1 21 November 2006 Method and device for writing a multi-layer optical disc The present invention
relates to a multi-layer optical disc having a multi- layered storage space comprising at least a first
storage layer and a second storage layer below the first storage layer, and to methods of writing and of
formatting such an optical disc. The invention also relafes to a disc drive syst&%@%ﬂ?&'ﬂﬂéﬁ%@%ntmg such

an optical 5 disgepg dRuaifles RSN ResInaddps Wideating with such a disc drive system. Optical
discs in general are known. Optical discs, in general, have a storage space which physically has the

shape of a track, either in the form of a plurality of concentric circular tracks or in the form of one (or
more) continuous spiral-shaped tracks. Data can be 10 written on such a track by means of a radiation
beam, such as an optical laser light beam. The optical beam changes certain properties of the disc.
Writing occurs at a specific storage location which has a specific logical address and a specific physical
position, which can be expressed in a suitable coordinate system, for example, polar coordinates (R, 4).

A specific class of optical dﬁpe?pg%stgﬁ i(;,l@érrﬁ &f mH[gglgygfﬁgtg@9§r§;PgQa@§,Stp,qa\;l,ﬁgea(ﬁmg[e dual layer

discs. Such discs are for instance used in DVD-systems. An essential feature of such dual layer discs is
that, at a certaWﬁ"ﬁ?sﬁ@é?gﬁﬁ?f@rF?ﬁpﬂ?'Wa%'?ﬁihaﬂér SPFREROF AMEUE W ASFSARSEHNEYE WEAtions located at
different depthselbwtthe fDHDM@F@,etW@lear&lerwﬂﬁebem stﬂtmgarhdccﬁtfonﬁahmg rsgcthaﬁ@mﬁlpolar

coordinates (R ta dlff ren d will bg |catedp q %|n tes f wher inz Is either 1 or
He hIenGnR o 1R estoa r (? HLRIEFor tlh 54 han %
2, indicating the rst or the secon ayer. Ih h olo\//\nng t estorage ayer closest’ e light

receiving surfatiecofrthéo affilksaydisn dﬂﬂlwmrcﬁﬁ@wgmh@ﬂmtfaymhc&dtsp %Wéﬁmh@reas the further
layer will be indicated as the second layer or bottom layer. It is to be noted that the two storage locations
above each other, that is locations at (R, 4, zl) and (R, 4, 222 respectively, have different logical

addresses. 25 As mentlongﬁtﬁé*&‘écs\ﬂﬁg?ﬂaré{é”% 'Wﬂ‘ﬁ’@nQH s dispridhpEReRb oL SRE8ties of the
storage locatiapaaaigen phgsigatliipaasare snasteofroraekeiterial iheitriehoferiing otherephchl

transmissivity and reflectjvity of s ch Loca lOI”I chan €S, Thi li spe aIIy in the case
of a disc made’ ﬁorﬁpéraﬁgs% ¢ %ng% ma\;‘gﬂgl H@p zca%nelﬂuﬂslﬁ%'vens]%a erS%'? T;?aﬁgée) rrCPaterlaI of a

blank dusé%awmdﬁ@naﬁmtea becinyrmeansigfreotadipiieiseeamdsobaagasopticsidaseydigiiiheaphdde under the
influence of a WHIIAPYARRCRERYE certain properties of the disc. Writing occurs at a specific storage
location which has a specific logical address and a specific physical position, which can be
expressed in a suitable coordinate system, for example, polar coordinates (R, ¢).
A specific class of optical discs is the class of multi-layered discs such as, for
15  example, dual layer discs. Such discs are for instance used in DVD-systems. An essential
feature of such dual layer discs is that, at a certain physical position (R, ¢), data can be
written at two different storage locations located at different depths. In the following, two of
such different storage locations having the same polar coordinates (R, ¢) but a different depth
will be indicated by coordinates (R, ¢, z), wherein z is either 1 or 2, indicating the first or the
20  second layer. In the following, the storage layer closest to the light receiving surface of the
optical disc will be indicated as the first layer or top layer, whereas the further layer will be
indicated as the second layer or bottom layer.
It is to be noted that the two storage locations above each other, that is
locations at (R, ¢, z1) and (R, ¢, z2), respectively, have different logical addresses.
25 As mentioned before, when data is written into an optical disc certain
properties of the storage location change. Many discs are made from a material in which, on
writing, the optical transmissivity and optical reflectivity of such storage location changes.

This applies especially in the case of a disc made from a phase-change material. The phase-



For such discs this means that, if a disc has a first portion which has been written and a second portion
which is still blank, the relevant optical properties of these two 5 portions are very different. In a single
layer optical disc this does not pose any problem. However, in the case of a dual layer disc this could lead
to a problem when a write or read operation is perform@d to or from the secorfd I%{%?’W%%O@% first layer

is partly blank gpg a@ﬁﬁﬁ'kﬂﬁ%@ﬁ%ﬁ’m@%a—&hﬁﬁ@@rﬁﬁ@BQ‘?&%‘P%@M&IW%MH@&M@@BQ or reading
the second layer the optical beam must inevitably pass the flrst layer. If the first layer is optically not 10

homogeneous' Y83 ABIEHAL G AsE LT His Y Bethy Bk HrR BsFRPHRitten, the optical properties of the
focal spot (for example, S|ZanlsaiibU|E¢enﬂstyt)eah$hlaadelmm|@é thae 5ﬁmmdrtlalymwﬂ1l haryediie to the varying

ransmissivty apRU TSGR ISR HIPIR A0 WIHSSIARIB S5 cl HIRhiens go mentonec

above occur especially when ayer Is 15 partly blank &en written at least
once, a fuﬁhemwmww@rmrmmr%tl@ﬁ@@gwéheawtmudl@ﬁﬁng@om nefrpossieslvtPbIaE reflectivity and a

write process @fovEGadiPliRcess & QBJQPII\WP%@@%QE'O@M%M% '&%ﬁ%ﬂé?ﬁ\ﬁﬁ(ﬁ%%#é’dﬁ%:{wmber of times

that the first layer has been written as long as the first layer has been written at least once. Therefore,
one solution tPBYEHSHTPERIEA-PhERILINEFSSAOFIEHETYGRR B TSHIBYSER a4 RIATtE B9dIB%ion on the
entire first layerantiyitogh farittsiaride cumemydofstovdhbofol ok, e éistiliaiygronvieiing tiasdcshac is used for

the frst ime. IRESIEL SN AL LRSI PRIl BE A End 08 Mg et g g cannot use the
disc. A main obj Ctive of the present inventiorri provi method for wri i |Iayer optical
disc and 6 prd\m@@mnm@oammbemueemfmlmmrlhy@ampmnam@ognﬁamﬁm]mdbove problems

are avoided WBH@péh‘i’é@Ghﬂé%éﬁl@SM@{%}GJ%d@@QQM |ﬁtéﬂ§ﬁ§?)%tfﬁfelé%ﬁth°cﬁ%é@&%@ JP 2000

285469, writing into the second F%/éar is prevented until the first layer has been written. This prior art
document destYBEW R0 GHAGOHE MARIROFansEISR) & AN ‘%fl‘ﬂ?'tﬂ@rpé RAFITH e oF tsdS&eond layer.
According to aukaysfeatargfedtthe present invention, it is also possible to allow writing in a portion of the

second layer as soon as a_l%orresﬁgﬁl]glglsgnp t(l)%ré ftgve flr(':%tulra er Iaahs e;] n}tl%r,g IAs mentioned above,
each individual storage loc 61 has a unique |og|c BP gd)ress aﬁFFogl&'aW resses ?g ether defining a

logical spldce. WetibrbRikst idtustkaydr Bas bagowsitieeatdeeonce, a further write operation Wlll not
effect such a drastic change of transmissivity and reflectivity and a write process or a read

process to or from the second layer will hardly be affected by the number of times that the
first layer has been written as long as the first layer has been written at least once.
Therefore, one solution to overcome the above-mentioned problem might be to
20  perform a write operation on the entire first layer, writing for instance dummy information
into the first layer, when a blank disc is used for the first time. However, such an operation

will take a very long time during which the user cannot use the disc.

A main objective of the present invention is to provide a method for writing a
25  multi-layer optical disc and to provide a writing apparatus for writing multi-layer optical
discs in which the above problems are avoided while a blank disc is nevertheless immediately
available for use.
According to JP 2000 285469, writing into the second layer is prevented until
the first layer has been written. This prior art document describes first writing the entire first
30 layer and only then allow writing of the second layer. According to a key feature of the
present invention, it is also possible to allow writing in a portion of the second layer as soon
as a corresponding portion of the first layer has been written.
As mentioned above, each individual storage location has a unique logical

address, all logical addresses together defining a logical space. When a disc is blank, all



logical addresses are basically available for writing. In practice, writing to an optical disc is usually
performed on request of a user application or a computer program which sends a piece of data (such as,
for example, a file) to a disc drive, ordering the disc drive to record the data onto the optical disc. It may
be that such an application or computer program is des@ned 5to select a spe%?ﬂﬁb'%@"@%ﬂré’(@@?ess for

writing, from thggpgicabrddiess Emlﬂﬁiﬁ’éﬂ% it vﬁ@ﬂ%“ﬂgpﬁ‘a@&l&%ﬁﬁ%’ %an @ﬁéh‘?%l“s@@@“cat'on or
computer program may select a logical address corresponding to a storage location located in the

second layer Wi e TEUREd 08 A ERHESTPLAILSRE ARRICAINR &% HEURRNEHRRIBM MRS End, the user
application or piecapétitgighas) tjﬁleeaiaibrehasmey)tmé(ﬂmalm andstaiy shdeliad siddd e rogirdahelisc, such

as 10 the fact yhethes gt %8%|§Pﬁgas’8kﬁ$ﬂ%re & dHAlIRYE 'ﬁlon%‘?éh%datg g r%ﬁs?&él?t e first layer

of such a dual ayer ISC IS 'St ore a user app iéation of ¢ uter program endlng data to
a disc drive an@ seque%mﬁglmutﬂggcdta@cgpedﬂt%ttmoﬁcy@ﬁ@rwwcmddmswee@e aeaiighledwith a view to

the abOVe'me@B@Eﬁ?l&r%ﬁ%gﬂﬁdéﬁfésatﬁ@rﬁE@raBB%‘a‘rh&ﬁ HF%d?ﬁ?%‘ﬂbfﬁg?dﬁﬁ'%;}%d%&%@g?cﬁo'Ut'on to the

above- 15 mentio problems which is compatible with existing user applications or computer
programs, witf9dIETREHEEPARY IR A SIaRed terUaR P e R RS AR A WY O B omputer programs.

According to actirsispspdiaty @frihemeeembtryeebaenwmeokmtmecabémum thetbesggondiiayer is defined as
being defective until at Ieasta ortlo of the fir W}/(tarh een 20 dg%n Morelg euﬁcga%/ a write
€ optica

uter ram ene has no, infor tus details 0
operation to a porP e se das¥orage layer loca e be ow a mal en pdﬁtlon o?(fhe (flrs storage layer

is preventéd bWaé&mmgeﬁaﬁdommdne obtedtidise tondusldeagredisy anddhib Eseiyietesstivenonteditihg to a
second aspecigfthg RI&?’&BE&P%@F'B@&W%MP@WW@F@%% REPIENRAHDA & Wit RReration to a portion

of the second storage layer locatéd below a 25 maiden portion_of the first storage layer by defining said
portion of saud%&%@ﬁﬂ%ﬂgiﬁ%éai’ﬁ%@ HEoEIME BEERHER NRE IR %Saﬁﬁm%aiwéﬂf%ﬁ%lbde of blank

addresses andmgrmme@myse@m/mﬁﬁe/i@wtwméamﬂ@\)gsdéﬁp@na@grtim@mrsf,ormatlon Is used, either directly
or indirectly, when allocatin nga I%gﬁ ddr in res Otfc% rlte commaqd Ionqw theb second

&r o0l the FedRnL IRV € a0
storage layer is defined as a Ged Tile dntialleasts portlon REofrate orage Itayer % Aag'Been written.

