbIFPIG08! tisdiekk shavigfdi8latidiCoPYHE EISMA (viz. the
(cluster) specified for data witing fromthe host

T AP b B e e Ccordect, the

processi ng of recording the wuser data, supplied from
the host, in the specified address, is carried out. If
conversely the specified address has been recorded,

6. TDM+e updletingt data cannot be witten in the specified
address. Thus, data rewiting is carried out by

6-1 Updalngl fdspensivBeo 4phan@eatis06RS SkiifcfigAct i on. That is
ltg’dcgensnagy, ?t is fi :E?? chec?(ed, usi ng ?ﬁe | SA and the

Bl pRSLFE 5 oAbl R YPINOBBIORESS ek ppiinec

PARong the Tontents Of the 1AL Hhere are the space bitmiap aad 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 in the last
| sector, and the LRA is included in the TDDS.
It is noted that the information within the TDMA is updated as necessary. In
- the following explanation, the case of updating, on the disc 1, the space bitmap
(including the TDDS having the LRA), necessarily changed responsive to data
‘recording, is taken as an example.

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

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



Specifically, the recording is carried out in the
~cluster in the I1SA or OSA in place of recording in
the address N, and nanagenent is perforned so that the
address N w | be exchanged to a cluster in the I SA
or CSA. In this case, the TDFL is also updated at the
time of updating the space bitmap in the next step
F102. If data has been witgsen in the step F101 in the
address N, the space bitmap is updated in a step F102

i [ - t-hat | t.en. N
updatind $f e SBRCP pIEERY Yn R0 fol il Shis b oy heten@atgliifpuaty.
%Qf?)gd ust er Nbi a on the outernpst rimof the user
 PHERENT GROPAIREY O I5¢ Ghee flgvices i epntgntst plethe space
. .space bitmap is also updated. Then, in a step F103, it
bitmap,sregerddd i théhendlee noemonyt 60he agapeeesshrily apdatednresponsive to
reference to Fig.15 has been generated or has becone

the re€osdimg bf afseR dags BhithefdisOETMAH 1€ the CRERSS iR IwhithtRBording has
above step F101. The processing in this step F103 is

- d tajd 4 [ 7.+ Ei ' t 201,
veen SR Sl oL 17 b Moot 1 R RUSR, BRGH cnngea, e
bj i 1 hi h 60a, that is, the
value gf fieabRAs it DD GE tieiReberdtor pF e eisedtiipap joaboated.
acquired. In a step F202, it is checked whether the

bihws, ¢he cesteatsivfithe spadechbitdpe storéd in ithe cAth®menory 60a, are
That is to say, it is checked whether or not the

match6dl 16 tI§d peiva@ighd Ms@l @ith P8Sordend Biatcurrent |y recor ded
cluster of the address N has al ready been recorded.

oy B SR ol SoBRERP LA B I IR IE, B ity e
additié’liﬁjitm%fagtggeofc tLlllrers%rzlltce ?ttnella;\)lwilii ttl?e %%SMA)O{JS. nc-)rthg;r’riegl hoeut 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



controller proceeds to a step F204 to verify that the
gap has been generated with the current data wite
event. If conversely the address N1 in the step F202
is recorded, the bit corresponding to the address N+1
is acquired in the next step F203 in the space
bitmap. In a step F205, it is checked whether or not
the bit corresponding to thg address N+1 is "1' or
0" to verify whether or not the currently recorded
I f ' the cluster of the address N
1mxﬁﬂﬁgﬂghfg§§§§§gngﬁhﬁ?@??gpf the address N+1 is al ready
cqrded, it may be.verjfied th t he cl,usters ,.ahead
i 16r70i0uss thePIDRESSAS Feipr e didPaCeE PG EroriSe:
al ready been recorded, that is, that the currentlg
fetsonowdassudresks thaklahager slatd avriteeraquesyfqy. a icertaiy address N has
further be verified that the gap has now been padded

arrived¥roil @ Hodt device! Q& &8 AY sYiRBAE120 1 tonfhy sybRny eohfrbRer 60.
in the step F206 that the gap has becone extinct by

. e Al NGl e e
i€ LAt e pROERIE Ry 16 I b T i yptbliFeontroller 60.
. step F2Q7 that gap.generation or .extinctipn has not .
First, EbBLﬁt?IéB:WIts PrORGSiTE Ao aaty Bcsrdingg1s aRied Ut FESpORgive 1o a
whet her or not the gap generation or extinction has
request fmum radhst. by t he processing of Fig.17, the processing
is branched at a step F104 in Fig.16, depending on

s t@linge pldcefing 3P cUSNKY Gt Gt clenstdrakison has
occurred, it is checked in a step F106 whether or not

%l%@gkgﬁge%g{aggs%ﬁqgﬂc@ 3k 3he 'da3d ré(?‘ordﬂ{@/ pfj(?ée‘cs‘sing of the step
F101 is not shown, the system controller 60 executes the following processing as
the processing in the step F101.

