1 24 April 2006 Multilayer record carrier and method of manufacturing thereof and recording thereon
The present invention relates to a multilayer record carrier such as a recordable optical disk of the
write-once or rewritable type suitable to be scanned by a single scanning device and provided with at
least two substantially paraIIeI information layers, whefein data is written in units oBlAgks 200Backs of

the at least twq |nformat| ers. Furthermore, the 5 present in i0 relat s to a method and a
recording %g EGY g'iﬁrgaﬂ ﬁ(ﬂj%”aa%f Hrlfynt}éq ﬁa@q @%Fnﬁrgﬂﬂfactunng such

a record carrier. Optical data storage systems, such as optical disk drives, allow a storage of large
guantities of data on an optical medium. The data is accessed by focussing a laser beam onto the
recording layer of the medium and then detecting the reflected light beam. In 10 reversible or
rewritable phase-change systems, optical media with two stable phases is used. A data bit is stored
on the media by converting a small local area to one stable phase. The data bit can be erased by
reverting the written area back to the starting phase. The starting phase is typically a crystalline phase
and the laser beam writ¥helptesht ioveliyi aoralertng thmuitiperalscotdeataier Rubrdosr atellable

amorphou an b achieved by heating the Illne regiqn above its melting point
et then COBINE A AAGP oY Nt B SMILIEIT SPGHIIEPEte TRt sk craut e
amorphousetitetnteproveieaiai mtacwaimerdwbslrmmﬂl joparandammmme’spwh@bas@atmck to
the starting cr alllne as w the a hoys r S heat nd maintained at or
above s O L R AT e dceh) S LHar o0 Can NI Z01EH
crystalizegbrddent m/émn@mGMpQMthandar@mrS}ysmppawmjmréewm@dmmnmma in
reflectivity between.a Cgﬁ aII| % 8‘? c%n and ntamor§]J us reglcén on.the optical medium. To increase
the storageeggpa%?{y oF P s?< Pﬂ%‘pﬁ’% FEOS f EiHs have been proposed. An
optical disk having two @pncaledmastdnagelayaesrmaydbmam&%ehbhﬁdﬁ@@ltwpamﬂmparated
recording layers b an the focal position The Iaser F) is transmltted through the
nearer reclloar¥ naqé}geg ogre(%éI ENEY qué? Atd" %Oﬁ%hezﬁa'ﬁ r HeCoTe ng 1a yef]op f‘s'yeqrs ﬁeﬁtlpef%m
recording laytertésicsoating éatlenofhtbeinedivechattt hen aleteg rhgythesrh‘dz@mtedm ghelsbiak durface onto
which the laser light is Inci and th ast 0 rthest recordin rface be
light- Ilgrdz;msmlssweIlg1 3 maxflnalgze prll %%@E? € oogf(C oraegoi capac s}ng (?S?%aﬁ iSKs, the
recording dedatiaybis isishatechtialtiiecmedtaly converting asmall local areato one stable phase. The
data bit can be erased by reverting the written area back to the starting phase. The starting
phaseistypically acrystalline phase and the laser beam writes data by locally converting the
material in the data layer to a stable amorphous phase. This can be achieved by heating the
15 crystalline region above its melting point and then cooling it quickly so that the disordered
structure gets fixed in place, resulting in an amorphous structure. The data bit can later be
erased by converting the amorphous phase back to the starting crystalline phase. Thisis done
when the amorphous region is heated and maintained at or above its crystallization
temperature, or aternatively melted and slowly cooled until the region is crystallized. The
20 datainthistype of phase change system isread or detected as a change in reflectivity
between a crystalline region and an amorphous region on the optical medium.
To increase the storage capacity of an optical disk, multiple recording layer
systems have been proposed. An optical disk having two or more recording layers may be
accessed at different spatially separated recording layers by changing the focal position of a
25 lens. Thelaser beam is transmitted through the nearer recording layer to read and write data
on the farther recording layer or layers. Multiple recording layer disks require that the
intermediate recording layers between the disk surface onto which the laser light isincident

and the last or farthest recording layer from that surface be light-transmissive. To maximize



across the entire disk surface. In (rewritable) optical recording with random access, the data is usually
written in units of ECC blocks (e.g. in CLV systems without headers), in fixed recording unit 5 blocks
of a fixed fraction of an ECC block, such as for example 2 Kbytes or 4 Kbytes of user data (e.g. in
Zoned Constant Angular Velocity systems with headets where the distance betwe@d Ayi h2@akrs is

an integer mulfiple of these recordi nit blocks), or in variable length fractions of an ECC block (e.g.
i Digita) VIR TR G S e b B B SV S U A A SRR st
between twerheateentapdivkisngase 10 "simply” stopped before a header and restarted after a header
with the inclusion of some  segment.run-in and segment run-out data to quarantee proper behavior of
the electronics). Theselﬁéﬁﬂ%@ﬁ%?ﬂg@?r %ﬁﬁghraﬂ%%arﬁﬁﬁ%ﬁ@a@aiﬁ E%fé&ystems and
"SYNC Franies) in (B o ysDis ok 9@igaln tordsgsttnes svittibub hestrs) thefiead rdooadriey isit
subdiyijded jn sectors, each sector comprises, a header cqntaining an ress unigyely 15 identifying
the schior RS LA TR L Bl e S 25 L AT oS O PP SB o
and correaii;a @gler(Z266e) CoretardadginabVaysteystemg witkchEnlertaviiehe thd i wéeiceity (ZCAV)
system is used. In such systems the capacity. of a sector is not.constant oyey the. disk. The linear
onsity ia AN AT EoER e MR Py el o DKLt B gt of o
20 track (i lengthef cictionyefenceCE thedtise)gid nroigasing dediRadarclion & ¢hisamaragetB©Oter radius
of the disc, while.the number of headers per revolution is,constant. Thus, the number. of. bits between
o headeP OSSR IR AT ISR A LRl LT S AGS Dehies hvp et o WSS - O pican
Disc Hystetsi fopl Pigitephpéad eef Brecondzogl ahd chstaiiid efted 3 Odddey Gt il nduis drilel Sorh@99, Kauai
Hawaii, SPIE Vol, 3864 (1999), 50-52 and .25 J. Appl. Phys. 39 Pt. 1 Nq..2B (2000), 912-919, and
K Sena ORI R i SR S e e 0 o A B oot 190w
2000 (SepTdredacir aHad) o\ HED blatk ssarer it ed tHRenend i ngFidaesiata DRty ferhnlkad Y84 NKe data
that is already present.in.a controlled way to guarantee the yalidity of hpth the already present data as
well ms et B S e R o S s BT S B sy it
block, two sulsdisides iarsettdrsnedeinsiedive cavphiseskasisadél covitbieingitie adovess timquelr data in the