These arid oth@eraspedtpr@amﬁemahdsmvmat&@ewm thésipre seertappiénationswiicamepfiiether explained by
the following dg3erpHON AR RTEf LIRS EMPAAMMERE O FREASHARY user applications or computer
programs.
According to a first aspect of the present invention this object is achieved if
the second layer is defined as being defective until at least a portion of the first layer has been
20  written. More specifically, a write operation to a portion of the second storage layer located
below a maiden portion of the first storage layer is prevented by defining said portion of said
second storage layer as being defective.
According to a second aspect of the present invention this object is achieved
by preventing a write operation to a portion of the second storage layer located below a
25  maiden portion of the first storage layer by defining said portion of said second storage layer
as being occupied. According to an embodiment a table of blank addresses and written
addresses (write history table) is kept, and this information is used, either directly or
indirectly, when allocating a logical address in response to a write command. Now, the
second storage layer is defined as a used file until at least a portion of the first storage layer

30 has been written.

These and other aspects, features and advantages of the present invention will

be further explained by the following description of preferred embodiments of the method



4 21 November 2006 according to the present invention with reference to the drawings, in which
corresponding reference numerals indicate corresponding or similar parts, and in which: Fig. 1 is a
functional block diagram illustrating a disc drive, Fig. 2A and Fig. 2B are schematical cross-sections of a
part of an optical disc, 5 Fig. 3A and Fig. 3B are diagrafns illustrating a storag@éﬁ%‘@é“@?%zg%l layer

optical disc, Fige4f\inpofii@: fEafaiaaismil s aieg 1B HOIRaRRRARARH & Soabipysdiifptical disc, Fig.
4C is a schematical cross-section of a part of an optical djsc, 10 Fig. 5A and Fig. 5B are diagrams

illustrating a stETaGEEIME I ARG R FETIRE I GRE RN PAGS il WAl illustrating a storage
space of a dual layer optica#igidds dfufdgomal blscheiapaticallyshows aeisyantgomponents of an optical

(oC drive: Jenerally Ind cakeg IX (RIFERNSR BN ahd e SRRl R e L Fariinep geen i
means (not shown for sake oq convenience for receiving an optical disc 2, And rotati g means 3 for
rotating the optical disc 2 abl pradetkrigiR&dere titgisaisIpesthtimpe ststatngraseehs Bahlayase adapted for
constant angulayi¥gl@giy drive, or for constant linear velocity 20 drive, or a combination of such modes.

Since such receiving means_and rotating means are well known in prior art, it is not necessary here to
explain their design and fulidgdHy i detBiaa SIRIRSM AEFAILTOTaPe SR P AU BYETprises tracks

for writing datapptévatidgdften data can be read from the tracks. The tracks may be implemented as a
plurality of 25 separate, copcentric CII’Crl]J|aI’ {ra(fks but a\Iso aTSéaCP%?tS&C?urt‘trl(g@%:%‘%SOf a unigque, continuous

. 4 0SS- .
spiral-shaped track. In the cotitext o ﬁ%eepmraegceanf rlcr)ls\?esr? |6?1r,] fh ype 0 IS no%’lmportant. For easy

referenceélthe term "track” Wil hAraiddfierifearseida@indidatietirReostentge peatiopl adgelrtaseling (and
possibly writing)¢ajaiRy griical means, the disc player 1 also comprises light beam generating means 4,
arranged to scan the surface of the rotating disc 2. 30 with an optical beam 5 and to derive a read signal
SR from the reflected beanT ISR ANAHRET (ISR Ropssrtiaia duhdneerHihdisser diode. The
light beam generating means 4 comprise an optical head with an optical lens system, typically comprising
a collimator lens and an objective lens, not shown for sake of convenience. Since in general such light

beam
15 Figure 1 schematically shows relevant components of an optical disc drive,

generally indicated by reference numeral 1. The optical disc drive 1 comprises receiving
means (not shown for sake of convenience) for receiving an optical disc 2, and rotating
means 3 for rotating the optical disc 2 at a predetermined rotational speed. The rotating
means 3 may be adapted for constant angular velocity drive, or for constant linear velocity
20  drive, or a combination of such modes. Since such receiving means and rotating means are
well known in prior art, it is not necessary here to explain their design and functioning in
detail.
As is commonly known, an optical disc 2 comprises tracks for writing data,
and written data can be read from the tracks. The tracks may be implemented as a plurality of
25  separate, concentric circular tracks, but also as consecutive turns of a unique, continuous
spiral-shaped track. In the context of the present invention, the type of track is not important.
For easy reference, the term "track” will hereinafter be used to indicate a 360° track portion.
For reading (and possibly writing) data by optical means, the disc player 1 also
comprises light beam generating means 4, arranged to scan the surface of the rotating disc 2
30  with an optical beam 5 and to derive a read signal Sg from the reflected beam. Typically, the
light beam is a laser beam generated by a laser diode. The light beam generating means 4
comprise an optical head with an optical lens system, typically comprising a collimator lens

and an objective lens, not shown for sake of convenience. Since in general such light beam



5 21 November 2006 generating means are well known from prior art, it is not necessary here to explain
their design and functioning in detail. The disc drive 1 also comprises a disc drive system 10, designed to
control the rotating means 3 and the light beam generating means 4 for performing a write operation at a
5 certain location. In Figure 1, the disc drive system 10 % illustrated as having @n'\iﬁkﬁﬂf‘@.ef ?Qfg)?eceiving

the read signah SRrFHGTHRERQIR IBR KiskAHHREMR TPiisblusiaen aphayipg Rifissiputput 11

providing a first control signal Scr controlling the operation of the rotating means 3. Furthermore, the disc
drive system 169 AM HadiauLRAE!second output 12 providing a data signal Sd to the light beam
generating means 4. The dige discelsysteasd Cobipstmwiatstribasyatshirth pddgighdddaoproviting a second
control signal Scl for the laser m. ti ns 4. As,will be.clear to a per illed in the art,
s control s AR A R B A o BEATR BBE SRA E e et
location of thecesigét lopaioand higwittothsigiral dovesistemn d8nsdl kstiped eebartradlidyithet déden of the focal

spot. The data sigRgifd ?d&%&ﬁﬁﬁé%%lﬂfﬁ’éfﬂ%ﬁ&@h@oﬁ& Hﬁ%ﬁ%ﬁ?ﬁ 108sqniisiteiss Radiign 15 all, the
c

disc drive system 10 determines which data to write, and at what physical location to write the data. More
specifically, if H{& QLSRRG &y spatelsianatar! P el il & QB Huef el ptald¥responding to a
physical locatiardi, 34 Fojtifreniherdigicdvessystem100s dortraksitiehiaiagarernspand the laser
beam generaligy means 4nseh & ey e e, desiied data lswiitenat b desied loggtion. Since
such disc drivé)sys em 318 i3 KAown per 0 sqe R & hot necegsary ere to explain |tsy(§esign and
functionid§ in shorenddsainasm thied dutpdidd drivasovidng meesisteenivithsigfide o) $os ithedaser bearser
application on @ hseficPmRIES: ADGillSsysle® hsp‘é%%?g%ﬁe@fnhﬁé;gﬂ%ﬁ%wm@%ﬁl user files to a disc

and the reading of user files from a disc. For recelving information from the disc drive, the file system 20
is illustrated adFEIMdMAMSP oAb SIIRA 1Y ARagiHpGIPar et a8 RN HRIENG 18 QPREIRF AP FYr instructing
the disc drive theniie/spar dndcrovationsigiabfor afoepiealodiseathectiersibig e peni b siccfigdlas having

fom a materiah S BTG, HHe St (AL Ry e el FEREA ARA AT T robiem
will be exifainel, (it iRUirvfesesien i Barireio BAVB CHFitata o2 its, ansrebgiwt phiysical destiast ta part of an
optical disc 2, WhichneQmRIM6R IPNRAHANG FASIUEKRPRACE SRafPIRRIRGARSLIBY& dh and a second
logical address L, corresponding to a physical location (R, ¢, z), then the disc drive system 10
controls the rotating means 3 and the laser beam generating means 4 in such a way that the
desired data is written at the desired location. Since such disc drive system 10 is known per
20  se, itis not necessary here to explain its design and functioning in more detail.
In use, the disc drive 1 communicates with a file system 20 of a user
application on a user computer. The file system is designed for handling the writing of user
files to a disc and the reading of user files from a disc. For receiving information from the
disc drive, the file system 20 is illustrated as having an input 21 coupled to an output 16 of
25  the disc drive system 10. For instructing the disc drive to write/read information to/from an
optical disc, the file system 20 is illustrated as having an output 22 coupled to an input 15 of
the disc drive system 10.
Next, in respect of a two-layer disc made from a material in which, on writing,
the optical transmissivity and optical reflectivity change, a problem will be explained with
30 reference to Figures 2A-B. Figure 2A is a cross-section of view of a part of an optical disc 2,
which comprises a two-layered storage space 30, comprising a first layer 31 and a second
layer 32, the first layer 31 being closer to a light-receiving main surface 6 of the optical disc
2. For writing data into the first storage layer 31, an optical write beam 5 is focused such that

the focal spot F coincides with the first layer 31 as illustrated at A. The disc 2 is rotated and



layer 32, the first layer 31 being closer to a light-receiving main surface 6 of the optical disc 2. For writing
data into the first storage layer 31, an optical write beam 5 is focused such that the focal spot F coincides
with the first layer 31 as illustrated at A. The disc 2 is rotated and 6 21 November 2006 the focal spot F of
the write beam 5 follows a track (not shown) in the first payer 31, modulated b%f’l\@tﬁf@%ﬁéﬂ% Sd from

th‘? _diSC driV? SterI LPeta2BAthY GhRNEERM i@ﬁﬁlﬁ)\‘i&@ﬁ‘i?&lclp(ﬁ’&%ﬂéﬁﬁw frife finst | &rﬁ,l_- Similarly, when
writing data into the second storage layer 32, the write beam 5 5 is focused such that its focal spot F

coincides with RS WRESRY 185 8r1a519af| SR frat e SGATESYRED ARnTaHS I ERATPERIA o ARYRR first
storage layer Jtoperie seterfitstayagelayer 32, a read beam 5 is similarly focused to the first storage

layer 31 or the second stor layer respectively. ically, a.re e iffers fr. ite beam in
that a read beam has less Jsgﬁlp |XQW§§GVQF'S§H%I év?/tl Pr(11(t) _@guggéebéqgtr%régg%h?g%%g%%fio%wgg%rgﬁgrﬁxgties of the
storage lafersigfocypeatsush giute lrmispetiTdelagidesendtehetrenond Byges2awiustiateshaiddion into the
second storaggjlayep 32, the write beam 5 has to pass through the first storage layer 31, as indicated at

33. If the first layer 31 has homogeneous opticalaﬁroperties, writing into the 15 second Ialyer 32 will not be
disturbed by the first layer ¥{N4R&rapUMLEAR fRat HresUrshsfuaasday Fortioh e thePRREP8RG 18 hich has
already been \gotteranstaicl siagldierfetosed apihedioropetemyliffsringtfieosectng semginmgr part of the

frst storage laysr 34,4, shoui yits Beam ARl WehRasRss. (reugh. s wriien portion 34
of the first storageﬁaPyer%e_JLY' ssumlxg thAt the Deam 5 moves fom the Ieft 16 the rng With respect to

the opticdPdis@Rtideldimuvatiape el oghiaesk thr ghehendend giiicsd ssopaidieh efdbe siothigleys2 34 disturbed by
the transition fgprbthe non-written portion of the first layer 31 to the written portion 34 of the first layer 31.

According to the present invention, this problem is avoided by assuring that the first layer 31 is written
before the second layer 32N FH9RERA GO OREREHr i MY BT TER ISR AR NS indicated at
A. The situatioasitciemige layds 3mche varie peavented bypthetrasgnhinfisntiordeipyee 2Bds a

cross-sectiona} ey SIAT IPEIGNIe A/ SIRMIRG AL S RIPS BOMRE BRI aver 31 having
been written. At% a'write beam 5'is sal¥own,
15  second layer 32 will not be disturbed by the first layer 31.