First, as reference is made to the space bitmap in the caqhe mefnory 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 rec:orded, 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.



recorded fromthe host. If there is any such data, the
address is added by the nunber of the sectors, which
is 32, to give a new address N. That is, the next
cluster is the wite address. The systemcontroller
reverts to the step F101 to record data in the address
N. If the gap has newly been generated or has becone
extinct in the step F104, syhe systemcontroller
proceeds to the step F105 to mwite t he space bitmp/

Spemf{tﬁlﬂff hie é%cg)ggﬁ%fsmp up ]t@[oﬁl ¢]%gte§tlg%gg§%20r mhg place

TDVA on the disc. _The processing.in thls step F105 is
of recoyiang 1p ﬁh%fig qss M, ni@ag@meét% is ipgripreiedpsartipd the pddress N
TDDS information of Fig.12, held in the cache nenory

will béeachamfast tmhi dnsteorinche JSe'c toar OB e | Tnsthie cafe, tR8)TDFL is also
added as the last sector of the space bitmap in the

update@aﬁﬁﬁe@ﬁﬂ@by ?@@tmg théspARPHITRAS in'the n%ﬂﬁ%g*}'lt(mip’
added by the TDDS,"is addltlonaly recorded in the

IE%&%%SL%%&S‘I{’S%% F’Stﬁ? SF‘%}?EEW itp Sﬁ% a?ﬁves E‘L%ﬁg 35a8Fbitmap is

unrecorded in the step F106 has becone depl et ed
updatefiniisa sfap H1QAdn the caehe sagmery pBa, sherdsr (Bakthe gugigadN where
. frome.g. the host, and the gap has been generated or
data hinebwremitteinrﬁstindicna&méts/smﬂt.er recordi ng the user data

of the first one cluster, the TDVA of the disc 1 is

2{3312% g,?léstfnfs N m;% ?rf‘?l‘({)gmbgﬁ‘egrhf‘(gﬁﬂ :ﬁltr%EP thé “EﬁeP 'dafP the LRA in the
TDDS of the last sector of the space bitmap is also updated.

Then, in a step F103, it is verified whether or not the gap explained with
reference to Fig.15 has been generated or has become extinct as a result of the write
processing in the above step F101.

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

First, in a step F201, a bit corresponding to an address N—1 in the space
bitmap within the cache memory 60a, that is, the space b1tmap updated in the
directly previous step F102, 1s acquired. In a step F202, it is checked whether the bit
corresponding to the address N—1 is “1° or “0’. That is to say, it is checked whether
or not the cluster directly previous to the currently recorded cluster of the address N
has already been recofded.

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



and the gap has been generated or becone extinct
directly after recording the user data of the first
one cluster, the TDVA of the disc 1 is updated at a
time point directly after the witing of the first
.cluster. The recording of user data of the second and
the following clusters is then continued. O course,

if the gap has been generaged or has become extinct
by the recording of the second and the follow ng

Controg:ggﬁ (Féegdgttg %h ;{%&@E t%) h%lrlg%%éjﬁ té]'te qidoﬁjagsgﬁedfﬁgénzerated with the

up. datln% on the disc 1 (additional recording to the
curreng §ataeWHite fEB- is also carried out at the tinme of the
di sc ejection. Fig.19 shows the processing by the
dy stenwerselyr ohd eaddi®ss riNedsén ofheejseet iFRD2 tibereliceded, the bit
fromthe disc drive device. If the disc is ejected by

corres oﬁﬁﬁ‘lr RP%@EH&&SWN‘*‘T%%&‘]@‘?%?@P%J hexp Eﬂég 993 in the space

stem controller 60 ch a step

bima i 5383?@ BRG if, RE 6RO, BtieTRe &7 Bt 2 i f?r%%ﬁ)‘?@nd” fng to the

pace bitmap, the systemcontroller proceeds to_a
addr68§t1‘éf51 w08 ¢ Qretﬁa@élfafdﬁhwbﬁr 06 0} e Curenthy EQ?OIded gluster next
this case, the disc 1 loaded is ejected without data

| followirg thclclngtdr drike adduwss Nica re¢ordedsbudtie space bi t map
has been updat ed in the cache nenory 60a, the space

i tRB RS NS VR aﬂfreatdiﬁm ?dl ﬁ%gytﬂeogé’ﬂﬁﬁd rtﬁlﬁigﬂgie Clusters

in a step F402 in the

aheadtfgﬁtlgggilﬁgéf > t he f ﬁe;ct l(ga (gﬁh.ls%eéﬁﬁo rchfﬁ%?i? fecg}cge'd, that is,
that the r(]:%lgr%gﬂ;/nre%o%ee al(:iﬁggsst IlzTa%aé hs% gellrsgeén glgap. It may further be
“verified that the gap has now been padded by the current recording. Hence, it may
be verified in the step F206 that the gap has become extinct by the current
recording. |

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



is to be ejected. 6-3 Updating responsive to command
from host The updating of the TDVMA on the disc 1
(additional recording of the space bitmap) is also
performed responsive to a conmand fromthe host.

Fi g. 20 shows the processing by the systemcontroller
60 in case a coomand has been nade for updating the
TDVA fromthe host. In caseqgthe conmmand has been nmade
for updating the TDVA fromithe host, the system

rcordE BR800y 3L SR SOEH ST 355, MASLLEH B e

menory 60a. Lacking the updating of the space bitnap,
of the ﬁﬁ%mfﬁ ek 1§32, Jot&ivfrianee e arddressiuThap tatthe gexh eluster is the
disc 1. This is tantanmount to the case in which no
write adigiress. r ecor di ng has been nmade on the disc 1 | oaded and
a command for updating has been issued fromthe host.