e RIS B B R B A e e
reading elentepricsetbaiod favedmectibilitotte (E€E) 6 sfimcorded.
In DVR systems a Zoned Constant Angular Velocity (ZCAV) systemis used.
In such systems the capacity of a sector is not constant over the disk. The linear density is
approximately constant and the number of tracks per zone is constant, but the length of a
20 track (i.e. one circumference of the disc) isincreasing with afactor of 2.4 from inner to outer
radius of the disc, while the number of headers per revolution is constant. Thus, the number
of bits between two headersisincreasing. The DVR system and format is described in T.
Naraharaet al, “Optical Disc system for Digital Video Recording”, Techn. Digest
ISOM/ODS (MD1) July 11-15, 1999, Kauai Hawaii, SPIE Vol. 3864 (1999), 50-52 and Jpn.
25 J. Appl. Phys. 39 Pt. 1 No. 2B (2000), 912-919, and in K. Schep et al, “Format description
and evaluation of the 22.5 GB DVR disc”, Techn. Digest ISOM 2000 (September 2000).
When data is written, the newly written data has to be linked with the data that
isalready present in a controlled way to guarantee the validity of both the already present
data as well as the newly written data. For example, when writing a new block behind an
30 dready written block, two measures are taken. First, the new block should not be written over
the user datain the already present block. Thisis guaranteed by introducing a gap between
the end of the present data block and the start of the new data block. Second, the new block
should be read correctly, i.e. the reading electronics should have the ability to resettle, for

example, the amplitude (by a gain control function) and the frequency and the phase (by a



example, the amplitude (by a gain control function) and the frequency and the phase (by a 3 24 April
2006 Phase Locked Loop for data detection). This is guaranteed by preceding the new data with a
preamble field which contains a repeated pattern long enough for the circuitry to stabilize and be well
settled before the first user data is read. Fig. 6 shows & principle recording pattern afltAjgrig @066l

method wh rein a ording unit block (i sical cluster) alwa send with a postamble (PoA),
o o spot T ORI AE B ARG DS SO e R ST AR AR AYG LR, for
i.e. afield pmmmﬂ@dmmmémgmewm@paﬁ@m ongseiolightf dataeeivial tep tddt asiiftesgnd

read-back of th % such a for example, the PoA of a previous recording, and a gap
or gap porHSHV r%h?géofﬁé ?rtﬁsr ap'3§ e present next 10 cluster is not overwritten. The

next recording unit bloclm@es gm\/@@q@mp@abchmtag)mﬁaﬂ ovithi Sggarehgaithdol prigsreit averwriting,
a guard field Gl and a. le PrA The rea_cqmprising the postamble uard fields GI and
a5 1 ool AT T ol o Ay REE e A RS B AP Sl Eeding
recording epécilogikstére tosiigeaatingndblyaserdetustekid U Jimetwisnickionpestéanandmated in Fig. 6
indicates bble s I recorded n the gptical disk and use a timjng reference for d |V|ng the
wite clocl B B8 & RGO AN EFe A e L WSS LA B PR A 2
toleranceswnfué@readtbbalaoe m&JmWNWmmsdﬁataaDM$mt@¢ahpledh@Pdﬁa)Paﬁr@mﬁwe end and

f th ard fi Gl and G2, ly. 20 | Iti he ab linki
method oS00 1% B TR HEINILR R B PAL FSP s poam

passts thrdugiertrsangapsemmlttem p’pm*dexameoohmreﬂﬂmkhedralmnussmsbarela:megtstamsthe
degree of tr nsmlttl he u er differs in de e of the | transmittivity of
the upper LA URIB R ST AH WA ot S R o NG 8o 25 wher
the gaps anerfmrgengmﬂe ﬂestmnldma?nmethmgn&fﬂ fgiste®s ander2 thtegaprsamtambweamllme@m\(ns
typically about 0 hile the diam ft e beam in the u ut 40 s Wh n reading
the lower Ia?/llg?&e% aVY' %' n%apes‘;i gegd{i Fhe et a?r?&eﬁjar%r%% UHIGIgﬁl orl g tracﬁs i as, for
example, qnmyla«—:adaduﬂtaﬂ)as of a CLV or ZCAV system where an integer number of ECC blocks fits

almogt exactly on an integar MUIRIG oL ShemiFLaledh GBI~ wobble signal
recorded on the optical disk and used as atiming reference for deriving the write clock and as
aposition reference indicating the writing position. Predetermined maximum tolerances A1,
A2 and A3 are allowed with respect to the start of the postamble PoA, and the end and start of
the guard fields G1 and G2, respectively.

20 In dual or multilayer systems, the above linking method |eads to the problem
that the lower layer is read while a significant area of the laser beam passes through the gaps
of the upper layer or layers. Thus, the transmission characteristic or the degree of
transmittivity of the upper layer differsin dependence of the gaps since the transmittivity of
the upper layer is different in the written and in the non-written state. This problem increases

25 when the gaps are large such as, for example, in DVR systems where the gaps may have a
length of typically about 150 pm while the diameter of the beam in the upper layer is about
40 um when reading the lower layer and when the gaps are at the same angular position in
neighboring tracks such as, for example, on the radial areas of aCLV or ZCAV system where
an integer number of ECC blocks fits aimost exactly on an integer multiple of one or severa

30 circumferences.

Furthermore, in dual or multilayer phase change disks, the effective power in
the deepest (second) layer differs according to the physical structure of the upper (first) layer.
For example, the transmission characteristics or the transmittivity of the header area and of

the rewritable land/groove area of a phase change disk are different. The effect of the header



Furthermore, in dual or multilayer phase change disks, the effective power in the deepest (second)
layer differs according to the physical structure of the upper (first) layer. For example, the
transmission characteristics or the transmittivity of the header area and of the rewritable land/groove
area of a phase change disk are different. The effect of the header 4 24 April 2006 24rAarih 20061pper

layer on the deepest layer, is the sym of two effects. First, the headers have a transmission
characterEECARICR ol dVSF D NHREBTaH EE (15 SV A VBB b (A EELB DA R e
:angjgroomansﬁa@;méﬂf@m@mmgenaﬁaymfaa\fﬁ'I bhsmaélloﬂhww@;fmdnmd a/im?acmhdlemﬁin éhe
and/groove area the difference may be substantjal. Secondly, 5 just before and just after the header
aa o ST B A A S e aia a0k T B SaTL BOWES Do he
segment ruhén abaats assbibedsaghed ahdlgrcavieenestheithf fegapdiatyrbalkebdeiatia asioaiiy yyritten.
This gap is used. for, for ex le, the random _start position shift (in the segment run-in) used for
oreci o AL AR P Bl {06 A e T e ek A e VA st O e
segment rdoetotiheihan ther BxaDypiR,3fseehdthi deqatimtused isssithtiyd dngsiginent the-oatendd length
due to inaccuracies when deriving. the write clock fram the wobble signal or when writing yith a
(vom ok i B (8 Pl o o S o R B e SR e, i
PrA is writkeartgpgsi tioradiaft Gettlersegrefitthendieotsadibsr. iMbressthg thiansmissioh guebleite dugtdo the
gap portion in the upper layer, 15 occurs between data clusters and between a data cluster and a
header ardl SHISHIAINEIK AERraSwrec s et L Hhen ot e o o
(rand@m) roiskgtimesat] he tivglethy trenberatian tEohkesioblhengtipeuiestod reictuedc eswHefaienaiag layers.
Header alignment or corgespqondence requires a tight centering.and, angular glignment between the
e o T e R A o VR R e s B R s o
peak-to-padiorsovetddiereapdiieroeslteng gdos, thgualis filelceane atpdpedmblafitld Pradevaritidine.fyvo

information or recor {p layer, Thei[s gislgxlacement may result from unroundness (assumed to be
1 é\r,]veﬁ(o the electronics.