Reference numeral 34 indicates a portion of the first layer 31 which has
already been written and which has, therefore, optical properties differing from the remaining
part of the first storage layer 31. At C is shown a write beam 5, a part of which passes
through this written portion 34 of the first storage layer 31. Assuming that the beam 5 moves

20  from the left to the right with respect to the optical disc 2, it should be recognized that the
writing process into the second layer 32 is disturbed by the transition from the non-written
portion of the first layer 31 to the written portion 34 of the first layer 31. According to the
present invention, this problem is avoided by assuring that the first layer 31 is written before
the second layer 32.

25 Referring to Figure 2A, the first layer 31 is thus written first as indicated at A.
The situations indicated at B and C are prevented by the present invention.

Figure 2B is a cross-sectional view similar to Figure 2A, showing a relatively
large portion 34 of the first layer 31 having been written. At D, a write beam 5 is shown,
which writes a portion of the second storage layer 32 corresponding to said written portion 34

30  of the first layer 31. Assuming that the write beam 5 moves from the left to the right in Figure
2B, it can be recognized that the write beam 5 has to pass the written portion 34 of the first
layer 31, as indicated at 35; however, in the case of movement, from the left to the right, the
written portion 34 is substantially homogeneous to the write beam 5 such that the write

process for the underlying layer 32 is not disturbed.



which writes a portion of the second storage layer 32 corresponding to said written portion 34 30 of the
first layer 31. Assuming that the write beam 5 moves from the left to the right in Figure 2B, it can be
recognized that the write beam 5 has to pass the written portion 34 of the first layer 31, as indicated at
35; however, in the case of movement, from the left to the right, the written po%ﬁgf?wge%%%@antially

homogeneous to the wri_te R 5@@&@%}9@ wg{;air@mgrga@gbgdé@@qﬁyﬂggj@ygﬁﬁ%ﬂaig}pt di;turbed.
7 21 November 2006 Figure 3A is a diagram illustrating the storage space 30 of the dual optical disc 2 as

a continuous ribBohCUIHHOHSHRP Lo ALY el BER SBIR BIAGKS AP hR B Reieea Al et P (B Aetermined
number of datprbistamingd berkitewhdaebjie esavils kil kebinrteagrérdoackil lstbirage Atocket0 has a unique

hysical di i bstantiall the 5 physical.position. of k on th
Cise. I Figure R A s B SRR e,
each block 40 prassing Boptipsiehbdrsd gk askesheepbiadingAo theappysieit disgisddsrsseeBobies
predecessor plysRigy A IHHRUREESS EbRdetiiR eIHinth&dogiaab RIacks HRinguahy step diavauariegical disc

address L, allocated by the drive system 10. An important difference between physical disc addresses
and logical distPTESRAEYSad 5t %!Wﬁéﬁwoé&ﬁﬁﬁg?ﬁ?és%%&%iﬁ?c'l@sﬁ?f%'i'&ﬁ'g%enot usable
for storing dataAmhEigyieaRAodke4bl oaksi alsmpatieen phyisit aidisdopetdnessrs dibtihyNHeddaind N+5 are
defective. In othe{ Wi rdj whenrgaoin om le tek%%%ht in F[i,jg%ze 3A, the las sablt? block before the

t
defective porti(%sﬂ] has the T OyS|r&tz;1 (fj{fl"%rgrg; ress 'PEySéI.% he ﬁgg eﬁ%%sbquiqggl% after the defective

portion 41hasadeepsepdiectresclagidnbes ceneduing desgicibatiriockS4bavbithdiscnatidsedederto the blocks 40
during a form%@&@@%@ﬂ?ﬁid&r‘ﬁ@f‘(,QﬁetﬂﬁEmﬁbﬁéﬁhgth%Wﬂa]rgi%%%@e@ﬂﬁﬁtim@éﬂﬁ‘ﬁ%l' as
0

illustrated in Figure 3A, so that the last usable block before the defegtivelgortion 41 has the logical disc
address N+2, WREFEERIYRe!frdbenLapssis: YHeR antes frendefuionienbii i BB Aaeesiagks disc address
N+3. Furthermsioek asforanstastectiie ntenia thas tetphl sisdlisddockssane Zivantiee A3tagior! disc

address. The disc,drive system 10 may. reserve some blocks for jts own use only. As an example, in
DD, e cive B e Ok Qe EbLe DI el o o e e B AR R o acrese L1
correspoibls tdagieaptigsiaddresses dolthebloeks 30001inT hdodnaitiogiveesgiinenit 1R yehalsba dgeeve some

blocks as sparg gEaaPEL PR REIBFRARRKGIYERIC BEARINPRATROEYSE WA URS: the IRPUERB, Similar to
Figure 3A, also shows the storage space 30 as a ribbon, )
block before the defective portion 41 has the logical disc address N+2, whereas the first
usable block after the defective portion 41 has the logical disc address N+3.
Furthermore, an important difference is that not all usable blocks are given a

20 logical disc address. The disc drive system 10 may reserve some blocks for its own use only.
As an example, in DVD, the drive system 10 reserves the first 30000 blocks for lead in, so
that the logical disc address L=1 corresponds to the physical disc address P=30001. The disc
drive system 10 may also reserve some blocks as spare area for replacing blocks which
become defective during use.

25 Figure 3B, similar to Figure 3A, also shows the storage space 30 as a ribbon,
but now on a different scale. Whereas Figure 3A illustrates individual blocks of a very small
portion of the storage space 30, Figure 3B shows the entire storage space 30.

In the example illustrated in Figure 3B, two portions 30RD1 and 30RD2, also

indicated as lead-in area and lead-out area, respectively, are reserved for use by the disc drive

30  system 10 itself, i.e. these portions of the storage space 30 are not made available to a user.
The drive system 10 has allocated logical disc addresses to the remaining part of the storage
space 30, with the exception of a defective area 41 and a spare area 42. The drive system 10
uses the logical disc addresses to make this part of the storage space 30, indicated hereinafter
as file system storage space 30F, available to the file system 20.



but now on a different scale. Whereas Figure 3A illustrates individual blocks of a very small portion of the
storage space 30, Figure 3B shows the entire storage space 30. In the example illustrated in Figure 3B,
two portions 30RD1 and 30RD2, also indicated as lead-in area and lead-out area, respectively, are
reserved for use by the disc drive 30 system 10 itself, i%. these portions of th@%{\é)%@"@@ba 30 are not

made available to a user. The @riseiRy MR NaFalasrIe: lRakatsliasagdiessasdasthayemaining part
of the storage space 30, with the exception of a defective area 41 and a spare area 42. The drive system

10 uses the ISR HRSEOLPRIGELER FPIRRatngA I G dnsirc b s MoUB A RieadE ereinafter as file
system storage space 30F |sfoaitatite tn tihe ridlatzysbetwe20.pB\Rical diserdues280mdTTbei caagigging of physical
disc addresse ical disc addr is lly.,done in.acco i redefined standard, for
instance the l\/%}é)ﬁétg%gi%igg) g%%ﬁ%@%%ﬁ%‘ﬁﬁgﬁoﬁ t(t)% t?\geer}/g?a%?gg? %eﬁ/%txavn P ng'ic?ag\%disc addresses and
logical disé addferseioisveibhednidictipsassbist eAdEsoinfRemaiks A storage space 30RD1. This 5

information will be indicateq-ﬁesfqgsgfﬁqua@% iRaiPRiiRAImEReleseaINiRG IRtesanciaigd with a
a

memory 25 contajning, inter alia, a list of files stored on the disc and the corresponding loglcal disc
addresses. The fIESSIIEAPI 1R EH6 ML L ERHERRARY Ut R Gisarditessddresses as defined by the disc
drive so as to define a logiceieshireysiera 26pefirdisatechasplppsfsterrgial fispaesstlaavailable for

storing user data. Herein, the file.system. 20 reserves.part of the file system storage space 30F for its own
use, incicated SIS (e TS B B ED l paea e L PR 8 M8 orage space
30F is mafe aspetadeliorvailabds fas Wieng sesratinspasin3e file gistgmdbesewvesinatiief threefilstorage space

30U are indicajedapiapigatpdse s Ao EesaRn e WGEhRR QPisahdishilsskingrbinisrsbRRUgR) disc drive,

the disc address information DAL in the first portion 51 of the reserved storage space 30RD1 is copied
into a memoryelAEHRaEAH A HISRE N &1 UTAEH 390 TAarIR S GHIRISIRIB A FKH RS which physical
disc addressestbt@prspspaulicdgigitatidissaddinrsas stdhdgespatersiy inforarken itgaldisc, the
logical user adtﬁjsr(af%%%%gsfeghe file to 20 be stored are translated into logical disc addresses by the file
system 20, which are translated into physical disc addresses P by the disc system 10, taking into account
the disc dddress informatidMremarimpiidal fikst isaidesd Bitmdtiptiedalivedrbtertigeispadér@9RD1, so that the

information DAL in the first portion 51 of the reserved storage space 30RD1 is copied into a
memory 19 associated with the drive system 10, so that the drive system 10 knows which
physical disc addresses P correspond to logical disc addresses L.
When storing information into the disc, the logical user addresses of the file to
20  be stored are translated into logical disc addresses by the file system 20, which are translated
into physical disc addresses P by the disc system 10, taking into account the disc address
information DAL in said first portion 51 of the reserved storage space 30RD1, so that the
defective portion 41 is skipped automatically.
In practice, it may happen that a certain block becomes defective after some
25 time. In Figure 3A, the cross-hatching in the block with the physical address P=N+7,
corresponding to the logical address L=N+4, indicates a defective block. If the file system 20
were to attempt a write to such a defective block, this would result in an error message being
sent by the drive system 10 to the file system 20.
Figure 3B indicates a second portion 52 of the reserved storage space 30RD1
30  which contains a defect list DL, i.e. a list of all blocks (physical disc address) that have
become defective. When the disc 2 is introduced into a disc drive 1, the defect list DL of the
second portion 52 of the reserved storage space 30RD1 is also copied into memory 19 of the
drive system 10. When, in operation, during a write operation or a read operation the drive

system 10 encounters a defective block not mentioned in the defect list DL, it will update the



defective portion 41 is skipped automatically. In practice, it may happen that a certain block becomes
defective after some 25 time. In Figure 3A, the cross-hatching in the block with the physical address
P=N+7, corresponding to the logical address L=N+4, indicates a defective block. If the file system 20
were to attempt a write to such a defective block, this wduld result in an error r%%g@é(@@tt?éi?@%ent by the

drive system %&I‘F@tfﬁﬁf_ %ysﬁ%m&%ﬁgm&%ﬁé&p@m \ARGPRGLRRLFR @,%@ftﬁe%@g{@aved storage
space 30RD1 30 which contains a defect list DL, i.e. a list of all blocks (physical disc address) that have

become defecHFECIHALHRIERLSS. eI thRF SBMEdipipho L MR CHALRE dhs B RIDORKER M1 °Lecond

portion 52 of thieerdisedvied. storage space 30RDL1 is also copied into memory 19 of the drive system 10.

rlan 52 of thekisetied siorape space d into me _
dofective block not montorl h e LT R AL AL 0 DIk LRGP0 defoet st DL

by incorpdratirythe aerAeLiio resprgtpesidak defarenas 3AdGvindiaries ppdaicibe tedesiorigedbags the disc,
either immediajgly \hilySk R LS Heubies By evanisa!lyiakasraidedoUreitlirattiva biaHE@ssP shows the

user storage space 30U sub-divided into two portions 5 30UO and 30UF, respectively. The reference
30U0 indicatePa9E SPARRI0SEatEh &R U SEed OB I0 W HSRidaa EQEY B ERK M S B IR Hsta. The
reference 30Ubctngicaigsrpastagt pacdSoU Sty diystepacss 30bcahintios ghlt et éasatonngeiser data. For

the sake of sim Ak%tgggzﬁn ggf:ld%%d[ user stqrage s ac%agll_.lcs) is illustrated as.one continugus part of the

[,]ee Ser storage space IS S S one con muousnpar
user storage space and also the free user s rage space IS shown as one continuous part of

the 10 uskl stoieteiepae a3 BOIY. hrataiciecehboveaver, threugeraitemaaspacspite Baybefagomerfietgmented,
i.e. containing i@%ﬁﬁiﬁrﬁﬁg‘ﬁﬂi%I%?fé&ﬁ?tel@lﬁﬁfﬁ‘@rﬁmtwﬁﬁi ;@i@pf;g%rﬁbp@tion 53 of the reserved file

system storage space 30RF contains a file allocation list FAL, i.e. a list of the files stored by the user, and
corresponding logical disc A8arEaas o Fifvesiievalen SR Batid R OHAIGIAIES disc drive 1,
the file systemallbc2floimsibiLras the. dnise @yiRtefined SidredagdtibastiicaatliaoatiepolisirfgAdgfeanaitae portion 53 of