HfheC @rhsc‘ﬂr)frd(}ﬁ?r RRAAE Bl th ﬁﬁokiet%nr Bg@tcﬁga tﬂttﬁ@ Qddress

cacheé nenory 6 t he space map, |nc usi ve o

LRA, is additionally recorded in a step F502 in the

TDVA of the disc 1. This is tantanount to the

Eﬁoce55|ng of Fig.18 described above. 7. Processing
theegan Pangewd E%Mcgﬁnfgaﬂe d armkaspbesame eatibotiimthet step F104,

descri bed above, the TDVA on the disc 1 is updated by

the sygem gemteslids proceedexs ithe stepF105 36 wiieCtHeOspae bivmap/ LRA in
command fromthe 62 host.

the cache memory 60a at the time point, that is, the space bitmap updated in the step

F102, on the TDMA on the disc.

The processing in this step F105 is shown in detail in Fig.18.

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

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

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

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

of the first one cluster, the TDMA of the disc 1 is updated.

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



In particular, since the TDVA is updated by the gap
generation or extinction, a noderate nunber of tines
of the updating operations nay. be realized. Mreover,
since the TDVA on the disc 1 is updated responsive to
the gap generation or extinction, it is possible to
verify the matchi ng between the TDMA contents on the
disc 1 and the state of recgrding of the user data by
verifying the matching of tthe gap and the LRA on e.g.

ower r disc loading. In addition, if Lt is .

and R hafibPrn defpmtid ortognita et datsibnehipeierording the user
to previous power down, for example, it is only )

data of the| idysé ane; elusaratiee (IHaMbbarfethsi disepl is ipalated at a time point
correct state by the cache nenory 60a for restoration

directlycaftéraha writihg of ahe firdteslaster.i Thd ReoP@MRr ofSuRP ldMt0bf tHeSecond
disc drive device is verified to be inan on-state,

and thd GfpoWi@% f’éi:l'ﬁg}\e/gg ni\‘ﬁﬁ Iﬂ}é;ﬂ ictﬁﬁtihhgd.n'@fc RbAkeOfif Eh% %%p Lﬁ%,s been

carried I'S processing of

e.canried out not. o en the po supply is in L
generlgd F 5@, gtinfL Y ohe aendhnt Ohdha;sseond apd thgdollowing
the disc 1 remains |oaded, the power supply is turned

clusterss theahBPMAupkgudise llyistpdated. on, the disc 1 has
al ready been | oaded at such tine point, so that the

6-2 Uptavimgsatithg tiohie bf distlejestiggr fornmed. | f the disc has not
been | oaded when the power supply is on, the

m@%ﬁ%@a&g@goﬁ tnd 2ideet W Riti¥nRClecBEIbE e sPRS bitmap)

power supp g turne
. r enai ni n aded r rs,, both.to the case of the power
18 31305‘%&5? 08??‘% fg’& g &gg‘ﬁldzﬁc ©FEHgRi on but also to the

case of the accidental power supply off due to power

$ipdPyshovwse the proenssingaby dhe system 6dntroHet b0 imyestserof ejecting

operation or an error on the part of an operator such
the disadl froaditer disotdrive 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



extraction of a plug froma socket. First, in a step
F601, the | atest space bitmap or TDFL, recorded in the
TDVA of the disc 1, are read out and taken into the
cache nenory 60a. The latest LRA is present in the
TDDS of the |ast sector of the TDFL or the space
bitmap. In a step F602, it is checked whether or not
the LRA, read out fromtheﬁgi sc 1 and taken into the
cache nenory 60a, is matched in actuality as the LRA
t user data area of the disc 1. This processing
IStObg Q?E%}fyi ng the matching is shown in detail in
% 22. First, in a step F701, it is checked whet her
6-3 Um}a g regnpBsiNg $0 semmany figswhost ecor ded i n an addr ess
of LRA+1 (that is, the address next to the LRA) on the
ditkecupdating of ke AToNES Sinndheadist He (d4ddidonil rezoadigicngf the space
the user data is carried out as shown in Fig. 16, the

bnma@q@%fsdopéﬁ‘aﬁnea réégﬁmkﬁ/é {055 cORERaMP gﬁﬂhe 5 nsive to

he gap  generati or extinction, dress

unr,ecorded .in .this F7O
?RA 2D PRI BrasetsiRR Ay iy i fatiolér6Y T e a command
reason is that, for ex even if power supply
has begnmaadefor und ahl@gthaél@hggtfmm;theév@atred during the
recording of the recorded area #5 of Fig.15(e), the

Thidas¢e shelpdatmandhat becnmads fongpditing ege T Dffrom the host,
Fig.16 directly after recording of the first cluster

e syfr RonSeRE 9T eSS H Moo Gl BF e space
bitmap Has Bt s ﬂi)(qgted 1n%fr: %gé}ll n{e%rlcr)? &Sa.

Lackmg 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, however, the address of the LRA+1 has been
determned in the step F701 to be already recorded,
the state of LRA matching is not correct. That is, the
user data has been recorded next to the LRA which
shoul d be the | ast address of the user data. In such
case, the LRA read into the cache nenory 60a by the
steps F702 to F704 is repgyed or matched. That is,
in the step F702, LRA+2, LRA+3 and so forth are
actually reproduced on the disc, next to the LRA+1,
to search an unrecorded area. If the address LRA+n is
unr.ecorded area, the address directly previous o

Unepastisularpgince she TDM Anisvpdated Rx+the-gap, generatien or extinction,
i nherent LRA. Thus, in the step F703, the val ue of
a modetate inber dfhemeODSthe apdating bﬁetdni%)m anhe borealizedOa,

is updated to LRA+(n-1), which is the inherent LRA

h e gBnr di. ng; h £0r
R oy Shee T DA 0y REQNE 101 FRORER TR o the gap

t ip.th -hi t " in.a st F704,
generfifi 8F:stingflohaf, SRS Cr ot M tratthifisFriesrdhe TDOMA
into the cache nmenory 60a, is updated so that these
contengy g theedissr b apddheadatedeldrecording ebis asersdatady verifying the

processing of confirm ng the LRA matching. Meanwhil e,
matchitgpofifitagap and tiesERYAY oafe. g1 popweFdp drafisk fodding.s, after

host.

all, the updating within the cache nenory 60a, but
u 3 iIRat I tyhi '
dneaadintny AYRS JehIDI e R AE s o D lEved e o
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LRA to a correct state by the cache memory 60a for restoration to the normal state.