small, i.e. fgs%“fh‘% errjm), eccentricity (decentering of the center of the spiral track with respect

to the central hole) and Tanguthe tifferarssmniprelienahie tmthe DHpepsptiia trattic wiberdaperct to the
e A MR AR en e g o epicaton process
allowed eccentricity of ITbhertransakstiopgmibbed dnedtdihebcade deeatssidig hicatiyahoressed in
case of a (random) misalignment between the header spokes of the upper and of the lower
information layers. Header alignment or correspondence requires atight centering and
angular alignment between the two layers. E.g., in the DVR system less than approximately
20 onewobbleg, i.e. less than 30 um peak-to-peak, would be a preferred range for the
displacement between the headers in the two information or recording layers. This
displacement may result from unroundness (assumed to be small, i.e. less than afew pm),
eccentricity (decentering of the center of the spiral track with respect to the central hole) and
angular difference. The decentering of the spiral track with respect to the central holeis
25 introduced mainly in the moulding step of the disk mastering and replication process. The
above mentioned preferred allowed displacement range between the header corresponds to an
allowed eccentricity of 15 um peak-to-peak and an allowed angular misalignment of 0,015
degree.
Document US 5,715,225 discloses a multilayer optical record carrier and data
30 storage device, wherein two separate optical heads are used to improve the alignment
between the different information layers. Each optical head includes its own actuator. By
using two separate actuators mechanically and electronically linked, tracking and sector
information can be obtained from the appropriate recording layer of the optical storage

device which was preformed or formatted. Thus, one of the optical heads is continuously



degree. Document US 5,715,225 discloses a multilayer optical record carrier and data 30 storage
device, wherein two separate optical heads are used to improve the alignment between the different
information layers. Each optical head includes its own actuator. By using two separate actuators
mechanically and electronically linked, tracking and segtor information can be obta?de&ipiid 200E:

appropriate recording layer of the optical storage. device which was preformed or formatted. Thus, one
o the ot RO TAIN LGRS S ARFOTH T oA R GHATGRgor CRRRCCB i
tracking angyterimablimawsaiion tHénedsanidirgetayeibionusactsaasyethe reepdeinorlexer on which
user data is being recorded, or read. Furthermor cument US 5,764,620 discloses a multilayer
optical recording carrieﬁ;i HW@P%Q?&HMBH%%%&@J@E%W@?@'%%Q%W 'Eingth,
while 5 alleering lighthibavieg dber dipraperselangtbrigtivanradkiier di theengvazdendtiackiorethe
recording layers is diyided into g plurality of sectors each of which has ap identification section. The
dentioat Oy S S LG el B N 0 R (R KA Brevent the
light beamrésortliigieyeating diigidbotioa slerdifigaicecoctierd cfinvbithriesuslydésificaiit, cross-talk
or influences between. neighboring identification. 10 sections can be reduced. It is.an aqbject of the
oresent iSO LB SR B et AR G e GE A Ao S SURBRARdRon such
a multilayetheestsy premene thatidia beathddef i hoannésioy negishorg inertipleatayresasticarsl carrier, by
means of which transmission 15 differences in the upper information qr, recording layers can be
reduced WSRO r L T B St R B B T G L v by a
multil@yer secthodsocamibe asddedohed in claim 1, a recording method as defined in claim 11, and a
recording apparatus as defined in claim 18. Accordingly, by setting the length of the first and second

guard fields such that the end 20 position of the second guard field of a preceding data block is located
within the area of the filsi gaaatbjieetcdbfitbpresateadany alata rodkicthenghi gyertrenobe tarren, a

e A S LT A RS AR BB o2 e
object is aotapurizdtoyi agrsudtilayeul tgxte feyeanecoralsc B et iy etbanotdimhichat rawontisgrmethod as
definﬁg in 8|jﬁ’iérne%élésa}ﬂ 1 L%%%H'rﬁ r%%%@%urs’ré%%rdi ng layers can be reduced without significantly
increasing the complexity of the system.
This object is achieved by a multilayer record carrier asdefined in claim 1, a
recording method as defined in claim 11, and a recording apparatus as defined in claim 18.
Accordingly, by setting the length of the first and second guard fields such that the end
20  position of the second guard field of a preceding data block is located within the area of the
first guard field of the succeeding data block, the gap portion between neighboring data
clusters or data blocks is prevented. Thereby, a uniform transmittivity can be achieved in the
upper layers, since no gaps are provided in the linking areas.
Furthermore, the above object is achieved by a multilayer record carrier as
25 defined in claim 6, arecording method as defined in claim 14, and a recording apparatus as
defined in claim 20. Accordingly, the length of the first and the second guard fields is set to
be greater or equal than half the diameter of areading beam in the upper information layer
when focussed on the lowest layer plus an allowed misalignment between the two layers.
Thereby, it can be assured that the length of the guard fields in the upper information layer is
30 sufficient to provide an area with a uniform transmission characteristic or nature through
which the beam passes in the upper layer within the beam diameter when focussing on the
deepest layer. The whole area covered by the diameter of the reading beam in the upper layer

thus comprises written data and no header or unwritten area.



defined in claim 20. Accordingly, the length of the first and the second guard fields is set to be greater
or equal than half the diameter of a reading beam in the upper information layer when focussed on the
lowest layer plus an allowed misalignment between the two layers. Thereby, it can be assured that the
length of the guard fields in the upper information laye6is 30 sufficient to provide ar24repriv2008

uniform transmission chﬁacter'stic or natyre through which the bea .ggﬁsies in the upper layer within

h
the beam diameter wheh 15 ASGHY BATHE STEB SO SIS Ao P Wameter of
the readingdpg ambithg Terstpelrsa&y®id Huasddesngises written data and no header or unwritten area. 6

24 April 2006 The uniform transmission characteristic can be achieved by writing dummy data into
the first and second gua{%ﬁ% qu?@f I}Pﬁ%&%"ﬁ&@é’bﬁ#ﬁ%ﬁ%ﬂ%&#&@%ﬁﬁ%e second
guard fieldi enchitietHisasteloospeaor befwesntibederdarcaraniandfine §usk @fiard itejciscgater or 5
equal than the predetermined minimum length of the first apd second guard figtlfis n particular, the
onottPor (R G ARG RHE BUTEH GG (B0 e et FSER AU LetPRcias. Thereby the
length of tiergaplin the lepger dayies igys hostonsucy thabtivel pb asel eclgin gbttatiréndhe sepped layer is
not "seen" anymore by the reading beam when reading the header area in the deepest layer. By using
i the at ISR LA O LI B ChiE o R et B R s e Ry
between tlvhanderdagdionthey@pecday bei saniiitseed” AdlgitioredilytHb ecatliogdhedjeatienaehittngthey a
method of manufacturing a multilgyer record.carrier as defined in claim 22. The optical alignment of
tho o inf BT P SEBHFRLTHER 1 HR Bt Rl Nt B A B o B 0o top o
eachigthel eagithf thahéuzaih aad guaio filvkds pmyenrhé tayetvhesrethei afteniaiotheyesaetihg performance in
the lower layer, since they are alyays faci nother header. By the ahove proposed increase in the
ength of RN RS AN oD PRl R Den DA RE S SR B TR 08 completely
written, areaultitayer necord icayroer rasdifigatiendaddnr2the deepest layer. The optical measurement and
alignment can be performed by using a camera 20 device, such as a CCD (Char oupled Device)
camera. Preferably, theﬂﬁ%ﬁm&i mggr rgeﬁ?acf}[%réehgg Qﬁ)grréagl's?ne%y. 24 e}%sptﬁegﬁ%@%éﬁ on the
at least twihenfeonayse dey providethexactbeothemud &sohinthpoisishtiagt themgaiieestinaheaippeiocated on
an in{ger dilame er and aeﬁmfter H]iameter.of one, spoke or a% an .
ayer have no effect on the recording performance in the lower layer, since they are always
facing another header. By the above proposed increase in the length of the guard field, it can
be assured that the beam passes through a uniform, i.e. completely written, area when
recording or reading the datain the deepest layer.
The optical measurement and alignment can be performed by using a camera
20  device, such asa CCD (Charge Coupled Device) camera.