Ctores a copy ST e AMBL A IGE RS T e e G e o e es ™"
instructiotfs to Zldnetwictetheidriile systerfilé0 sy stadhiredileit! oahticoHsidévl dtfioalhadartisses bfithehe free user
space 30UF on.th& hagie ktem storage space 30RF and to communicate this list to the file system 20
which stores a copy of the file allocation list FAL into its memory 25.
When the file system 20 receives instructions to store a certain file, the file
system 20 will only consider logical addresses L in the free user space 30UF on the basis of
20  the information in the file allocation list FAL. When writing data to the disc, the file system
20 will also update the file allocation list FAL, so that the blocks 40 where the data have been
written will now be incorporated in the file allocation list FAL and will hence be considered
as occupied user storage space 30UO. On the other hand, if the file system 20 receives
instructions to delete a file, the corresponding information is removed from the file allocation
25  list FAL, such that the corresponding blocks are now part of the free user storage space
30UF.
The file system 20 will communicate the updated file allocation list FAL to the
drive system 10, and will instruct the drive system 10 to write the updated file allocation list
FAL to the disc, either immediately or just before the disc is eventually taken out of the disc
30  drive.
In Figure 3B, the user space 30U is shown sub-divided into two sections 30U1
and 30U2, corresponding to the first storage layer 31 and the second storage layer 32,
respectively. More precisely, the first user storage section 30U1 comprises the logical

addresses corresponding to the storage blocks 40 which are physically located in the first



20 the information in the file allocation list FAL. When writing data to the disc, the file system 20 will also
update the file allocation list FAL, so that the blocks 40 where the data have been written will now be
incorporated in the file allocation list FAL and will hence be considered as occupied user storage space
30UO. On the other hand, if the file system 20 receiveslnstructions to delete A%MN\#BPEHAEEhonding

information is eespguas Biom, ReFlssalosasinn aRdisighih: suoh dhabiResIeyesraninagsblocks are now

part of the free user storage space  30UF. The file system 20Q will communicate the updated file allocation
list FAL to the Ca%%%%%&ﬁoltg? erahiniarke SR vRs e utall RsasWRibeRecosieshie allocation list
FAL to the distayeiti3er Ham)eobatedyussr jsesinieio 30 Ulead 5800 2aertachl khéakess beingltingrdisas; 30 drive. In
Figure 3B, the yser ce 30U is.shown sub-divi intq tw i 30U1 a corresponding to
the first storag@%a@%ﬁr%?gog%tﬁwaesﬁg%?c')%dvgﬁo?%%ué%g@%ég gB),g'%E@gét%gg@?%%h%vgfg%%g@ the first user
storage sextioalRodadde thpflissidagicaldgies Blanbieessed] soppesinrt thatsabibreadtiessss rvekees0 which are

physically locaiggciict® Hetddmistirgenier 20 EinAaaaYEd sokny eas INBraas@nd user segment

30U2 comprises logical addresses carresponding to the Iog;cal blocks 40 which are physically located in
the second stdFay&eIneIousr [9gteal giaciindraesss arllerieBune SprPbi agdt! BEER SHBAFASS being
continuous; thigheriegicaniis talarsitoatiernideetel o brefiigentdlagi talalist. addusspssdibleatfiatst been 5

allocated to the. fishlgjcal aver, 3k yhergas allsysedusntlosicel diss Addiessendiaue egn allocated
to the second storage layer 3Z."However, not bet

IS hee € case In practice. It ‘may be that lower
logical di$@ adiréusiesenesidiesaiarrtdzhtenicone ragriigek|uyide SPstatrpgadayeighie clodidalatiec

addresses areplagpiathie 08 HrelyRaRRAT 2R hd tig B AQRSIRIG Rk 9RisRiRGaddigsses are first

allocated to a track in the first storage layer 31, then to a track 10 in the second storage layer 32, then to
the next track AZaRE HrAetBPhYerPRydayst 36ednan 19 are B LafrRe A StPRIEI AR JRotiSBACIfS ones, and
that logical disgertiziespemafpstistirafjotgiadioer. 2n1mein thednsestpragatalerad Figes® a zone in the
second storag%#%&/aegg% th?rrr!l t% thtednext zone in the first storage layer 31, etc. In those cases, the
representation 0 |guret§§ Wourd be more fragmented. 15 When a conventional dual layer optical disc is
placed inla conventional di¥¢heirizzecavientioadildugl/ krnomisaiviisc asgdaneramd tonweitéoadildisthe file system

is free to seleCrjve and the file system receives a command to write a file, the file system is free to select

any portion of the free user storage space 30UF, including a portion corresponding to the
second segment 30U2 of the free user storage space 30UF, i.e. the second storage layer 32,
even if the first storage layer 31 above has not been written yet. According to the proposals of

20  the present invention this situation can be prevented as described hereinafter.

A first embodiment of the present invention will now be discussed with

reference to the Figures 4A and 4B. Consider a "maiden disc" 2 being introduced into a disc
drive 1. The phrase "maiden disc" refers to a disc immediately after manufacturing. Such a
disc does not yet contain the structure illustrated in the Figures 3A and 3B; more particularly,

25 amaiden disc does not yet contain disc address information DAI, nor a defect list DL, nor a
file allocation list FAL. When a disc is entered into a drive which is capable of handling
multiple types of discs, the drive system 10 first executes a disc recognition process in order
to determine the type of disc. Thus, the disc drive system 10 will recognize that the disc is a
dual layer disc. Furthermore, the disc drive system 10 will define the blocks 40 in the

30  physical storage space, define logical disc addresses L, define disc address information DA,
define a defect list DL, and define a file allocation list FAL. The conversion from physical
disc addresses to logical disc addresses is mostly determined by the disc standard,
corresponding to the disc type. After having performed the formatting operation, the disc

drive system 10 will know which logical addresses correspond to the second storage layer 32,



any portion of the free user storage space 30UF, including a portion corresponding to the second
segment 30U2 of the free user storage space 30UF, i.e. the second storage layer 32, even if the first
storage layer 31 above has not been written yet. Accordlng to the proposals of 20 the present invention
this situation can be prevented as described hereinaftet!A first embodiment o?%@odﬁé@@ﬁtzﬁ%ntlon will

now be discusgreuiias efecenssBihadigeadanus ABdraRFIdenampIRsRRiss oRHgINg introduced

into a disc drive 1. The phrase "maiden disc" refers to a disc immediately after manufacturing. Such a

disc does not YEEEIRAHMAY S e aressit YSRUgNn A g glibassyseantP ddssieredda fellidls, 25 a maiden
disc does not yeticort@inddiss admmﬁllmfmwbaﬁgj dafﬂcavdeiieﬂtémsti @itfﬁ@rtﬁsilﬂamléd@aéwn list FAL.

When a disc is,grigrggt l@?e"’m“l MG Cananlre %’ %”P'ré é“%/ he's n%f(alg s%r%tlh% drive system

10 first executes a disc cognltlon process ith order to de er |sc e disc drive
system 10bwill sReceGhlZ2 aredisiee kﬂuﬁ@uéeémualﬂd@&tcﬁmeqtmh@nww FRemiecdrive system 10 will

define the blocks 40 in the 3Q.rhMsiCRIRIAREBrRRASSARTHNRIOHIGRbHIRE AdAEaRSSRluseieline disc address

information DAI, define a defect list DL, and define a file allocation list FAL. The conversion from physical
disc addresseét%aﬂfgsl%‘ied@yééﬂP@%@e@%\&ﬂ}? JRALAHhRRYEIGY A EREE SRESERAYINGdR &%y 0nding to the

disc type. Aftesdeaninggrettvagepdtestvmatingeianat defaheisifite Dtistosybiemeltbmidhkgrosm which
logical addres?gs orreSﬁ)tf')nd to th 1S€6 nnq star. P?\(/av rlﬁ\é{er 32 an.l 21 Nte\ﬁr's? er 2t006 |nd|cated as the
0

W I formdtion in [ 'stor
second usersoragsé:space §86@’ es S Ing to an iImpor aon asf))ectt ﬁgtsé(r)n?godc‘ ent of the

present id0enti¥h) hiee dizdhe ivel S@S@Gﬁi%ﬁ@hé@l@ﬁédlﬁs pvanrkalsenaniienaldtiessieses mbrage space
30U2 as be'”%@ﬁ&%@ﬁ‘{ﬁa&%éﬁﬁé’\ﬁﬁh‘% pressstiAlehtshassen 38MRERibiaHFeAdstbmethgr words, all

addresses corresponding to the second user storage 5 space 30U2 are listed inthe defect list file DL
stored in the p@ﬁﬁ@ﬁt%ﬁed&@e'ﬁﬁ@f‘gét?ﬁﬂetmeﬂ HH%“%)YH&FHSE@ A8 AEYKBBSHRB entire second user
storage spaceggibiZi@sopeirgidesegtiee 1@. that all physical addresses corresponding to the second user

storage space 30U2 are listed in the defec list file D ed in the. portjo 0 isg, will force any
file system to only write mfc%gmatgc')n in t%%r?tlfrs eglsaes eLB?%Hee reggg?i%% %% d%r];e%q Cﬁﬁ‘ Itsorage layer

31. This éppl|@se\z‘@mtmomawrmdh@flfﬂém?ﬁswmchdw@me@m atthsrdefacdigtiBPLtheiisresent invention.
Such a convenfigngfile SHFEETHAY (&MY @ Wfétgré@eﬁﬂé‘a 65U BSYRIeRtoR Uhdtigewill result in

an error message generated by the drive system 1
system 20 is adapted to take the défect list DL into account when choosing logical disc

addresses in response to a command to store a file, so that defective blocks are skipped while
error messages are avoided. In other words, in the case of a file system designed in

20  accordance with the present invention as explained above, such a file system will not even
attempt a write in the second storage layer 32.

In this respect, it is to be noted that the defect list DL contains physical disc
addresses, whereas the file system storage space 30F, available to the file system 20, is
defined by logical disc addresses allocated by the disc drive system 10. Therefore, the file

25  system 20 is only capable of taking the defect list DL into account if the file system 20 also
incorporates knowledge regarding the correspondence between physical disc addresses and
logical disc addresses. This can be implemented in several ways. First, it is possible to also
communicate to the file system 20 the disc address information DAL in said first portion 51 of
the reserved storage space 30RD1. Alternatively, it is also possible that the disc has been

30  formatted according to a certain standard, such as for instance the Mount Rainier standard,
which includes the length of the lead-in area 30RD1 and the locations of spare area; in that
case, it suffices to communicate this information to the file system 20, so that the file system
20 can calculate an approximate correspondence between logical addresses and physical

addresses.