Hence, 1if 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 ﬁs the regular operation but also to the case

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



unrecorded area, and an address directly previous to
the unrecorded area is retained to be a correct LRA
The reason is that, in case the processing of Fig.16
is carried out during recording of the user data,
there is produced no unrecorded area (gap) between
the LRA in TDVA and the actual LRA, that is that, if
the LRA witten in TDMA opsthe disc 1 is not matched
to the actual user data recording state, the actua

. cessarily hecones the traili.ng end of th .
in the S350l GRERIOn P AT BERE oo e, Rt o6 ih RECTalkr 34ch as inadvertent
speci fied by the LRA witten in TDVA. If the
extrachppfsspig Bemasedkatng t he matching of LRA shown in
Fi g. 22 has been carried out as the step F602 of

Hfigst2in 4 heeps f06d, bhenagestt @ bitin@apt b TOFNS re@BrRY in the
60a, is confirned in the next step F603, in order to

TDMAX&S1 th d&@@&? ffe Radl hd 8aRnlintd BIALNGR I&l%l‘lft?i‘i/éé%dﬁ he latest

the space b Is to say, It IS veri

Y
the space Di her or not .the Xi st. one aqr,
LRA isdfeSR3E s T0PS S8Th Bioe Spotdf of e m DT oF the S hisrwap.
areas in addresses on the radially inner side of the
Ura step Bo92g s cheekadvbetharoraxit she bR A jeeadpatdrom the disc 1
bi tmap, the processing of Fig.21 is termnated. If

and takenviets ¢hey chélee aemmosy GOhainathttiedit abwalife as the LRA of the
processi ng of verifying t he gap matching is carried

userdé’ﬂétarhﬁoftﬁé%cﬁﬁodﬁ This is the processing of
confirm ng ether or not the area retained to be a

& BRI RGTELOE Vst 10 o i -V w8 Ih o talkin Eig 22
a.step F801, the leading end gap in the area retained
tarse1n 18eStgRPETRL, it is checked whether or not data has actually been

recorded in an address of LRA+1 (that is, the address next to the LRA) on the disc
1.
If the processing at the time of recording the user data is carried out as shown
in Fig.16, the space bitmap or the LRA has been updated responsive to the gap
| generation or extinction, and the address LRA+1 is unrecorded in this step F701, it
may be verified that the LRA as read out is correct.
The reason is that, for example, even if power supply interruption has

accidentally occurred during the recording of the recorded area #5 of Fig.15(e), the

TDMA is updated by the processing of step F105 of Fig.16 directly after recording

- of the first cluster of the recorded area #5.

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



the space bitmap in the cache nenory 60a is grasped.
In a step F802, the |l eading address of the gap is
accessed and data is read out therefromto verify
whet her or not the address in question is actually
unrecorded. If the address actually represents a gap,
the address should be unrecorded. If the address is
unrecorded, it is determ nﬁ that the gap i s matched
as on the space bitmap. The system controller then
roceeds,.to.a step F805. In the step F805, it is

the mz&%‘?ﬁn&l@gh%ﬁgyﬁﬁm&mﬁgt there is still left an
unverified gap in the area retained to be the gap on
thehaspenss, dia adgress of e LR &hiakibeenglgermsinesttinl the step F701
| eft, the address retained to be the next gap on the

to be @11@@&21}' Radon@ed,| thedRhRCOLUR A matchiPis RO cortBE:. SMﬁit%“ the user
controller proceeds to the step F802 to access and

ata EREACHER BB 1N KAYBRTP NG, BRI addes of e s

' unrecorded area. If, in the step F802, data has been
data_ recorded in the area retained to be the gap, the gap
on the space bitmap is not nmatched to the actual gap.
Hersoeh dase,tthe sRépseadsiigo ahel cB80e marheryp60a dysihessteps F702 to
mat ching the space bitmap is carried out. First, in

F704i§h§pﬂ&pofﬁg$¢hé&]e area retained to be the gap on the
space bitmap is sequentially repr oduced, begi nning

g SRR R R
_reproduce on the Eﬁescb nterjr{lta%b tile f}R (?i-dl,tt?) search an unrecorded area. If the
address LRA+n is an unrecorded area, the address directly previous thereto, that is,
the address LRA+(n—1), is the inherent LRA. Thus, in the step F703, the value of
the LRA in the TDDS, taken into the cache memory 60a, is updated to LRA+(n—1),
which ie the inherent LR A value.