Preferably, the alignment marks may be header areas, e.g. header spokes,
provided on the at least two information layers. In this case, the measuring points may
comprise two points located on an inner diameter and an outer diameter of one spoke or at an
outer diameter of two opposite spokes, and one point located on a spoke arranged at an angle

25  of 90 degree with respect to said one spoke or said two opposite spokes, respectively.
Thereby, two spokes of headers positioned perpendicular to each other can be aligned, such

that the alignment is fully determined. In this way, two layers can be fully aligned in one
step.

30 The present invention will now be described in greater detail on the basis of a
preferred embodiment with reference to the accompanying drawing figures, in which:

Fig. 1 shows a schematic diagram of a dual layer record carrier and a scanning
device for an optical disk player according to the preferred embodiment of the present

invention,



outer diameter of two opposite spokes, and one point located on a spoke arranged at an angle 25 of
90 degree with respect to said one spoke or said two opposite spokes, respectively. Thereby, two
spokes of headers positioned perpendicular to each other can be aligned, such that the alignment is
fully determined. In this way, two layers can be fully aligned in one step. 30 The pr24&xrih28a8on will

now be described in greater detail on the basis of a preferred embodiment with reference to the
ccompanying arawing S A IER ORI hoCH BN 2 e LR G2 Y B G g recore
carrier anchecsadinginohegyiserfed amopdieaddjsk player according to the preferred embodiment of the
present invention, 7 24 April 2006 Fig. 2 shows. a recording structure of an upper and lower recording
layer according to the d?@e%r%o\é’ﬁ]ﬁgm%@mﬁ%%%é%%%ﬁ&%ﬁmﬁgﬂiﬁgeﬁﬂ?%%ﬁonsmp
between thetgpaoingo bedvrey hagers entting deysstaoidd headiiagsian oh eneagshiod &aamwhierthe upper

layer g%/her} 5 foc sset%gsp the Iower layer, Fig. 4 shows different types of misalignments between two
recording Ié&%@e, Hﬁa RAWS' Bferent measurement positions for an alignment procedure and an

aligned disk according tpithe phefesrdiff erragpeeot 0f 4 egpreses biavesrtioworrigobdihyplagers ecording
scheme with a data-linkj ea accarding to the 10 prior art, and Fig. 7 shows recording schemes
Wit data finking areas SCoRRHED THLSF b SR L BT e AT GBI E AL the
present inardiigmed sk Eefeirdingtolis pretatred bmbodheate ot he gresetihénbastionf an optical 15 disk
player for recording on and regroducing from a dual layer optjcal disk. Fig. | shows a cross-section of
the dual layer record caﬁgr ek §£§fﬂfﬁ?ég %ﬁ%‘&'é&éﬁﬁ‘ﬁé'ﬂ%ﬁ% £8 967Y 'tﬂgjﬂl%ganning the
infora@tioprstorard emthe record carrier 1. The record carrier | has a transparent substrate 5 provided
with a first information layer_6 and a secqnd information, layer 8 substantially paralle| thereto
Separated by a 20 transl b UALE RN ARG G T ey e GRBRT it
embodimeart ahthecceaing tathie pief éned emitedi wiemtfof thetpeday ey enfigrbe more than two.

The preferred embodiment will now be described on the basis of an optical
15 disk player for recording on and reproducing from a dual layer optical disk.

Fig. 1 shows a cross-section of the dual layer record carrier 1 and a scanning
head of a scanning device 10 for optically scanning the information stored in the record
carrier 1. Therecord carrier 1 has a transparent substrate 5 provided with afirst information
layer 6 and a second information layer 8 substantially parallel thereto, separated by a

20 transparent spacer layer 7. Although only two information layers are shown in this
embodiment of the record carrier 1, the number of information layers may be more than two.

The scanning device 10 comprises aradiation source 11, for example adiode
laser which generates a radiation beam 12, such as alaser beam. The radiation beam is
formed to afocussing spot 15 via a beam splitter 13, for example a semitransparent plate, and

25 alenssystem 14, for example an objective lens. The focussing spot can be placed on any
desired information layer by moving the objective lens 14 along its optical axis, asis denoted
by the arrow 16. Since the first information layer 6 is partially transmissive, the radiation
beam can be focussed through its layer on the second information layer 8. By rotating the
record carrier 1 about its center and by displacing the focussing spot in a direction

30 perpendicular to the tracks in the plain of the information layer, the entire information area of
an information layer can be scanned by the focussing spot. The radiation reflected by an
information layer is modulated by the stored information into, for example, an intensity or
direction of polarization. The reflected radiation is guided by the objective lens 14 and the

beam splitter 13 towards a detection system 17 which converts the incident radiation into one



The scanning device 10 comprises a radiation source 11, for example a diode laser which generates a
radiation beam 12, such as a laser beam. The radiation beam is formed to a focussing spot 15 via a
beam splitter 13, for example a semitransparent plate, and 25 a lens system 14, for example an
objective lens. The focussing spot can be placed on aBy desired information layer (24 #priir@D0te
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informationdayer 3. thy radtiag dhef thedel eacdeadiabion] ststhantes siopd y abispiatigéhe focussing
spot in a direction 30 m:}rH e e information la e entire

dicular to the tracks in the plain of ,t

ool LR B s R Lo e e AR R oS 000 o e BB fectea
by an infogpraticrwiakieespartadulaieddiyid sestart d hef smenkiyniker éeppi atpl e, servintgasity 18
direction of polarization. The reflected radiation is guided by the objective.lens 14 and the . beam
coties 13 Y O Ol L DAL R 3 CDhen B s 4 o1 e BT o e s mpr 2006
or more elggtti¢ Sigrhtsplanabilibmtipmatiorihayirtoimptierpesigival ahtatmdsish ernwasiidiatisheelated
to th lati f th lect diati that this signal ts the inf ti ich h
e road! SHBTTT OL RIS AL LR T FOLILTRRSORAS i AR o the
track to be read. The latFertsignadsenthemcalinthdaevsar vorapsiesnérts fshiciusagtriads teasogition of
the objecti 4 and.h th iti f the f ' t 15 in the plain of the inf ti
ayors and Rl SRI G YRERe 0 TR TR S LA LTV S AR eI S Ak i the
plainiof andiswantstierfdayssing Seoshannede tb ththestmaonaf cinesticanayeg deeistansmtiveed means for

ing the. f ' tq foll track, f le.in the f f the ab tioped
S+ o T s e e e M R A e i
mentionedrethiapddioe foendsiridspdoon sei Nt apadticanl derebhiesd by systams] 8fi Hmoseoliespgtam which
retains theclz?ncfp sinﬂ ggot onha(g] g}fa(t)rmation Iaa?‘er:]r. Tht? Servo sxrstem 18 is controlled b ta} eé:é)lntrol unit