According to a preferred aspect of the present invention, the defect list DL is 15 also communicated to
the file system 20, which stores a copy of the defect list DL in its memory 25. Furthermore, according to
this preferred aspect of the present invention, the file system 20 is adapted to take the defect list DL into
account when choosing logical disc addresses in respgﬁse to a command to bNO¥eMBesEPNeat defective

blocks are skipped while ey %dﬂ@%ﬁ%‘@ﬁh’%@%‘ﬂ@ﬁcé@ S’l!iﬁﬂ%y\é?'éﬁ% I'ﬁstbé‘eﬁ‘?&%@ftéﬁfﬂﬁ System
designed in 20 accordance with the present invention as explained above, such a file system will not even

attempt a writd! 5 18 ERREYAR L Priesrar ByeRH apialPagnryent H9al S5 i R SR A& Rect list DL
contains phy&mhidm@e aﬁtchmbsewnwherameﬂ‘lenirhhmtem sthiapedSpanevalirg ifastabliertanthe file system

20, is deflnedR &%Iﬁ %llg,cé?afé?g?%zeg%g el tec\l/ g 6*&%%‘%8 &jrn\%% f%%t d%Pec ngtl%_ [€6 the file 25

system 20 is on y capa ct IS |nto accoun system A5S incorporates

knowledge redsfgiiv. ﬂ?@&dﬁé@%ﬁ@l@ﬁﬁ@ Hephsieripitdeessasdibthe seneskeigragrdlaisgidaintiBe addresses.
This can be '”@%@%f@ﬂ.'ﬂ@%%@éﬁh%@eﬁ% HiIgRAHNENARIFRCCQRIMURIAIR to the file system 20

the disc address information DAI in said first portion 51 of the reserved storage space 30RD1.
Alternatively, iCR1E8HBLUFNINEE IHE RUERUALES ROY AR AL OIS PEERMain standard, such

as for instanceritenfibount Rainier standard, which includes the Iength of the lead-in area 30RD1 and the

locations of spare area; in qzﬁatt case, it suffices to corgmmcgt ormatllpn fo tb e file system 20, so
ond' user stora & SPace indicafe ecflve g eind
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physical HddréxededientrEIN ovivnikietdio6o3t ativalld h@@é@ﬁgmedtthlépfcmwea angeddasivtdisc has been
formatted by adisfdiiye &BIPSLYige éﬁh%@@&éi@&l'éﬁ’cﬁ@é&‘é?mﬁé% gROVERHGAR) digsidtyrg)l-e- disc drives

which are not embodying the present invention, are prohibited from writing information in the second
storage layer éﬁaq?é‘@ﬁt@é‘@gﬁ\?é%ﬁéﬂﬁ%ﬁ?cbé{rf%?ﬂlgeﬂﬂﬁ% dnarset ?gqrﬁfﬁeﬁﬁ@@ Hediiet Hshus, by
incorporating adiLphysicalinasresseasactishevsecarsh sﬂwag@rha)swrag'e inyieconefeetdisbOlsethmsecond

storage ayer 3. AN Made aseesslerYen 19 Comenional fise diles and sapyentonal ueer
programs not embodying res nvent &'Second user torage Space’ dicated as being
defectiveldy beiatprredinshodeat espaelgfithehsedefeinvintion, |agicahigdecsses tetecthrorat urof course, and

constitutes  gorage space 30U2 are removed from the defect list DL at a suitable time.

In a specific embodiment, a drive system according to the present invention
may be programmed to, in a first stage, only write data to the first storage layer 31, without
updating the defect list. It is only when the first storage layer 31 is completely full, that the

20  drive system removes from the defect list all logical addresses of the second storage layer 32,
thus making the entire second storage layer 32 available in one go. However, a disadvantage
of this method is that the user does not have a realistic view of the available storage space of
his disc. As is commonly known, computers have a feature which allows to scan a memory
device for the amount of available memory. In the present case, if the disc drive would

25  receive a command to scan the disc for available memory during said first stage, the disc
drive would only recognize the first user storage space 30U1 as available memory and, as the
occupied user storage space 30UO increases and approaches the limits of the first user
storage space 30U1, the disc drive will tell the user that the amount of free user storage space
30UF approaches zero, while in fact the disc is still half empty.

30 Therefore, in a preferred embodiment, a disc drive system according to the
present invention is programmed to update the defect list 52 after each write operation to the
first user storage area 30U1, thus releasing part of the second user storage area 30U2 for
writing. Such an embodiment is shown in Figure 4B. Figure 4B illustrates the situation of a

disc having a first user storage area 30U1 which has partly been written as indicated by the



potentially usable storage space. Logical addresses within this potentially usable storage space can be
made actually usable by removing these logical addresses from the defect list DL. In fact, if no further
action were taken, the second storage layer could never be used and the effective storage capacity of
the disc would be reduced by half. Therefore, accordiné:’to a 15 preferred impc?l;lt&lﬂv&gl?@ﬁz@@‘i?}e present

inventiqn, |09i%bé\ﬁ@é%@?ﬁd&&@%r@ﬁ%@%Uﬁ%rng@r\ﬁfﬂf‘e %B@:%ﬁ&?% &ie H@i@&%@rﬁ% the_defect list DL
at a suitable time. In a specific embodiment, a drive system according to the present invention may be
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feature which glipyvs f.8aa# memory device for the amount of available memory. In the present case, if
the disc drive would 25 receive a command, to scan the disc for available memory during said first stage,
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occupied user tatoamgenspatebiyisparseailibtt approaches the limits of the first user storage space
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to the first usgLRIQERAGR, A0 ibe LRI RATING P LOIINR SEFANDHTRIRCSRAR B8 3AYgrfor writing.

Such an embodiment is shown_ in Figure 4B. Figure 4B illustrates the situation of a disc having a first user
storage area 30841 Hags UM ARER FatEf SshiuieAEd SR IReS PaConRioiemPlet 9806 occupied
user storage avifith 3UEh At thy itesogeragiony éhe1ciag the\secayiatsondgasaydpamtesk aHapetun 30UL of

the second Lser S0TAd5 JleaSPHARLEMEYRA M Ane defgt ot e SR addigses
correspondlng O tnis liberate portlon . remaining porton o the second user storage area
30U2 is sl indioérscpaibeifdhe Hesetoragealyar30UDNGICRied At LA spBRSPAY iR ParBOUE Hew includes

the liberated poutiog %Hbqu?t{@?ﬁ?ﬁﬁyr@cbﬂﬁﬂo@éfémow %% POHiEn B SHOHGARARPESCIRIRhat now a
user will be given a more realistic view of ) )
rays were to impinge exactly perpendicularly to the top surface 6, the second portion 62
would be entirely in the shade of the first portion 61, so it might be liberated. However, due
to the top angle of the focused light beam 5, the first portion 61 is not large enough to allow
20  liberation of the second portion 62.

Figure 4C also shows another written portion 63 of the first layer 31, larger
than the first written portion 61. The laser beam 5 is shown in two extreme positions 5a and
5b. The left-hand extreme position of the laser beam 5a corresponds to the left-most position
of the laser beam where the entire laser beam passes the portion 63. Similarly, the right-most

25  position 5B of the laser beam is the right-most position where the entire laser beam passes the
portion 63. Upon movement of the laser beam from the left-most position 5a to the right-most
position 5b, the laser beam always passes the portion 63 entirely and is not disturbed by
variations in the first layer, because this portion 63 is free from such variations. Thus, the
left-most laser beam 5a defines a left extremity 64a of a portion 64 of the second storage

30 layer 32, while the right-most laser beam 5b defines a right extremity 64b of such a portion
64, which may be considered as being entirely in the shade of the portion 63.

Thus, if the portion 63 of the first storage layer 31 is large enough, a portion

64 of the second storage layer 32 can be liberated. It is to be noted that the above



the amount of free storage space available. After each write operation, the disc drive system 10 according
to the present 10 invention calculates which logical addresses can be liberated as described above. In
such calculation, the disc drive system 10 takes into account various properties of the disc 2 and of the
disc drive 1, as illustrated in Figure 4C. Figure 4C is a dfbss-sectional view of aldN¥vamige<he top

surface 6, the fisatiatesaems |§§fﬁ§ %W&B@(ﬁ%ﬁﬂ@@é@fﬁ&ﬁdﬁ%é 83 éﬁ% FRARS @fth% laser _beam focused
to the second storage layer 32 is indicated by a dotted line. A first 15 written portion of the first storage

layer 31 is indit5RRETEIEE VAl KR PEoi M R P YRS dhe second storage layer 32, physically located
below the portion 61, is indisatediat 62a filigbt prafsraccsmbodimpingaecakiactlyiyeeyemituitefindo the top
surface 6, the ortian. 6 e entirely in.t ade of the first portion 6 it might be
liberated. Howge‘\%’}cao?,51 lﬁ;'i‘%&%}g@g g‘%\%}g{%ﬁﬁﬁe r%\éé%te%eﬁa;%t @é’g'réaq;%q&rgs%Esrieré)%%%q#%sﬁs not large
enough to%allodefe® ligdratidniofefrsisipe Hsk POriibwl©3IFagLte thediie dshahisnis amottien afrtten portion 63
of the first layqpililareesofan IMadiIsH WHRRi pe R Pdsd REpRSRIdRAR e 1RiSBOWA HpbyRextreme

positions 5a and_5b. The left-hand extreme position of the laser beam 5a corresponds to the left-most
position of theHASS RN IR USHE HRRIASTHERNLEANNP SECY 1158 s B PRt TR Y &8 right-most 25
position 5B of Knevdakebeaninthetivphtonddnh pasitcfocniypedishD Bititiedrscinizeala, passes the portion

63. Upon mov nt of the las rbeaméro the left-mast position 5a to the ri I‘tt-m t _pasition 5b, the
o poam a2 B T R RO 0 G LT S ReFon

because iAis paitﬁdﬁhrﬁseisqfél@ ﬁeﬂwé@tﬂﬁaaaﬂim@ﬁgﬂhai@gtﬁ@‘ewﬂegﬂbwﬁ@sm e sefeshtrediliis a left
extremity 64a %Q@&Q%%ﬁd%ﬁ%%‘éﬁ&ﬁ&rﬁg%ré"@_dﬁy\ﬁ?tgﬁg))’\d"é*@cf%.”ght‘mOSt laser beam 5b

defines a right extremity 64b of such a portion 64, which may bé considered as_being entirely in the

shade of the portion 63. ThUISIHFHEEIRLFRB8EHSETE TiPeY LR MRS 1 XVREN A 4rhE Bt portion 64
of the second stenagedrydsr3Rccanikeikeraiatof tisrigduparetadidiairine sghronel04dgriNoviemnber 2006

considerations apply to the radial dimension of the portions 63, 64 as well as to th ircumferential
dimension of thneg&éﬁégﬂge %lﬁe Q:\f:ecr)]rﬂcﬂﬁé %E%?utr Ser Brre etrlpél ne%neo\é(\)legﬁ%?g ,ettasg Ia%c':ncf)rive system 10
defines d%ablecDopntientyisidesnietfecy iyyrdlyrdedentivettddckach (psligtiehbtathirespcaeotisiediire the 5 defect

list DL. This defclsbyRedite RhisRIGRWTONaR QoitRe disskilpat the i PAINGRGH RN also allows

the disc drive system 10 to distinguish between blocks which have been made temporarily
inaccessible in accordance with the invention on the one hand, and blocks which have truly
proved defective on the other hand. Then, after a write session in respect of the first storage
20  layer 31, when making the calculations for liberating a portion 30UL of the second storage
layer 32 as described with reference to Figure 4B, the disc drive system 10 will only liberate
blocks which are labeled "virtually defective" and will maintain in the defect list blocks
which are labeled "truly defective".
A second embodiment of the present invention will now be discussed with
25  reference to Figure 6. An optical disc 2 may contain a write history table WHT, preferably
stored as a system file in a portion 54 of the lead-in area 30RD1 as shown, which table
contains information with respect to all physical disc addresses, indicating whether or not a
physical address has already been written to. For instance, for each physical address, the
write history table may comprise a bit which has a first value, for instance "0", when the
30  corresponding physical address is still maiden, and which has a second value, for instance
"1", when the corresponding physical address has at least been written to once.
According to this embodiment, when a disc is placed in a disc drive, the drive
system 10 reads the write history table WHT from disc and stores the write history table