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

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

This completes the processing of confirming the LRA matchjﬁg. 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



be a gap, the region downstream of the unrecorded area
is the actual gap. If the addresses X to X+N on the
space, bitmap is retained to be a gap (unrecorded
region), and in actuality, the addresses X up to X+(
N-Y) are already recorded, the actual gap is the
regi on corresponding to the addresses X+(N-y+l1l) up to
X+N. Thus, in a step F804, .Ahe recorded addresses in
the region retained to be the gap are updated so as

t.o.i.ndi cat.e pre-recorded, stafte on the space
LRA4? foll S Batdiale; 1IFRTE T SOl oy bRy dasearch an
generation or extinction, by the processing of Fig.16,
unreconded owea,rrord ae addrashalirectly pregigusdodbsimgeedrded gresis retained
the totality of the addresses in a certain region,

to be & ¢oheat UK. Thereasst g ﬁﬁ&is%sﬁleﬁ%rﬁceéﬁngb&ﬁg.m is carried
retained to be the gap on the space bitmap, are in the

out ddgi(rfg %%;b%ﬂfgd gf ;t@é gl’ger ﬁﬁoh th&R! it ﬁ%éﬁ]?%%ﬂﬂf&?ﬁ@@d area (gap)

es n occur In case

addr e X+( +1) h been found in the step F ‘as . .

- betwegp t ii%rlaeﬁbﬁ/ﬁ aemﬂ agipak ﬁrg’*A’rftl?éF eﬁ]ﬁwdﬁqtbﬁ i%A written in
: address X+(N-y+1) up to the address X+N has becone

TDMAeowrthedlisarld immot eatcheg thathesadivaljueen dgtabeamording state, the
generated. Hence, it is sufficient if, in the step

actualFE08A HecHSNRNPr Beomeyi ik | FaitR@’ Gild df the pRY+«drded area
fromthe addreSs X up to the address X+N, and the bit

consefildEoRP AR EIRE-GAEA BSRABTIEA J kRS MASRIAIS

er 1s correc cating the recorded

B AR A A 2 v

Meanwhi | e, the update processing of the step F804 is,
carriedfawr amlthe .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
inatchjng 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.



the updating within the cache nenory 60a, but does not
update the TDVA of the disc 1 at this tinme point. The
processi ng of verifying the matching of Fig.21,

i nclusive of the processing of verifying the matching
of the LRA and the gap, is carried out as described
above. At a tine point when the processing of Fig.21
has been carried out, the ace bitmap and the LRA,
recorded in the cache nenory 60a, are matched to the

recordi ng, st o) ctuyal user data on the disg 1. .
O36H (RS P61 e Wehiie RE Bad Bh o Receriathtngfl e the gap in
actual disc is wupdated at the timng of gap

the spaembitiiapoa thesaeke mrrnopno0disgraspedti on and a
conmand from a host, as expl ained previously.

Necnydepl RO, hlee pradins addgsefoffthg gap iRiccbssedand @dadvitead out
not only during the power supply on state (power

therefictﬂti kb ﬁqesﬁys&ﬂétﬁe% ot % gﬂﬁ%s% ih gﬁgzgg?% gsd ggﬁf;a%liy%ecorded. If

o"during the tinme t 'S

: osition.. Considering thagt t T IS .usually at ed

the adfifs AR TP A dab. BlectdBaes oo b8 Harechdtll
bi t map/ LRA i s necessarily matched to the actual
dé e addregss inupresprdady ét issdaterninedihen thehgaplismatchedras on the
the usual | oaded state. However, it may be an

space bueup. diessyishah donerollies théss pfouerdd tha diep Egest ed
during the tine the power supply is accidentally

B sk Bl bt IR gy goverte
esp 8 b PR 08 onB B, 1B v sop i
still lelft? the address retained to be the next gap on the space bitmap is detected in a
step F806.

The system controller proceeds to the step F802 to access and reprdduce 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.



carried out when the disc is in the accommvpdat ed

state. 8. Effect of the present enbodi nent and

nodi fication In the present enbodi nent, descri bed
above, the space bitmap/LRA is updated in the cache
menory 60a, responsive to the recordi ng operation of
the user data. On the other hand, the space

bi t map/ LRA in the cache negpry 60a is witten in the
TDVA of the disc 1 at the timng of gap generation and-

[ d..fr . St s
PSRBT A Pyl
in the | oaded st t he cess]j verifying
be a g%méﬁﬁﬁ?%‘ﬁﬂﬁ@"i’%swl 2&1 %uprew@ﬁq? e 1&689 éCt“@E &ap.
followi ng favorable results are obtained. First, since
hehe palressics n¥pfd. R+ Ns onetier dpake iitnivep TOMAtaimed tio be a gap
disc 1 responsive to gap generation/ extinction, the

SFMA ABiOAR HidSih ABMalBAehaRldreie )@@%aﬁ;e 99 drB&lr
(umecrecorfﬁgrllg )Srocess Tﬁg?pls theeTDIS\/A pd;?e 1?9 eady

oS a0 P R S 51 o

, ommand fromthe host. In this manner, the area for
toX lﬁhe managenent information is not wast ef ul | y consuned
because of the excessive TDMS updating, while the
dédrispah afstep & 80dn thdaradorded taddeedses ie ¢ine régonpataned to be the
bi t map/ LRA and the wuser data recording state is not

gap aré‘@%ﬂﬁfddl' do/ aPicPiniicAte thél t!?e-&ébdrﬁé& istdt€ bAnthe -EEQ& Eﬁma

updati ng. Moreover, since the IS updat on th

‘Mégn\}'hﬁ& 5B 9L %rlﬁ{/i& s ?deated by gap generation or extinction, 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 prerecorded 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