. un whi in acc?r ce with g contr rogram ogn%Jre Ccor nl%.
36 which operates In accordance with a control program to ensure correct reading ot the recording

tracks of thué ihdrevartiomgltgeks 6f BieThimicnatimi [z st 8mEeasatiob pregoadbriiay alsting asatlerasing

inforrﬂ‘;:\tio? in th.?. record carrier. Eurthermare, a writeaclock m%l% derived frO{‘n a}wgbble lI;’LL clock
or writing an ?rasmr%mform Ion mtB? record catier. Lunnermore. a wiite clock imay be
generated on the basis of a pre-recorded wobble Signal; and " a writé position may be derived from a

wobble codatierethooshawalpblienelwathodl Bérecisdorothiedasicnt\amayr éotitsd veobbkxsignabrandl the
disk rotatioanws | eeep%sd H E)'H %%igg%terived from awobble counter (not shown). The wobble PLL clock
or frequency may further be used to control the disk rotation speed during writing.
It is noted that the invention is also applicable for other disk structures, e.g. the
20 DVR structure where the substrate serves as arigid carrier (carrying embossed information),
while readout is performed through athin (100 um) cover layer. Furthermore, atwo-lens or
dual-lens objective (e.g. asin the DVR system) may be used instead of the single objective
lens 14 shownin Fig. 1.
According to the preferred embodiment, the power in the focussed spot 15 in
25 thedeepest layer, i.e. the lower information layer 6, is kept at its optimal value by providing
the following measures. Guard fields with dummy data are provided in the segment run-in
and run-out area, with alength to prevent the recording in the deepest layer to be effected by
the empty-written transmission area in the upper layer. The length of the guard fields may be
greater or equal than a predetermined minimum length which corresponds to the sum of half
30 thesize of the beam in the upper information layer 8 when focussed on the deepest or lower
information layer 6 and the allowed misalignment. As an aternative, the length of the guard
fields between successive data units which are not separated by a header area can be selected
in such a manner that the guard fields overlap and a gap is prevented. Furthermore, the

headers of the two or more information layers in the (re)writable optical disk can be aligned



It is noted that the invention is also applicable for other disk structures, e.g. the 20 DVR structure
where the substrate serves as a rigid carrier (carrying embossed information), while readout is
performed through a thin (100 m) cover layer. Furthermore, a two-lens or dual-lens objective (e.g. as
in the DVR system) may be used instead of the single®bjective lens 14 shown in RigAhriA@00aling to

the preferred embodiment, the power in the focussed spot 15 in 25 the deepest layer, i.e. the lower
informatol A AR Rl TR ATEEE B0 BOE T HOtE R SR P CBSPe AR with
dummy datireateopssviges. MHkesggmeshisiedbyeatiopticaul Ryieaemrittcedangsbuia ey event the
recording in the dee{)est layer to be effected by the empty-written transmission area in the upper

layer. The Wﬁ%’f‘ mg'guard fields may be greater or equal than a predetermined minimum length
which corresponds to theiguarsiadel RGdhtre zerehtbefrivivetiafoppat snfiyeatendayer 8 when

focussed on the.deepest or lower information layer 6 the allowed misalignment. As an alternative,
ot el R R e e R AT
area can heg|ected-on sualtdishdrurintoat Hap,guissstitielispee Uapregap a2rghg igrpireyaatedt is
Furthermore, the headers of the two qr more irei‘ rmation layers in the ri[)w itable optical disk .can be
Figned 5 SR 005 it P T e oA L5 SRR o By e KSR S RS tayer
when focusisaglicity i deae pesjdapard Tias Figy Ha adhievwad ayoared ptical ghigremeéstigiimeddure during
disk manufacturing. Fig. 2 shows a recording scheme of the lgwer jnfgrmation layer.6 and the 5 upper
intormatiol TR S ERA 8 B T B TP 2 At ST IARTE (Ll PRl TS o
guarddieldrarthenraoriegabeanth sizaper aire eeaalingeinvgaing st isHidi gatactinithe | eitiectHilbatohthRey. 2 the
preamble PIrA rand \tNhr(?rerFos %mblg PoA aretgot indicated f%g.r%alsogrsﬁoif %igr%ﬂicé% As can be gathered
from Fig. fl AR Aofed r%‘.’%gﬁﬁ}é?n RGeS BERY tre Tesder Hre 3t upper
informatiowlileeggoi. dihe taegtbwe theioumattquéay el atdfoetherimoyearal Hiekhissehpe sefeateeksiing or
writing beam is indicated in the le rtion of the diagram, whergin the arrow above the er
formatiod LF & AL R et e ol ok VB0t sl A A e
run-in guardtiieddiie. st orisietedstd s0 Hbatcthand renumroiitgn ddie) witlel todanhezas siesmstéhevbaper
information layer 8 is of a uniform nature.(i.e. all written dat header and no ritten data) within
the beam IPEREADH s ST TR B R B e e BT o R R e
length of tigepranekdthie run-in gap in the upper information layer 8 is chosen such that the phase change
datain the upper information layer 8 is not "seen" anymore by the read-out beam when
reading the header in the second information layer 6. However, this requirement regarding
the length of the gaps is not a strict requirement, since the header areais designed very
20  robustly, and the header detection is not expected to deteriorate much when the signal level
(light intensity) is slowly varying.
For symmetry purposes between the two layers, it may be preferred to use the
same length for the gaps and guard fields in both layers, although the gaps and guard fieldsin
the lower information layer 6 have no particular protective role related to the dual layer
25  recording system.
The above requirement regarding the length of the gaps and guard fields, leads
to a predetermined minimum length of the guard fields (and gaps if full protection of the
header areais implemented) of approximately the sum of half the diameter of the beam in the
upper information layer 8 when focussed on the lower information layer 6 and of the
30 maximum allowed misalignment between the two layers.
Fig. 3 shows a schematic diagram based on which the relationship between the
layer spacing S (between the lower layer 6 and the upper layer 8) and the beam diameter D in
the upper information layer 8 can be derived. Based on Fig. 3, the relationship can be
expressed as follows:



gap and the run-in gap in the upper information layer 8 is chosen such that the phase change data in
the upper information layer 8 is not "seen" anymore by the read-out beam when reading the header in
the second information layer 6. However, this requirement regarding the length of the gaps is not a
strict requirement, since the header area is designed @ry 20 robustly, and the headérAqeiE2006 is not
expected to deteriorate much when the signal level (light intensity) is slowly varying. For symmetry
purposes between the two layers, it mayPbe prefetd @SN M) same length for the gaps and guard

fields in bafpiANRE AURALIMANG HRRS P HBYREIRH A% IpHari I Reehd K TRpHe8, RIXCHGBRLEHO

particular protective role related to the dual layer 25 recording system. The above requirement