WHT into its memory 19. Furthermore, the drive system 10 communicates the write history



lead-in area 30RD1, although in principle it will also be possible to store this defect type list DT as a
hidden file in user area, assuming that the disc system 20 has the proper file system knowledge. The
information stored in this defect type list DT indicates, inter alia, whether a block is truly defective or
virtually defective. Thus, when the disc drive system 101§pe0|f|es 10 all addresseN®fetRResEEBMd storage

layer 32 as beiggdaipgtivani #ELSSHmbe diacsiiee dietvhE Rgagrdpdioatinaiahibessaddresses are

only virtually defective. This information can be used in several ways. When a disc drive is asked to scan
the disc for the SV SiRBIETAIGGRIGING S 4y LpaRimenils AtaRierdo<barnre 8 WEIa MFaHM accordance
with the |nventmheckamtakermlmadmﬁnnmatmnemlﬂwwmetdm@lmirﬁ%mm ﬂcﬁtmmjmmdosemmsldermg the

virtually defectl $ %%5% as eﬂéﬁﬁﬁt' " tor(%gjﬁt a? ?8{%& %9 %utg o rthl% rléégr ar’gq@[r J&%tﬁz v&ew of the

storage capacl{ isc. This |n ormez SO a ows t se anve ystem |st|ngwsh between
blocks whith H®ee Wedensiidhetisarentign idbessnsiblelparstuesd arree3@lith itksemteehttioritten the one
hand, and blogks which have truly proved defective on the other hand. Then, after a write session in
respect of the first storage 20 layer 31, when maklnggthe calculations for liberating a portion 30UL of the

second storage layer 32 adnBE EAISRT R TR e o8 fdaplg i tans e tAdRef eSS AR §8will only
liberate blockﬂwmehrmeﬂathﬂieﬁit‘rwttmid)}ard@fmémefcmylﬁmull maintain in the defect list blocks which are
labeled "truly defective". A i&}cond e{’nbodlrpent fthe ent i bYe WEIP will qgwdl%e %iussed with 25

n, the. Wi
reference to Figure 6. An optlcaf’ldv ZOPﬁay 2omnsin atwrl e hi ory pre erably stored as a

system fild in aperpsiena 16f v iding-thenesarBORDe] hsl@ﬁdmblt@hmsabﬂ@lflﬂ)‘ﬁtﬁiﬁ@mfﬁfmatlon with
respect to all %é%?ési%tﬁ@%@%ﬁ@edW%H%Mﬁq%ﬁ&%ra%rr@to@eﬁhﬁﬁ'cal address has already been

written to. For instance, for each physical address, the write history table may comprise a bit which has a
first value, for instance "0", Wﬁéﬁcﬂﬁ‘g &PRISRRRTH BR ERA RS SRy eaMPLEs ROt HissididYe SYSERhich has a

second value, foraiusidiiesystbin phessigieCortespaactag physgataadieamtias Ableasain written to
once. Accordln% Wls embodlnlent hen a ?¥soc is a\?&]‘?one{?éjlsc drive the drlve Sé{St .tJhO reads the

ot res ed d ornatica ¥$Te'v
write history taso rom disc an stores |story e C{/r\/ nto | s m mor

Furthermbfre, thélamy@%vé‘tbdesi@@bmamaﬁdm@m theirraststonyvasion, bwwmbeam@oﬁomable WHT to
the file systemg2Q, yich skares ﬁ?‘ﬁdﬁ’ﬂi@gﬂ%@d%%d’%%ﬂétﬁumﬁk%r & liRR¥sHRMAQ according

to this embodiment is adapted to, before any write operation,
history table. On the other hand, this solution is not respected automatically by a

conventional file system, even in conjunction with a disc drive designed in accordance with
the present invention, because a conventional file system is not programmed to select storage

20  locations on the basis of a write history table WHT. Therefore, in a preferred embodiment,
the file system 20 is designed to define the second storage layer as used area.

This preferred aspect of the present invention will now be discussed with
reference to the Figures 5A and 5B. Similar to Figure 4A, Figure 5A illustrates the logical
storage space 30 of an optical disc 2. Again, assume a maiden disc being formatted by the file

25  system 20. In this second embodiment, the file system 20 is adapted to define a system file
with a predetermined name, for instance "DUMMY", and to specify this system file
"DUMMY™" in the file allocation list 53 as covering all logical addresses in the second user
storage area 30U2. This file allocation list 53 is stored on the disc. The file "DUMMY™" is
preferably defined as a hidden file.

30 As explained with reference to Figures 4A and 4B with respect to the first
embodiment, any file system attempting a write operation on the disc 2 will take into account
the information in the file allocation list FAL when selecting logical addresses for storing
information. Since file systems are not allowed to store information in those locations where

a file is already stored, a file system cannot write any information to the second storage layer



check the information in this write history table to determine which portions of the second user storage

area 30U2 correspond to portions of the first user storage area 30U1 which have 5 been written such that
the portion of the second user storage area 30U2 is free to be written to. In the case of DVD+RW, such a
table is standard, and the file system 20 can use the ink®rmation in this stand%JdWM?@‘H%t%QWile. After a

write operatiorsyth@uide thisiaoraRsh WihE nARREPNIE HRE IO QfﬁM@sz)ﬁ’é%ﬁhé{%y writing the
c

second value "1" into the bits corresponding to the |ogical addresses L which have been written during
such a write op&TAILHORAR IR AN BRIYIRRSHPISE RY ALl ¢ RS VIRI KL LB RHMMfive system 10
and a file systamuQrdesiginizi is dscoghaced byitotenpoeabdisoumdreiand Hpueventidrsl fielution is not
respected aUt%nl%(?ﬁ lly by a conventional disc drive, even in conjunction with 15 a file system 20
designed in acdordarice with the present invention, because a conventional disc drive system 10 is not
programmizd to read the wSiEHsho B ehbke, iids ROsaibtiale fiFsé Wiitecthhigttiry Hasiey ey iedandt hand, this

solution is not fiesRRIGE: FELHF AP HERBYENURIRIRSYIIRINe S e SFNUYSEaNYith a disc drive

designed in accordance with the present invention, because a conventional file system is not
programmed t8°SRIRROLIN R SETIEYEHIRD S BAL AL d I A e B RETRHPR. 1 iR& E8re, in a
preferred embaitbozeioh lisTilgtaysiendit: ispdesigneddoadedilibciae agonich QWA tayesadised area.

This preferred aS%PcSalgF ofe the‘e a%rgagw ineverp]tign will nos\llgali)grdailsa%%aeqv \I[\IItIEgI refﬁg n esttcg)r thel{lfi ures 5A and
5B. Similar to Figure Eg\ flgure A iHEJs?ra?es t%eprcyglcal setorage ¥pace 3d'oran optlcaflif;l ISC 2. Again,
assume daidérsdifdtiently foonastelainedddiieropidystaiere tofihigeséCond embodiment, the file

system 20 is adapted to defin@ugysieibstipewihmmrdrterningt nuee, ianinaamge (REMMY", and to
specify this system file "DUMMY" in the file allocation list 53 as covering all logical addresses in the

second user <{BPSEE Ardie BiPYSEmi<Giie AL LTS PIRSESPISURGEY SIaTads Bhate TPREVEINSSUMIMY ™ is
preferably defitheghasesshutitiesndiiey 3Qasoaxplainsstaiditiceigeangs tm bighiesedAiacwtdBanh respect to

iformation in (G e B AL A Mo dOR el R R aon. Since
file systedds arefieonatiowedthe eruesperdensatieinigentbyeitetaiio nddigssasand fivgimaladigeady stored, a file
system cannobugitesa¥JriNRES) RIMG S6ER0R HRSCIRNESs information DAI in said first

portion 51 of the reserved storage space 30RD1, or by having information on the standard

according to which the disc has been formatted.

In a further preferred embodiment, the file system 20 uses the write history

20  table WHT indirectly. In this further preferred embodiment, the disc drive system 10 defines,
on the basis of the write history table WHT, a write allowability table WAT which specifies
which addresses of the second storage layer are free to be written; this write allowability
table WAT is communicated to the file system 20. For instance, in respect of each logical
disc address, the write allowability table WAT may have a bit having a first value ("0") if

25  writing is not allowed and a second value (*1") if writing is allowed.

In this case, when ordered to write a file to the disc, the file system may be
designed to only select logical disc addresses on the basis of the information in the write
allowability table WAT. However, in order to ensure that the inhibition of the second storage
layer is respected by conventional disc drives and by conventional file systems, the file

30  system is preferably designed to define a system file with a predetermined name
("DUMMY™), covering all addresses of the second storage layer. Then, when writing a file,
the file system can select storage space on the basis of the file allocation list FAL as usual.
The disc drive system 10 is designed to update the write history table WHT, to update the
write allowability table WAT on the basis of the updated write history table WHT, and to



16 21 November 2006 32, because the information in the file allocation list 53 tells such a file system that
the second storage layer 32 is already occupied by a file, i.e. the hidden system file "DUMMY". Thus,
this solution is also respected by conventional disc drives and by conventional file systems. 5 Similarly as
above, it is possible to first write the entire first layer 311dnd only then liberate¥hBlQ&ERRf #06r 32.

However, Simi&%’r@ﬁl @é@'ﬁi@%ﬁdﬁ%@{}@rit@_ Ji'l%\ﬁéfxﬁiﬁmé@e REEPTA% tmé@%%%ﬁrh@yﬁ@t@%ﬁqpreferably
adapted to modify the information in the file allocation list 53 after each write operation, such as to

liberate a portiSrSIEIPHRIAE BHE e RllacAigriR BtaIbeide fiodRets AiteraphROLIRA PR already
written in the filishstaidgestayeile1&nhd loimskificienldvitaiges astiaxpéapaecbhefiotmasigibf teéenataoaito Figure 4C.
In the gbove-dvevﬁ?gig?(g ggnllﬂoq(jmgw/a\.}he write history _table WHT is used direc_tly by_the file system 20,
either in the process of se ec}flng storage space for writing or in the process of liberating a portion of the
second stérage layer. In bofn edeesagimtetibieingrihe defeRinjstabicovwitingrseectdl pysjeiichlalisc addresses,

the file systempOhahpeild RaVERAMS Al URIGHRR BBH G GRERSRABR BRSLRRMaREsPhysical disc

addresses and logical disc addresses, for instance by having access to the disc address information DAI

in said first potBOABTBITME! SRR P ERETSH &Y% PR OB LY FHOM B! TR RS eI Standard
according to whiohitveidiat filasyeenfosraitetatl tafyftake entp refeiied eforhadon énintihe fitgesystem 20
uses the write histor table WHT. indirectly. In this.further preferred embodiment, the disc drive system
10 defines, onen e et e e R RS S speciries
which ad#iPesseistorfytiedlsdibiidosovaiie dHgeakilisyftaladVdelwritten; this write allowability table WAT is

communicated to the file S%ﬁ%ﬁb@ﬂa?@éﬁ Uﬁ‘mtd@&%&q% efieasdh Miﬁﬁb 9'&%%@&'@5%%?1!1 e write
irst value

allowability table WAT may have a bit having a firs "0") if 25 writing is not allowed and a second
value ("1") if W%%Yaﬁd&?é&'ﬁﬂﬂ’ii’%e‘é%fé%r,vag?m?c?@r toonal ey stemeils YHED diBeedeter M stem may be

designed to onynselect logical disc addresses on the basis of the information in the write allowability
table WAT. However, in order o, grlsurf il the Ianibition o fhe.ssgond storade, laysr s gespected by
conventional disc drives and by conventional file 'systems, the file 30" system'Is preferably designed to
define a $pstemnfiledtitkhe exeradesyrainkatimzanie d{SsHMMEOYe contghaigy atiogsltasgiessahthe second
storage layer. ThgRiceR 5B Rithin the protective scope of the invention as defined in the
appended claims.
The present invention has been explained for the case of a dual layer disc, i.e.
a disc having two different storage layers. The same principles of the present invention apply,
20  however, also in the case of a disc having three or more layers.
Furthermore, as an alternative, it is also possible to implement a drive system
with file system capabilities, so that the drive system itself can perform all inventive actions
which are attributed to the file system in the above description. As an advantage, in that case
it will not be necessary for the disc drive to communicate disc information to an outside file
25  system, and actions for updating the information on the disc (defect list, file allocation list,
write history table) in order to liberate portions of the second storage layer will not depend on
the file system being implemented in accordance with the present invention.
Furthermore, it is to be noted that the functionality described above may be
implemented in hardware or in software, as desired.
30



the file system can select storage space on the basis of the file allocation list FAL as usual. The disc
drive system 10 is designed to update the write history table WHT, to update the write allowability table
WAT on the basis of the updated write history table WHT, and to 17 21 November 2006 communicate
the updated write allowability table WAT to the file systéf 20. The file system 25 N@$ahe64 B pdate the
file allocation list FAL in order to liberate a storage portion 30UL from said system file, and to make its
calculations in this respect on the basis of the updated write allowability table WAT. 5 An advantage of
utilizing the defdcMMBL or writing a special system file DUMMY is that a dual layer disc which has been
prepared in accordance with these embodiments will also be respected by any conventional or existing
file system, because such a conventional file system must automatically take into account information
from the defect list or the file allocation list. A conventional file system will not necessarily check a write
10 history table WHT or a write allowability table WAT. An advantage of utilizing the defect list DL over
utilizing a special system file DUMMY is that it is not necessary to define an additional system file with a
predeterminedl.name. It shautgthedaiéarriiing peoptcabiilie (R)rhaimeant thdti-thgepre sendaveation is not 15

limited to the_%@%ﬁﬂ/iﬁﬁ&?%%?é‘ﬁﬂiﬁﬁﬁqgﬁp&*ﬁah&'%@é%?(@%%é’%@ﬂ e@g,vrlrﬁgdifications are

possible within the protective scope of the invention as’defined in the appended claims. The present
invention has HEEIRGgRIRG @h1ike sariBogrRmpHEsing/Bedige of e. a disc having two different storage

layers. The sapevpritiigRlegief speriesed povesiionsaidrboortDstirayeVeferatsn 1odheiersends a disc having
three or more layers. Furtherg%(%r as an altegnati@i}it is alfso possible to implement a drive system with
t

file system caﬂ% ﬂﬁ'i‘e%?r£'8'h? eﬁ(ﬁﬁ\%ors% it ’(?gﬂ %erform all inventive actions which are
attributed to thalfileizy Stemirite thperabave deisqription oRsidrseadodntages InytidB2ada sitfhdienty be

necessary for e dize drve §8ﬁ&ﬂ§’§f‘§(&6‘?&1§§tﬁ SGRGHRSAR ?BrﬂHﬁ%ﬁ’?afH%&ﬁrﬁyﬁb%Bea”d actions for

updating the information on the disc (defect list, file allocation list, write history table) in order to liberate

portions of thel8¥dAd) Sasrerss vasiEendlilerst BRSe FrdoTistently Byaeaiprieit Sl I si@88in accordance
with the presendyisM@nsipsing wileaeietHs Bt hetrirddnglktelunctionality described above may be