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
(as indicated on the space bitmap) or the LRAis
coincident wwth the actual gap or the actual LRA on
the disc. Lacking the matching, it is sufficient at
such tinme point if the TDMjgis updated for achieving
the matching of the LRA or the space bitmap on the

h a.rhe result is the facilifat .
as desGABEE abPRE WS ARYlen e, BiteirroRete i o b et FEQ4 s, after all,
deci sion as to matching. Since the processing for
the upgatipg ywitlgin: the ¢rehenmsgiasy 693 et doss notrupsiato dhe RMA. of the
the power up, in consideration of the possible error
disc 1 @odrstimhepong) in the managenent of the recording
state, there is no necessity for providing special
R &G Hag i i Bhe #r S
TR AEOL RIS S Y RUSHEE R pRRENRE TEER 1S HICANESOf the
interruption during data weiti If _the processing.
processthe L iPig e, Wat Bk, 5t dhe g Ao imi il SE5CRT pridipd out as
.out when the disc is in the accommbdated state, it is
describekabe¥e to restore the matched state, even in such
case where a disc in the non-matched state,
| Axeatl tieret paoink wHeor thecprotesding eif #ig 24, hasrbeendiseictiantethe space
to be ejected by another disc drive device (another

bitmap! WM O LRAL GBI WRABECcAcheS Rdthed Bk, agel ﬁjia?]&lfed to the

present enbodinent), is 71 loaded in-posifion.

record%?%é%h&? 8f a@fal Ber 2R BRALE sl f OM the operation of the

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
pdwer supply on state (power supply on state with the dise 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 1is 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



enbodi nent, there is no necessity of saving the
pre-update TDMVA information, using the non-volatile
menory, in consideration of repairing the non-matching
die to accidents. In particular, in consideration of
the frequently updated information, such as the space
bi tmap, the use of a non-volatile nenory, in which
limtations are inposed oggthe nunber of times of
rewiting. In the present enbodinent, this problem

ma e resolv ecayse there is n ecessity. for . .
power SRRl e Hish L08ieREre e ARRERyenGHL ol Brosdrdingoof Bie21 s
_ the device may be |owered by dispensing with backup
carriedreahwhen the Hiscsipan ¢ho acempnicdatedsiate.as non-vol atil e
: menories. The explanation of the disc of the preferred
enbodi nents and the corresponding disc drive device
has been nade in the foregoing. The present invention
| ﬁ&y@ Wy : odi rents and may
S'Ef&%%ﬁgrLs %§§Pﬁ%@@OHHggbfgggﬁygﬁgégFiﬁgut departing from
he ,scope of the i.nventiqn. For exanple, one instead .
398t RISt Hemgag )R Aricebedndboe gap SRCPnBITGRLRA is
may be used. Although the recording medi umof the
updategh imsthetcache enttinony 68astgspossivetto the recording eperation of the user
singl e- or double-layer disc, a disc having three or
data. nore recording layers nmay al so be used. The present
invention also is not Iimted to a disc type recording

SR DL DAY, BoPaBE AR A f Polbacte SR TSR written
in the lr%@/g& %ﬂﬁg{ Zl\ti,ﬁoch) S;é%g ttirll‘r(leinfgog)te %glpngénctrgt?o ra%scleg§(tinction, disc

gjection 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 thle‘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
updafed 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



system accessible at random by enpl oying the
witten/ unwitten indicating information (space
bitmap) in a wite-once nedium in which the
managenent information including the witten/
unwitten indicating informati on (space bitmap) and
the last recording position information (LRA)
i ndicating the last positiagg of the user recorded
data nay be updated at an optimumtimng on the disc.
updatiE at is, the nmanagenent information (space bitmp or
A) on the disc may noderately be updated in the
recordi ng process, in order _that the managenent .
iMperaveri smcaeicnEDMiAdist apdasad tore the descr &dpbgepgenesation or
the occurrence or extinction of the gap (non-recorded
extinciopathei matching detwbemtheotonteats.GRTDMA on she discsy ahdrthe state
operations, the area for the managenent information
of usep KaPkodaliy Py ERHIRA BT IERle WIRMESERS! YRe sop (as
g ween t he nagene [ rmati.on. and t.he user, data
indicaftf §5 7, 5Pee. PURTDS o thatdr Bt §6qinoigeat mally e el s or the
insufficient updating. Mreover, since the TDMVA is
actual JduAtatherdisee di sc by gap generation or extinction,
.the mat chi ng between the nmanagenent information and
Thekiigtie ahatehétig, dakasuf@icimi atgswaly tinge goidi gt MDMA is
- detecting whether or not the gap in the nanagenent
. O ra ( L .
updatdde it AHiL A A RARIEAL O (00 LRA, PPIES s Bl PRI oh e cache
memoLRf'%pon the disc. Lacking the matching, 73 it is
EiPFfcient at such tine point if the managenent
' information is updated for _achieving the matching of
tIie 1eRultols theefasgatedopraegpsingHer coping wWith thee non-matching or
facilitated processing for coping with the
the decisioma whinagehing.