regarding thevemcphapbtheeydps amd gueud vibéisin eadendiesihal e detheramyetbnapanureadength of the
guard fields (and gaps jf full protection qf the der area is implemented) of approximately the sum
o nal the SR BRI bt B0 PO R0 P DA M T e S B Oes
informgtionniayetaf amidyadr thernedainer mfalimattohriagaligraned mt destotesihdiref tacti la@jiadexrof). 3
shows a schematic diagram based on which the relationship petween the lgyer spacing S (between
the tower AT PERAR A T T B SR S Ge AL B R AGUP imtgteiion er 5 can
be deriveda Rfged i fdex 3, thealatiansiain armber exeespperasfsieationlfyd Asrh2086- D=2 - S -
tan (a sin (NA/n)) wherein D denotes the diameter of the beam in the upper information |ayer 8, NA
denotes (HTHAR A A FHFA TR UG 21 S RERTLCHE R TS PP TARBTNEP [ re or
collection anghe glidherrsavnieg PEAM)isDistaimetes the spacing or distance between the upper 5
information layer 8 and the lower information layer 6, and n denotes the refractive index of the layer
matelil Assuming a o SR AU AHE T LN SISO S g B SRR e rex
n = 1,5-1,Greabeatrbdiahiesasd byhRefiopneninip opeds aliayefidhtadder atids-ddri Mynménwpiaiagdri By adding
the allowed n%qisalliin ent of e.gﬁso V m, a total minimum length of the guard field of 68-71 pm is
obtained. f{)t fi@ é@ﬁ%ﬁﬁ é%'relatively tight requirement of alignment of the header areas can

be achieved by the follomingiehtieal difignenekindseratifzaltyingntsermanifanipannahthspokdical
record cargF {he header areas between the recording sectors of the upper and lower information layer 8,
15 6. Inthe pattern on the left side of Fig. 4, adecentering of the center of the spiral recording
track with respect to the central hole of the optical disk in the horizontal direction is shown.
The same misalignment may occur in the vertical direction of Fig. 4. In the pattern shown in
the middle of Fig. 4, an angular misalignment is shown, where the angles of the header
spokes of the upper and lower information layers 8, 6 differ. A combination of the above two
20  misalignment typesis shown in the pattern on the right side of Fig. 4.

An alignment within the small required tolerance is possible when an optical
alignment is performed between the two information layers. By using an optical camera
device such as a CCD camera, accuracies down to 10 um or better can be achieved.
Preferably, an alignment can be performed where two spokes of headers positioned

25 perpendicular to each other, i.e. at 0 and 90° relative angle, are aligned. This can be achieved
by measuring and alignment at three measuring points, as shown in Fig. 5. According to the
left pattern in Fig. 5, measuring points M1 and M2 are located at an inner diameter and an
outer diameter along one header spoke, and one measuring point M3 is located at another
spoke arranged under, substantially, 90° relative angle to the one header spoke. Alternatively,

30 asshown inthe middle pattern of Fig. 5, two measuring points M4 and M6 may be located at
respective outer diameters of two opposite header spokes, and one additional third measuring
point M5 may be located at a third spoke arranged under, substantially, 90° relative angle to
the other two spokes. By the above two alternative locations of the measuring points, the



Fig. 4 shows different kinds of misalignments and their impact on the spokes of the header areas
between the recording sectors of the upper and lower information layer 8, 15 6. In the pattern on the
left side of Fig. 4, a decentering of the center of the spiral recording track with respect to the central
hole of the optical disk in the horizontal direction is shbivn. The same misalignmen24apriv@I6in the

vertical direction of Fig. 4. In the pattern shown in_the middle of Fig. 4, an anqular misalignment is
chown, wiAITIE L PRIl LBl L S NI SRR CHTAGLEDE  cirer. A
combinatigmehligprabavedyaidrezisaligo mehtdsgetasrihawrel ndbengatteinisa igievéaht side of Fig. 4.
An alignment within the. small requijred tglerance is possible when an optical alignment is performed
ctwoon (G FRoTDR N Ao (e Ry B GBS (B GRLEE B BB camera
accuraciesdignvnei iHio\bne aidpe e aaairequaehievesh thseferadfiyhatwaligiooiesrheats. be performed
where_two spokes of headers positioned 25 perpendicular to each other, i.e. at 0 and 90' relgtive
ol Sare atgned. This o EHSEHBIEH Y aCRITG T ATNSA A S W DRI, as
shown in FeepKesA tadovectd i niefiope dpen drardghd uppeasofidngngtimnteyét 8l sangetbateded at an
inner diameter and ar}o?g ter diameter along one header spoke, and one measuring point M3 is

located at 'ﬁBltﬂCeqngB ' G ﬂb LH'mer, substantially, 90' relative angle to the one header spoke.
Alternatively, 30 as showrngndtesl, theitihesitesopti Ea) abgitwenmpasedog pang Mé and M6 may be

measuring DO CALS 69 e ELESl Gl GhoR Lol R R LAt oIt angie
to thkEDother twadepgbsiceRy theasbbvectemiatitryaive Wicatings opéhati omemsyrisgvebibésadhieVet 24
April 2006, ali t is fully determined. In thi the two.inf tion | .be fully aligned i
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requirement an the, sum of the two requirements, 5 T ttern on the right side in Fig. 5 shows an
ot D Bl

aligned dis (?V\'Ncr?edreet%'enﬁeg%glr' np% a6t hg%%aér in [gyer% and the upper information layer

8 are arranged at a disphetberferivantgssrtieasuBOf on. dtasi divig d, L &brima rabhemess ph chbedigense ot
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may as wedikcheeashievdata clusters or data units lead to a variation in the transmission characteristic of
the upper information layer 8.
Fig. 7 shows two recording schemes, wherein the upper one corresponds to the
recording scheme shown in Fig. 6, and the lower one corresponds to a recording scheme
20  according to the preferred embodiment, wherein the length of the guard portions G1 and G2
is selected to overlap or at least connect to each other, to thereby prevent a gap portion in
between.
In particular, the time for supplying the dummy data of the guard fields G1
and G2 to the scanning device 10 isincreased in such a manner that the length of the guard
25 fields G1 and G2 are increased such that one guard field extends into the next or succeeding
guard field, i.e. the guard field at the end of a block succeeds into the guard field at the start
of the succeeding block. Thus, the guard fields G1 and G2 have such a length that their
end/start position is in the next/previous guard field. Preferably, those parts or portions of the
guard fields G1 and G2 which are never effected by the overlap should have alength
30 sufficient to overwrite possible old data at that position, and sufficient for the electronics to
resettle. However, in case a preamble PrA is provided, the length of this preamble PrA may
already be sufficient enough. The start position of the guard field G1 at the start of a physical

recording or data cluster may be varied on purpose, to increase cyclability, i.e. the maximum



by using any microscopically visible or a mechanical alignment mark in e.g. the inner area of the disk
or at its outer edge. Then, the alignment may as well be performed by using a camera device
detecting the alignment mark, similar to the above procedure. In the following, a measure for providing
a uniform transmission characteristic 15 for the recortithg pattern shown in Fig. 6 i24éguil(R8D6AS
already mentigned, the gaps between the data clusters réi%ta unit I%gg to a yariatjon in the
ainamiss OB L AT WL YL T RARG BF £ R, e B e S,
wherein thenitppeoong assticsRp ntlD R ey dieaivdiotgchesehahawbits isig! Gwedd the lower one
corresponds to a recor%cﬁe e 20 according to the preferred embodiment, wherein the length of
the quard portions Gl andEsel'TE SRUEHERY s tiadiet et el edhrapad wrd)
prevent a gapppestinnrinetirineaenelor padisulination lisae foasupelyit (ofe stfatiog datiref éhe guard
and G2 to the scan