2. A method of writing an optical disc (2) having a multi-layered storage space
(30) comprising at least a first storage layer (31) and a second storage layer (32) below the
first storage layer (31), the method comprising the step of preventing a write operation to a
15  portion of said second storage layer (32) located below a maiden portion of said first storage
layer (31) wherein the write operation to said portion of said second storage layer (32) is

prevented by defining said portion of said second storage layer (32) as being defective.

3. A method according to claim 2, wherein a distinction is made between truly
20  defective storage blocks and storage blocks which are merely temporarily defined as being
virtually defective.

4, A method of formatting an optical disc (2) having a multi-layered storage
space (30) comprising at least a first storage layer (31) and a second storage layer (32) below
25  the first storage layer (31), the method comprising the steps of:
— defining logical disc addresses (L) for logical blocks (40) of the storage space (30);
— defining a reserved storage space (30RD1) in the storage space (30);
— defining a defect list (DL) and storing the defect list (DL) in a predetermined portion (52)
of the reserved storage space (30RD1); and



implemented in hardware or in software, as desired. 30 18 21 November 2006 CLAIMS: 1. A method of
writing an optical disc (2) having a multi-layered storage space (30) comprising at least a first storage
layer (31) and a second storage layer (32) below the first storage layer (31), the method ¢ rising the
step of 5 preventing a write operation to a portion of saf second storage Iaye@éB'ﬁ?YSE‘Qﬁic?Qfgow a

maiden portion ofjga Bfﬁrﬁ(?ﬁ?egﬁﬁé%é%c(?ﬁ%) (9!19'@H%@W'B@aﬁh@ld&ﬂﬁ@ﬁ%ﬁ'&&ﬁ @fﬁ%ﬁ’cﬁlwt'on of said
second storage layer (32) if a sufficiently large portion of said first storage layer (31) overlying said

portion of said sefSAFLI8GSTINL FE53IHALELEXD: written at least once, said sufficiently large portion of
said first storage 10 layer (31) being smaller than the total first storage layer (31). 2. A method of writing

an optical disc 2) having r[gé irbap(leél rﬁﬁttgf%%go?‘(?ﬁlc?o ((jsa”)n%gfn; H;%r’% %ﬁ%%té gt}storage layer (31)

and a second storage laye Storage layer Gt com rising the step of

preventinga writedefbeingtiofetechtym: pioton )o?fﬂaﬁ@rmﬁﬁdi@l@ﬁg@elwdﬂ(mﬁloéaﬁ@@%@low a maiden

portion of said firsi StRjRgemiemerRlhniagEeln e write operation to said portion of said second storage
layer (32) is prevented by defining said portion _of said second storage Ia er (32) as belgt% defective. 3. A

method accordingaOiRriohG AriFS HVQ‘H“?&HBF bdﬂéﬁ%?&&%%@@%&@ YHIER ARS8 Mge blocks and

storage blocks whigiatedenntes edyoienspmageilyyee 8% daasrheingdefistuady atefecliveing. thentedizod of
formatting an optlg%cgrsc ei(%)]lhaw L%|?y % I)et%Laxered storage space (30) comprising at least a first storage
(

layer (31) and a second storage aye elow 25 the first storage layer (31), the method comprising

the stepsléf: - defining logical disc addresses (L) for logical blocks (40) of the storage space (30); -

defining a resgyved storageasrmaﬁ%@ﬁrgﬂada&tﬁar@ragaaﬁmam@%tn eGP H8I8T H*@ icOL) and
storing the defect list (DL) in a predetermined portion (52 ?‘ of the reserved storage space (30RD1); and

19 21 Novemb& ik p‘?ﬁ%‘&i?ﬁétﬁ?rfﬁi‘iﬁ@ﬂ@%@é@t% Dlddresses of all blocks (40) which are

physically located in the second storage layer (32).
7. A formatting method according to claim 4, also comprising the step of:
15 - writing disc address information (DAI) regarding the relation between physical disc
addresses and logical disc addresses into a predetermined portion (51) of the reserved

storage space (30RD1).

8. A multi-layered optical disc (2) having a multi-layered storage space (30)

20  comprising at least a first storage layer (31) and a second storage layer (32) below the first
storage layer (31), the disc containing a defect list (DL) in a predetermined portion (52) of a
reserved storage space (30RD1), the physical disc addresses of all blocks (40) which are
physically located in the second storage layer (32) and which are located below a maiden
portion of said first storage layer (31) all being incorporated in said defect list (DL).

25
9. A multi-layered optical disc according to claim 8, also containing a defect type
list (DT) in a predetermined portion of the storage space (30), wherein, in respect of those
blocks (40) which are physically located in the second storage layer (32) and which are
located below a maiden portion of said first storage layer (31), the defect type list (DT)

30  contains a virtually defective code indicating that these blocks are only virtually defective.

10. A multi-layered optical disc according to claim 8 or 9, also containing disc
address information (DAI) regarding the relation between physical disc addresses and logical

disc addresses in a predetermined portion (51) of the reserved storage space (30RD1)



5. A formatting method according to claim 4, also comprising the steps of: 5 - defining a defect type list
(DT) and storing the defect type list (DT) in a predetermined portion of the storage space (30); and -
writing into the defect type list (DT), in respect of the blocks (40) which are physically located in the
second storage layer (32), a virtually defective code in&@ating that these blocks 'E{Pé%?ﬁ?r\ﬁmpally
defective. 10 6. A formatting method according to claim 5, wherein the defect type list (DT) is stored in a
portion of the reserved storage space (30RD1). 7. A formattirrlt(%?m_ethod according to claim 4, also

comprising thetdtep of: 156N hS¥SEauFLLL FARSRE A GATEAI N9 &g ariing BrRarf3tiatf Between
physical disc #gnlressagarctvgoaaiise pocdie spasalnisedpvedejesaite foowidimElnofithe reserved
storage space,(30ORD1). multi-la d.optical disc avi Iti- red storage.space (30) 20
comprising at Ilégtesrf% ?kéf%tdcﬁ}sg eglgzil/\é{r%%ﬂ"éﬁlﬂg %é%%gt(rﬁ%% é-' osﬁagg(% ?%@ééré(é%{%@gﬁ?ﬁsg%?ls?t&storage layer
(31), the disc ctnitginlagpa(dbrent AsecDnd sioragsrisetésrlihelavpbrtibirs(SRyask dayeideieldisiitge space
(30RD1), the FH?}’(%%%@Jﬁ%l@gﬁéﬁﬁsﬁﬁ&%é"ﬂo%ﬁkﬁr(ﬁ%Wﬂiﬁh%%ﬁerﬁﬁbfﬁiﬁﬁdbéémﬂﬁ@ﬁysecond

i

storage layer (32) and which are located below a maiden portion of said first storage layer (31) all being
incorporated iP¥f GERBAIMREBI). 25 9. A multi-layered optical disc according to claim 8, also containing
a defect type list (DT) in a predetermined portion of the storage space (30), wherein, in respect of those

blocks (40) whjch are physigcally located in the second starage layer (32) and which are located below a
maiden portioni%f said firsté%'r%ggé'\laeysgr&@lﬁ@fecae elgt(%’/%greﬁlrig?{(@ rg%%n ANS é}/ﬁ{ﬁaﬂly defective
code inditatindightlbehagensiotkg aesrs(d) vianogtidelfdistvisivel (1) sutiele foyevatingaticwllidtisc according to

claim 8 or 9, alsguRarAIRNGIASe) aeskeRR Iy BloBrRALRA NG e tRlaiANdgMAenphySical disc

addresses and logical disc addresses in a predetermined portion (51Z9?f the reserved storage space
(30RD1) 20 2PRIGATADIEY H058Y freAleliret WP 's) BRASRIDYisc4phbie Sreosmiraliile AFtstish means (3)
and a light be#so(oenesatifilg spsamg£8). of an optical disc drive (1), suitable for writing a multi- layered

optical disc (2) having a multi-layered storage space (30) comprising at least a first
15  13. A disc drive system (10) according to claim 12, suitable for writing a multi-
layered optical disc (2) according to claim 9, also adapted to read the defect type list (DT)
from said disc (2) and to communicate the defect type list (DT) to a file system (20).

14, A disc drive system (10) according to claim 12, suitable for writing a multi-
20  layered optical disc (2) according to claim 10, further adapted to read the disc address
information (DAI) from said disc (2) and to communicate the disc address information (DAI)

to a file system (20).

15. A disc drive system according to any one of the claims 12 to 14, the system
25  being adapted to check, after having written a maiden portion of said first storage layer (31),
whether said first storage layer (31) has been written completely, to maintain the defect list
(DL) if said check reveals that said first storage layer (31) has not yet been written
completely and, alternatively, if said check reveals that said first storage layer (31) has been
written completely, to remove from said defect list (DL) all logical addresses of blocks (40)

30  which are physically located in said second storage layer (32).

16. A disc drive system according to any one of the claims 12 to 14, the system
being adapted, after having written a maiden portion of said first storage layer (31), to

remove from said defect list (DL) physical disc addresses of blocks (40) which are physically



5 storage layer (31) and a second storage layer (32) below the first storage layer (31), the disc drive
system (10) being adapted to perform a formatting operation in accordance with any one of the claims 4
to 7. 12. A disc drive system (10), capable of controlling a rotating means (3) and a 10 light beam
generating means (4) of an optical disc drive (1), suitabié for writing a multi- Ia%%@’%‘ﬁﬂ%’é?@ﬁ@c (2)

according to am_(:é?ét_?iﬁ’%tbk?rt%ﬁi8?§a$dt§’eé<9v_d%HE?%Q?I&Y?S%X%@&&&%)O\D%H?Q WweaRieshigeread the defect
list (DL) from said disc (2) and to communicate the defect list (DL) to a file system (20). 15 13. A disc

drive system (PBYIRBQIaIJits!t EiaAgeLsY€uitdble for writing a multi- layered optical disc (2) according to
claim 9, also adapted to read the defect type list (DT) from said disc (2) and to communicate the defect

|- t ot ype lst (OT) from 2) and to communicate the defe
i 20 ayeral optical dien 13 B s A & A 40 NAINEr s L P At WL e @

informatioh (DpdicHeimgGaldicisdySyaltiseaddaspasiniesedereniveddiiomssidarben Ao (DAY to a file
system (20). 1pyAiiSaOVR SYRIRRTAGSIRYS AR PPEaRd Big elééfaﬁ\ib?(ltfcéﬂeén\%&ystem 25 being

adapted to check, after having written a maiden portion of said first storage layer (31), whether said first
storage layer (31) has been written completely, to maintain the defect list (DL) if said check reveals that
said first storage. layer (31) Adsnotiyesesnastiieingeorapjeiedoa o, adienasively, ddkpidaioeck reveals

that said first storage layer. (31) I written.copmpletely, to remove from said .defect list (DL) all
ogical addrest S0 SRS DA R A e L P SRR ) 6.
disc drivel8ystehysicsd oielirag dissapsannts of tleeeyarhinrsaid tafegidisty@bmtodekegnielagseunt dfter having

written a maidegROsHRRIGh Rididtezt ﬁ%ﬁé%?f@yﬁ%&@ﬁ}hﬁ)bfm)&ﬁiHP&FE SR defeshisi(DL) physical disc

addresses of blocks (40) which are physically 21 21 November 2006 located in a portion of said second
storage layer (BONfBESEEY BBGReShRR IR Maiden portion of said first storage layer (31). 17. A disc
drive system according to claim 16, the system being adapted, when 5 calculating which physical disc

(2) and of a diddarve (1) corUENEA O G v R e e SRR Bl e 15 o 17,
adapted &  of an optical disc drive (1), and designed for handling the writing of user files to the disc and

the reading of user files from the disc, the file system (20) being provided with a memory

(25) and being adapted to receive from a disc drive system (10) according to any one of the

claims 12 to 18 a defect list (DL) and to store this defect list (DL) into said memory (25), the

file system (20) also being adapted to take the defect list (DL) into account when choosing

20  logical disc addresses in response to a command to store a file.