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 matched
state, even in such case where a disc in the non-matched state, inadvertently forced

to be ejected, or a disc forced to be ejected by another disc drive device (another

device on which TDMA update is carried out as in the present embodiment), is



the decision as to matching. O, in power supply on,

t he above processing is perfornmed, whereby there is

no necessity for providing special restoration

processi ng as the processi ng agai nst possible

troubl es, such as power supply interruption

Mor eover, there is no necessity for saving the

pre-update managenent infenmation using the

non-vol atile menory. 74 CLAIMS 1. A recording and/or

jng apparatus for a recording nediumin a

loada$§$§é§g§%é recordi ng area of which allow ng for
iting.data once the nmanagenent information and the
§e|ad5%f%araé B0 Be d APAMEDL n [igmn c Fhe hepaxatipnerf the present

unwitten indicating information indicating whether
‘embodiateat htherbasmaewriectssity ofesniinglahe preltpdate EfFDMeAsinfarmation,

area for recording said user data and the | ast
using FIRCAGAIVIIatIRSInehity! Th QOEBIdePation BEirEFAi h%@ Endifhatching di
' £ posi tion of recordyng of the récorgedﬁise égia arezlcmg ©

g rded as said managenent information, said
toacc%%é ratus conprising: a recording and/or reproducing

&nit for repording and/ or _reproduci ng data for said

B Ograswgrsacensideratiogrofgihe siequensly ypdatgegeingormation, such as

managenent information read out fromsaid recording
the spaeeli bitmapndha wsmntafoh| sonfolatiledatemoryt, hie edutknlimintions are

the nanagenent information stored in said recording
_imposédidn thESRAABEY Bft GnRYCSHLERNR, IRt fod ‘f)?gs:]egl't ;Eglrlﬁéfdiment, this

said recording and/or reproducing unit,

.probleﬁ?ﬁﬁ{)p gesr%isgl\;eﬁf: %Egét?s% &1%% 9§ no® -éc%%gﬁjiz e lﬁ?ﬁr&g b non-volatile
memory. Of course, the cost of the device may be lowered by dispensring with
backup means for the space bitmap/LRA, such as non-volatile memories.

The explanation of the disc of the preferred embodiments and the
comresponding disc drive device has been made in the foregoing. The present
invention is, however, not limited to these embodiments and may comprise various
modifications without departing from the scope of the invention.

For example, one instead of both of the gap generation and the gap extinction
may be used.

Although the recording medium of the present invention is supposed to be a
- write-once single- or double-ayer disc, a disc having three or more recording layers
may also be used. The present invention also is not limited to a disc type recording

medium and may also be applied to a write-once medium other than the disc.



record the managenent information, stored in said

storage unit, on said recording nedium responsive to

generation of an unrecorded area in a range up to a

| ocation on said recording nmediumindicated by said

| ast recording position of said managenent

information. 2. The recording and/ or reproducing

apparatus according to claiqm 1, wherein said

controller is responsive to extinction of said

unrecorded area in said range up to the 75 | ocation

i ndi cated by said | ast recording position information

t o, cause i.d recording and/or reproducing unit to
Indump@ééHHiFW®1 nagement information stored in said

storage unit on said recording nedium 3. The

réeg onaly bg wmdbrstoodefrond ths foregpingy, dhe presamridventidmo provides a

claim1l1l, wherein said controller executes the

systenR] @eeesible af @adbhd, ™ geiﬁgﬁ_‘)ﬁ%"g_ Bhe NOitteA Ginvtdtten indicating
recording position information-in the managenent

. ' [ QN out f sal d recoerdin i and

infornigtH TRARCHIFAHE g TR Rl NP WIREH 1R Fenagement

) posit| ori af t&gﬂ recorded user _data on said recording._.

informatn jpchading tenwirdiond unygaden AdicAEng daformatiosy Gpage bitmap)
position information in the managenent i nformation '

and thstlastacondingi phsisow imfgemanion (LR Axsediciting therhisc posigion of the
4. The recording and/ or reproduci ng apparat us

user ré&cided] diffa ifa g kRl Mpdatedae @ Blglﬁﬁ‘iu?n tﬁﬂi\?\%’ &h tBE disc. That is, the
executes the processing of confirmng et her or not

mana 0 TR oPASE PRANTE BT OR T G ety e

i pformati on_read out fromsaid recordi ng medi um and
updated g} B1p FesORding Procgsade oiden that themanagemsns anigrmation may be

unrecorded area on said recordi ng nedium said
updated on the disc responsive to the occurrence or extinction of the gap

(non-recorded area) in an area ahead of the LRA. That is, in system operations, the
area for the management information is not wastefully consumed because of the
excessive updating, while the period of the non-matched state between the
management information and the user data recording state is not wastefully
protracted due to insufficient updating.

Moreover, since the TDMA is updated on the disc by gap generation or
extinction, the matching between the management information and the state of user
data recording may be confirmed by detecting 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,



controller updating the witten/ unwitten indicating
information in the managenent information stored in
said storage unit in case of non-matching. 5. A
recordi ng and/ or reproduci ng method for a recording
mediumin a wite-once recording area of which
allowing for witing data once the managenent
information and the user data are recorded, and in
which the witten/ unwitten indicating informtion

sl REL: [ elher a n_W i Ne i N h. d :
it is syRRER E P ICadE, 088 e IS AABRe bt Htoshelff o Bblarea for
. data and the last recording position information
achievipg themateghingof| the LR rithe $pace PEBWII ng of t he
recorded user data, are recorded as said nmanagenent
iTHeoresulti Bnthesticilitattdhprboeesipgi firnaiping svith thé nomadianching or
out the managenent information from said recording
the déB§ibH™ad Qb ﬁia‘?élﬁﬁg. ICh, aiPS?BWes 1&,1;;0& ﬁi@%b@(re_%rocessing is
updating the conténts o he manadgehent” i nformation
st oy ed i n Sai storage unit,.responsive.to execution .
perforfjed pReReR thes oo eIt edBF ariy Iinga i iAanfryoration
managenent information recording step of recording the
procesgigaisnihe  ProgesHingt agmnstt @ﬂéab?m tsentdest suelyasupower supply
on said recording nedium responsive to generation of
interrgtiamr ecorded area in a range up to a location on said
recording nediumindicated by said |ast recording
fdd [ t : [ j [
- DTEORR, (LR B MRS SE P RRAGRT e, pr8 yRNER, ruagement
infors ﬁ{oduciqﬁ nEtDﬁﬂ%? cording to claim5, wherein said
IIOTMA L RHBRL T AP Tt B¥8¥ding step is responsive to
' extinction of said



unrecorded area in said range up to the |ocation

i ndi cated by said |ast recording position information
to cause said managenent infornmation stored in said
-storage unit to be recorded on said recordi ng medi um
7. The recordi ng and/ or reproduci ng net hod accordi ng
to claimb5, further conprising: a step of verifying
whet her or not said |ast rggording position
information in 77 said managenent information read
out from said recording @Rh%@ and stored in said
storage unit is matched | ast position of the
recorded user data on said recording nedium and a