fields Gl ing device 10 is increa in such a manner that the |ength of the guard
24 fiofs CPAHBEEPAFE T LCREFL A e SR TS LA e Aot by guarc
field, i.e. thee gnsnchiied at theptimiabla ldock succeeds into the guard field at the start of the
succeeding block. Thus, the fields Gl and. G2 have. such a length that theiy end/start position is
i the nextprevious uld S EEDTA S SROUEN RO R S B CEAFRIR i and 02
which are aebedieflettdesbylitayosdApusbaulskhaee ia EygidcSisgBpmanbias dvereaiteingssitzie old
data at that posijtion,. and sufficient for the electronics to resettle. Haowevyer, in case a.preamble PrA is
provided, HECIRNGH 5 MGGtk pre MR Al Kl L O A R SR of the
guarddieldntabattibesthetinica iaydingll aygerding @n dadaedosiiegrday keoikid doonainfosaation
increase cyclabhility, i.e. the maximum 12 24 April 2006 number.of direct-overwrijte cycles, with
typically 18 1B T B e g AT clpee b R R0 Lo TRl aration of -
128 channaehbidi reenionaydthlisivarnytig thbvoie deguribfetiaaatisdiotedaaced into the preferred
embodiment of the present invention alone or in combination lead to a more uniform effective reading
or 5 writing power in the lowest information layer 6. Thus, the power in the focussed spot 15 can be

maintained at its optimal value. It is noted that the present invention is not restricted to the preferred
embodiment described above, but can be used in any recording apparatus for recording on a



record carrier, where at least two substantially parallel information layers are provided, e.g. 10
magnetic or electric recording layers, wherein the recording data recorded on one information layer
influence the reading or writing of the other information layer. The preferred embo?jln}%rpﬁ %?%gthus
vary within the scope of the attached claims. 24 April 2006 -13 CLAIMS 1 . A multilayer record carrier
provided with at least two substantially parallel inforghation layers (6,8) and suitable to be scanned by
a single scanning device (10), wherein data is written in units of data blocks on tracks of said at least
two information layers, a first guard field being written at the start of a data block and a second guard
field being written at the 5 end of said data block, characterized in that said first and second guard
fields ha%e-fdMyths such that the end position of said second guard field of a preceding data block is
located within the area of said first guard field of a succeeding data block. 10 2. A record carrier
according to claiml, wherein the lengths of said first and of said second guard field are selected such
that those parts of said first and of said second guard field which do not overlap each other have a
predetermined minimum length. 3. A record carrier accordingtto claiml, wherein a predetermined

preamble Pattern/S"WHRES BREQUEEAESIPHRYCGHVETRICARLNYQisHESIANIRIMP RS PIYEaERRined
postamblelaysrpdeS)naisavaiiitanldetvirescaaitbdata disiolylart saithgatminick gaaydviiedteid. dataigtilayer
record carfier. proyi | I jally parallel informa- tior 6,8): itable to
be scan ne%?étgg Iél g’g ﬁasvr\gi?fl agg%ﬁ?gégvn%?r% earlgt%%%b%daﬁs%é%nltn{yr\\/g m@g ?ﬁ@)@%rﬁ I‘)ll %ggﬁigwritten in
units of daﬁ'ﬁ'é@@@ At BresarItRl RASIMPHTENARISPCRIE B pedg)eld hring atienerd theing
writtels at theusdpshaf daglatadelock 20 and a second guard field being written at the end of said data
block, chaE %tr%ggeer%ra m?}t\ staid first and said second guard field have a predetermined minimum
length which'is ap- proxma?ely equal to the sum of half the diameter of the radiation beam in the upper
one of saithist feaisenficasinthatiai |HgEss {ave) Ianwhsfeual sbatshalantopasiiahef cfaddiseapishst 25

two informggie lavarsr (6 Seciashg BAXipsER RliRwaddisalionpent DerMerRnike jusrdfeld of a

succeeding data block.

10 2. A record carrier according to claiml, wherein the lengths of said first and of said
second guard field are selected such that those parts of said first and of said second guard

field which do not overlap each other have a predetermined minimum length.

3. A record carrier according to claiml, wherein a predetermined preamble pattern is
written between said first guard field and said data block, and a predetermined postamble

15 pattern is written between said data block and said second guard field.

4. A multilayer record carrier provided with at least two substantially parallel informa-

tion layers (6,8) and suitable to be scanned by a single radiation beam generated by a

scanning device (10), wherein data is written in units of data blocks on tracks of said at

least two information layers (6,8), a first guard field being written at the start of a data block
20 and a second guard field being written at the end of said data block,

characterized in that

said first and said second guard field have a predetermined minimum length which is ap-

proximately equal to the sum of half the diameter of the radiation beam in the upper one of

said at least two information layers (6,8) when focussed on the lowest one of said at least
25 two information layers (6,8), and a maximum allowed misalignment between the two infor-

mation layers.



mation layers. 24 April 2006 -14 5. A record carrier according to claim 1 or 4, wherein said first and
said second guard field contain dummy data for overwriting previously recorded data. 6. A record
carrier according to claim 4, wherein said length of said first and of said 5 second g%r'gpfrilf?%&equal
in said at least two information layers (6,8). 7. A record carrier according to claims 4, a gap portion
provided between said second guard field and a header area succeeding said second guard field
and/or between said first guard field and a header area preceding said first guard field, wherein the
length of the gap portion is greater than or equal to said predetermined minimum length. 10 8. A
record carfier acdordimgdcaiamarcovbimegio skitnldngtid ofvkeidigapipdriband seglataoshiglatdeast two

informatiogéﬁygéﬁtg%%u,%nﬁi methed é%m&m%@%at%g%&%ﬁ'%%{ recording carrier (1) provided

with at least two substantially parallel information layers (6,8), said method comprising a) a first writing
step of writing the data in units of data blocks on tracks of said at least two 15 information layers (6,8),
and b) a sécond witewysteprokwvatony dny $o glend 4ielchataimessidrtenbeh dztadidoibls atbvarfitaadd a

secorgl guéégoﬁﬂlqﬁrmﬁeﬁf‘g gﬁjﬁ‘aﬁ’ﬂ@%o%&mrﬁﬁ%%ﬁ%ﬂoﬁ%ﬂ% f@%ﬁ](’d further comprises c) a

setting step for setting the lengths of said first and of said second guard field such that 20 the end
position of said second guard field of a preceding data block is located within the area of said first
guard field7of the Sueceediagidatadiatkg 16 .chimesthoal gaeprdiing joralalsd heweneisaghichsatting step

is perform?ﬂa’?H G iahdAAERar -0k S Aok APShR] %‘c}%ﬁﬁg% GuRy %lﬁ}%ﬁ%ﬂﬁ%@gﬁ%‘ ﬁ’r\é?”ap

each other'are set to have a predetermined minimum 5 11. Ame ing data on a
multilayer S&@6idielarABe eLNeRoseaneang eRediBd eatd Wahwrr it dingleranifiplepean! Ydaecord

carrier propisiechvistyrabieasiiver sdastestialyroasediehimdanmiatiomniagatgh(6,8), said method
comprising a) a first writing step of writing said data in units of data blocks on tracks of said at least

two information layers (6,8), and 30
10 8. A record carrier according to claim 7, wherein said length of said gap portion is

equal in said at least two information layers (6,8).