20. A file system according to claim 19, also adapted to receive from a disc drive
system (10) disc address information (DAI) and to store this disc address information (DAI)
in said memory (25), the file system (20) also being adapted to take the disc address

25 information (DAI) into account when choosing logical disc addresses in response to a

command to store a file.

21. A method of writing an optical disc (2) having a multi-layered storage space
(30) comprising at least a first storage layer (31) and a second storage layer (32) below the
30  first storage layer (31), the method comprising the step of preventing a write operation to a
portion of said second storage layer (32) located below a maiden portion of said first storage
layer (31) wherein the write operation to said portion of said second storage layer (32) is

prevented by defining said portion of said second storage layer (32) as being occupied.



read the defect type list (DT) from said disc (2), and also adapted, when determining which 10 physical
disc addresses are to be removed from said defect list (DL), to take into account the codes stored in the
defect type list (DT), such that blocks which are truly defective are maintained in the defect type list (DT).
19. A file system (20), designed for communicating witf4 disc drive system (1@ Ny @5p R %?gf-"[t)al disc

drive_(l), and _Qgsigned for ﬂ%ﬁé_{HBSJ é&ﬁqr‘@fﬂg&!ﬁe QBWQE,fmr@ﬁgﬁcﬂb%?t%%f%@dr%QHMWé@er files from
the disc, the file system (ﬁ% being provided with a memory (25) and being adapted to receive from a disc

drive system (RFLRDEHIELHRPEING BF it Ry AT IINg R P8l dHE MR A PYLH 1P d i @8his defect list
(DL) into said (fiemnmI29 tottwyefilaisygigion(@0jaidSedoaingoratpitsdri@ake the defect list (DL) into
account when choosing 20 logical disc addresses in response to a command to store a file. 20. A file
system according to claim 19, also adapted to receive from a disc drive system (10) disc address
informatioh (DA}) and to stdkditbiBysese dadttiressianeamimtivaalDA it asdigs AivmeysiqPI L0 fite system

(20) also being,giiapist tilale) S liferaratng Aninfeimalien (RADIRY BasRiRY hamchoosing logical
0

disc addresses in response to a command to store a file. 21. A method of writing an optical disc (2)

having a multi/AXFErE S YRIET RS 208 COTY s Brlefshadl R S1Q 3P aY b AR S e i SIePS second

storage layer (Rgriqei)welbe t80 flirstssickpgeyiayen (3 theharetirecicomiiigng ke tteptotiereventing a

write operation,to a r@%ﬂon a:‘sai secgpeg tora*ggd%ger (32) located below a maiden portion of said first
[

reading OF.USEr Tom : . .
storage layer ?ésf)aw erein: egv(\)/rlgéeopera 10N 10 54 ‘portion of said second storage layer (32) is

prevented®y defifilagystsiod pAhtiegingfrsaidded vvitestsragey [@Psr (32) as being occupied. 22 21 November
2006 22 A mejhnd AREAEIRIIQ RRIBH Ihotigr 8{&%@%}28{%@1@5‘ Qt/ﬁﬁ%%‘?&?ﬂgb‘fé((@gm WP (32) is

defined as being occupied by defining a system file with a predetermined name JMMY") to cover said
portion of saidSS¥edH ‘é’fbﬂ%@j%t%ﬁ@b%%\/ éTQS. 1A 5l BYRRERY RoRigi TRiredBin WIS BLERTY RS a disc drive
system (10) of(arHDpiicabeisard e thessiiad|egioslwstag dressestin ayspipdeapiaaniisan (2 baving a multi-
layered storage space (30) comprising at least a first storage layer (31) and a second storage layer (32)
below the first storage layer (31), and for handling the writing of user files to the disc and the reading of
user filesfFomantbatiiebeing dieptitd toyatine (Y plowihtepritvia ecedeidimainae vorg (BYMMY™), such

that this system file occupies all logical addresses of blocks (40) which are physically located

in said second storage layer (32).

24. A multi-layered optical disc (2) having a multi-layered storage space (30)

20  comprising at least a first storage layer (31) and a second storage layer (32) below the first
storage layer (31), the disc containing a file allocation list (FAL) in a predetermined portion
(53) of a reserved storage space (30RF), the file allocation list (FAL) containing at least one
system file with a predetermined name ("DUMMY™), of which it is specified that it occupies
all blocks (40) which are physically located in the second storage layer (32) and are located

25  below a maiden portion of said first storage layer (31).

25. A file system according to claim 23, designed for handling the writing and the
reading of user files to or from a disc according to claim 24, also adapted, after a write
operation, to receive from the disc drive system (10) the updated write history table (WHT)

30  and to update the file allocation list (FAL) accordingly with respect to said system file with a
predetermined name ("DUMMY™), such that logical addresses of blocks (40) which are
physically located in a portion of said second storage layer (32) located below said written
maiden portion of said first storage layer (31) are removed from said file allocation list
(FAL).



being adapted to receive from the disc drive system (10) a write history table (WHT) and to store this
write history table (WHT) into said memory (25) and to take this write history table (WHT) into account
when choosing logical disc addresses in response to a command to store a file, 15 and also being
adapted to define a system file with a predetermined ndfhe ("DUMMY™), such gci’aﬁiod‘ﬁg‘g‘jfs%@% file
occupies all logical addresses of blocks (40) which are physically located in said second storage layer
(32). 24. A multi-layered optical disc (2) having a multi-layered storage space (30) 20 comprising at least

. (30)
a first storage F&yer (31) an PLECAAGEHIngE GRAGALSHC KRl OAVIAG FiRd ItlaYS5d P3PS 55 Ghe disc
containing a fils@)laragiasinisit(fledst ) ifirst soeatptéyoir(et) podtiosec¢bd st acesaned)demgespace (30RF),
the file allocatigp,li A (nj east opne. sys file wi edetermipned "DUMMY"), of
which it is speﬁ%’ég %ﬁ%teilﬁg%?:@plééﬁ%ﬁé oogfgodl%'s\}v iéi%tré %ﬁ@%ﬁgﬁr{ |§<¥§§;}‘mg¥ﬁa§ i’f}s,'r{f&a(rtl)clﬁg storage
layer (32) and v Dceaearsmpdioasreehaideshpiediortiet sard fest sraesppstiaf/the (@ogkeBhyxifitdsystem

according to cigiieaSindRSIRGH QbRGNRYRR IS, WERHGRIRHRG WRARUNSHdi 36 HIRRR @ from a disc

according to claim 24, also adapted, after a write operation, to receive from the disc drive system (10) the
updated write WEIBH) HBIPIR/HT) 30 and to update the file allocation list (FAL) accordingly with respect to
said system filefwattirg theedeteonaified pradee (iiiddMYE ), 'stah thsptngichbadoliessés thé bdooks (40) which
are physically located in rtion of said_second storage laver. (32) located below said written maiden
Porion of said e e B S B B O B TP W vrmoer
2006 261A mé&IRpbansf writing an optical disc (2) having a multi-layered storage space (30) comprising at

least a first Sto&ﬁSr%J@Hﬁrﬁf@rﬁé‘gp%rﬁ_ﬁé}@&ﬂa%ﬁf@&%dﬁ)é&rir(%?e) REY Hor iRl eIQERgsRKRARL), the

method comprising the steps of defining a write allowability table 5 (WAT) comprising in respect of each
block, that is, 2E/8¥<t PAKRRITIBR AR Spiparcing" &b@dﬂi?’n"fﬁ%%@&%m%&%ﬂé@% (82), a code
indicating whethec®respdritingadtaieatithe wiitelosatsititplioelke Ol/sating tarl ¢osteptedatdiratretedetermined

value ("0") in respe 1;6), those blocks in the second storage layer (32) which are located below a maiden

portion of the &t secofid storage layer 10 (32), and
15

27. A method according to claim 26, wherein, after a maiden portion of said first
storage layer (31) has been written, in respect of those codes in the write allowability table
(WAT) which correspond to blocks located below said written maiden portion of said first
storage layer (31) the value is set to a second predetermined value ("1") indicating that

20  writing is allowed.

28. A disc drive system (10) capable of controlling a rotating means (3) and a light
beam generating means (4) of an optical disc drive (1), suitable for writing a multi-layered
optical disc (2), the disc drive system (10) being adapted to read a write history table (WHT)
25  from said disc (2) and to store said write history table (WHT) into a memory (19), and to
calculate a write allowability table (WAT) on the basis of said write history table (WHT), and

to communicate said write allowability table (WAT) to a file system (20).

29. A file system (20), designed for communicating with a disc drive system (10)
30  of an optical disc drive (1), and designed for handling the writing of user files to the disc and

the reading of user files from the disc, the file system (20) being provided with a memory

(25), and being adapted to receive from a disc drive system (10) according to claim 28 a write

allowability table (WAT) and to store this write allowability table (WAT) into said memory



of preventing a write operation to a block located in the second storage layer (32) and located below a
maiden portion of said first storage layer (31), said write operationbeing prevented if the corresponding
code in the write allowability table (WAT) has said first gredetermined value ("0"). 15 27. A method
according to claim 26, wherein, after a maiden portion éf*said first storage Iay@iL (gl‘ﬁeﬂ‘%rt?@@ﬁ written, in
respect of thogesyosipsisotha it aiawrailintaia: VAT My aasoresRyIdadkiasksiesated below

said written maiden_portion of said first storage layer (31) the value is set {o a second predetermined
value ("1 ") indiBaRHLHIPH AR ARG FSSERANEP IS 1R At YR L9 st 3 1) capable of controlling a

rotating means (3) and a light beam generating means (4) of an optical disc drive (1), suitable for writing

a multi-layered, optical disc,( tlp (¥ driv m %J ing adapted to r r g’ ory table
WHT) 25 ron?aid aise (2 CF 0/ 10rd SaiaE g M € e BB A R et
calculate & writsiédlenveibiktyaalsliscUxayystenhe Bdsiscepsiaittevkitd Anstong edishe C\aimT ¥ 1dad Sto
communicate gaighwrite allowability table (WAT) to a file system (20). 29. A file system (20), designed for
communicating with a disc drive system (10) 30 of an optical disc drive (1), and designed for handling the
writing of user files to the disc and the reading of user files from the disc, the file system (20) being
provided with a memory (25), and being adapted to receive from a disc drive system (10) according to
claim 28 a write allowability table (WAT) and to store this write allowability table (WAT) into said memory
24 21 November 2006 (25), and also being adapted to take the write allowability table (WAT) into
account when choosing logical disc addresses in response to a command to store a file. 30. A disc drive
(1), suitable for writing a multi-layered optical disc (2), the disc 5 drive comprising a disc drive system
(20) in accordance with any one of the claims 11 to 18, or 28.