1. A reprdingnenddoeperspdugiagtappgraas dor agecording micdgupdsia weite-once

information in said nmanagenent information stored in

recordbag drest of wgRhualldwing Raserisiapdiaebhéy trgnsibapefest information
verified non-matching. 8. The recording and/or

and tl{ee Ris@dyGhD giré'%@@fheﬂc R 1‘? OwhflrC i % RitedM bhB&itten Andicatin g

conprising: a step of conlrmng et or not sali

unr ecorded. are e by sai. witten/ unw i
informAiat AV EIHEE O RS PRED Vi @%%ﬁ@cfr Aty e i Teast an

read out. from said recordi ntg medi umin _said recording

- area forefecanding: snidd user ghital andrthgelaghirecprlingmpesitiont énformation
sai d unrecorded area on said recordi ng nedium and a

1ndlcaﬁh$ﬁhef1aﬂp§@§1tloﬂ dtheecordinigesf thinveddriled usedidatd angrecorded as
ormation in the rmanagenent information stored in

said m\?ligrhg? fﬁgﬁrl‘rrrig@w 52‘91& appasihd cYRprsyAd9 step has
a recording and/or reproducing unit for recording and/or reproducing data for
said recording medium,;
a storage unit for storage 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 unjt to
record the management information, stored in said storage unit, on said recording
medium, responsive to generation of an unrecorded area in a range up to a location
~on said recording medium indicated by said Iasf 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



78 ABSTRACT In a wite-once recording nedium an

opti mum updati ng of the managenent information and a

sinpl e mat ching processing are to be achieved. To this

end, in a systemof a wite-once nedium rendered

accessi ble at random by enploying the wite/

non-wite indicating information, the managenent

information, including a ggace bitmap and the | ast

recordi ng position information (LRA) indicating the

. YOy i ti.on d i s. t .
locatidf Shai i) WP Lo LT FRERARES SHIort Rl RidiP 48! Muse said

extingtion of a.gap (unrecorded area) in a.egion. .
recordig 400G TEREPARATE Ureltsfarded ane m&%&%e%éﬁ%&aatm stored in
: managenent information on the disc and the recording

said storageeunit onsaidiszmordigamiediwonf i r med, responsive to the

updating of the managenent information on the disc by

3. Thé hecoiany id/6P réprodcinie hppiratis db@ramy td cldifie 1, wherein said
managenent information, by detecting whether or not

: inf i ( 2 _
contfF 4384 50 Gro TRUPRETP P e (0t TR Hcorcing
..the gap ar the LRA on the actual disc. Lacki t he e
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recorded user data on said recording medium; said controller updating the last
recording position information in the management 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 is matched to said unrecorded area on said recording medium; said
controller updating the written/ unwritten indicating information in the management
information stored in said storage unit in case of non-matching.

5. A recording and/or reproducing method for a recording medium in a write-once
recording area of which allowing for writing data once the management informatioh
and the user data are recorded, and in which the written/ unwritten indicating

information indicating whether data has been written in each data unit in at least an
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area for recording said user data and the last recording position information
indicating the last position of recording of the recorded user data, are recorded 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 ron 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 satd recording
medium indicated by said last recording position information of said management
information updated in said updating step.

6. The recording and/or reproducing method according to claim 5, wherein said
management information recording step is responsive to extinction of said
unrecorded area in said range up to the location indicated by said last recording
position information to cause said management information stored in said storage
~ unit to be recorded on said recording medium.

.7. The recording and/or reproducing method according to claim 5, further
comprising:

a step of verifying whether or not said last recording position information in
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said management information read out from said recording medium and stored in
said storage unit is matched to the last position of the recorded user data on said
recording medium, and

a matching step of updating said last recording position information in said
management information stored in said storage unit in case said verifying step has
verified non-matching.

8. The recording and/or 'reproducing method according to claim 5, further
comprising:

a step of confirming whether or not said unrecorded area determined by said
~written/ unwritten indicating information in the mapagement 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.
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ABSTRACT

In a write-once recording medium, an optimum updating of the management
information and a simple matching processing are to be achieved. To this end, in a
system of a write-once medium, rendered accessible at random by employing the
write/ non-write indicating information, the management information, including a
space bitmap and the last recording position information (LRA) indicating the last
position of the recorded user data, is updated on the disc responsive to the
generation or extinction of a gap (unrecorded area) in a region ahead of the LRA;
The state of matching between the management information on the disc and the
récording state of the user data is confirmed, responsive to the updating of the
management information on the disc by the generation or extinction of the gap in
the management information, by detecting whether or not the gap in the
management information (gap indicated by the space bitmap) or the LRA is
‘coincident with the gap or the LRA on the actual disc. Lacking the matching, the

management information is updated to match the space bitmap or the LRA.