9. A method for recording data on a multilayer recording carrier (1) provided with at

least two substantially parallel information layers (6,8), said method comprising

a) a first writing step of writing the data in units of data blocks on tracks of said at least two
15 information layers (6,8), and

b) a second writing step of writing a first guard field at the start of a data block and writing

a second guard field at the end of a data block ;

characterized in that the method further comprises

c) a setting step for setting the lengths of said first and of said second guard field such that
20 the end position of said second guard field of a preceding data block is located within

the area of said first guard field of the succeeding data block.

10. A method according to claim 9, wherein said setting step is performed such that
those parts of said first and of said second guard field which do not overlap each other are

set to have a predetermined minimum length.

25 11. A method for recording data on a multilayer record carrier (1) by scanning the re-
cord carrier by a single radiation beam, said record carrier provided with at least two sub-
stantially parallel information layers (6,8), said method comprising
a) a first writing step of writing said data in units of data blocks on tracks of said at least

two information layers (6,8), and

30



24 April 2006 -15- b) a second writing step for writing a first guard field at the start of a data block, and
a sec- ond guard field at the end of a data block; characterized in that the method further comprises 5
C) a setting step for setting the length of said first and of said second guard field to bf %ref?.?j an or
equal to a predetermined minimum length which is approximately equal to the sum o alf the
diameter of the radiation beam in the upper one of gaid at least two information layers (6,8) when
focussed on the lowest one of said at least two infor- mation Iegf%rs (Ggg, and a maximum allowed

misalignmBhtBbetFRBhYHEAITRIHAHIER A A RLAMRIdieIn g b, SR S dmg RIEKiANE 3549, further
comprising therstgpavtiviieiting thenemy oflatdaiatblseld first and said second guard field. 13. A method

according im, 11.f iS] t ing said length of said first and of said second
éﬂfﬂ?eé@rﬂz% HrHRSE tﬂ%’ﬁ%ﬂﬁméﬁﬁe‘? EpaiL

guard field to be equal in said at least two information layers 15@?6,8). 14. A method according to claim
11, the recOrd e8P ORMb ISt gD IRREH frosaird dish érte@nSseiussseBH Pyt digleIdCabrl a
header area sjieaeeding sidREecanad pradetchigidanaipimaiweagtsaifitirsiscapdtigidiaigcguagader

area precedi aid first guard field, the method further comprising the step of sefting the length of the
aop portion s A HE S BILLEIRLI S Gl (S LA o e i eGSR methoa
according to ¢eannianiienelarein (eiShyhpe eysedenitip Jaiterimie of ssildyigagidnvintebe equal

in said at leashBNOHMEOENAE8) lavara (Rakimbfh QB Mk ARTAEAIUS IReERCORI NG HatiRatBn

multilayer record carrier (1) provided with at least two substantially parallel information layers (6,8),
said & paratdgy(,ecgﬁ]prising: 25 a) a recording unit (10) for writing said data in units of data blocks on
said multilayer record carrier (1), wherein a first guard field is written at the start of a data block and a

second guard fieldabisy eRd ShmEaRIAcl @Pﬁbk&@%ﬂ&dﬁ%ﬁ@ﬁé&ﬁk@(ﬁ}%%tWH i Fgcording

unit (10) so as to write said data blocks and said first and second guard fields on tracks of said at

least two iARSAEAGH LR s SEd §FCORDH AT

13. A method according to claim 11, further comprising the step of setting said length of
said first and of said second guard field to be equal in said at least two information layers
15 (6,8).

14. A method according to claim 11, the record carrier comprising a gap portion pro-
vided between said second guard field and a header area succeeding said second guard
field and/or between said first guard field and a header area preceding said first guard field,
the method further comprising the step of setting the length of the gap portion so as to be

20 greater than or equal to said predetermined minimum length.

15. A method according to claim 14, further comprising the step of setting said length of

said gap portion to be equal in said at least two information layers (6,8).

16. A recording apparatus for recording data on a multilayer record carrier (1) provided
with at least two substantially parallel information layers (6,8), said apparatus comprising:
25 a) arecording unit (10) for writing said data in units of data blocks on said multilayer record
carrier (1), wherein a first guard field is written at the start of a data block and a second
guard field at the end of a data block, and
b) control means (36) for controlling said recording unit (10) so as to write said data blocks
and said first and second guard fields on tracks of said at least two information layers
30 (6, 8),



-16- characterized in that said recording unit (10) is driven so as to write said first and said sec- ond
guard fields with a length such that the end position of said second guard field of a preceding data
block is located within the area of said first guard field of the succeeding 5 data block. 17, 8 ording
apparatus for recording data on a multilayer record carrier (1) provided with at least two substantially
parallel information layers (6,8), said apparatus copyrising: a) a radiation source (11) for generating a
radiation beam, b) a recording unit (10) for wri_ting said data in units of data blocks on said multilayer
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unit (10) Sﬁ{;ééet&’.ﬁ(é” SAfhaR1R Rlagks, %ﬂiﬁ%i?e}ﬁféa?%%aﬁ&%?%%ﬁ felgphiaghs el &t

least two information layers (6, 8), 15 characterized in that sai ing unit (10) is driven so as to
write Said fiRéR &fsaid sec- ond guard fields with a length greater than or equal to a predetermined
minimum length which is approximately equal to the sum of half the diameter of the radiation beam in

th f sai - - | | .
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two substantiahydpaisiieblirterpaliesn yeiaitd) cempsistheathe step of performing an align- ment of
said at least two information layers (6,8) by measuring and aligning alignment , marks at predetermined
easuring b R HNG L r Gl A okl S TR AB L R e orm
headél spokesapiev(dbdweredichdirieaserddettasmation dhthe si@18)f agatwinaeirasdid apsasdring

points compriggAdiisldiQinhitidd aMfi lacatsich QRtRPISiLes fiameter of a first header spoke, a second
point (M3, M5§ located on a second header spoke arrangbed at an an%.lﬁee of 90 with resgect to said first

header spSke“8RGCh MARESHSH: B MBEARH A dRGAIMNIGHIH L8 37 frotfratitsy uid 9H& spoke
or a third 30 poidtsditbjilstcatedsecoad guted dieldeter whckshafdshehdeleapokeoopfursitaitn theefisst or
sec- ond heaggrépoke.
15 characterized in that said recording unit (10) is driven so as to write said first and said sec-

ond guard fields with a length greater than or equal to a predetermined minimum length

which is approximately equal to the sum of half the diameter of the radiation beam in the

upper one of said at least two information layers (6,8) when focussed on the lowest one of

said at least two information layers (6,8), and a maximum allowed misalignment between

20  the two information layers.

18. A method of manufacturing a multilayer record carrier (1) provided with at least two
substantially parallel information layers (6,8), comprising the step of performing an align-
ment of said at least two information layers (6,8) by measuring and aligning alignment
marks at predetermined measuring points (M1 to M6), wherein said alignment marks are
25 header areas arranged to form header spokes provided on said at least two information
layers (6,8), and wherein said measuring points comprise a first point (M1, M4) located on
an outer diameter of a first header spoke, a second point (M3, M5) located on a second
header spoke arranged at an angle of 90° with respect to said first header spoke and a
third point (M2) located on an inner diameter of the first or second header spoke or a third
30 point (M6) located on an outer diameter of a third header spoke opposite to the first or sec-

ond header spoke.





