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WO 02/ 075728 1 PCT/1B02/00271 V MILTI LAYER RECORD CARR%:%R)VW 'HN:IED
RECORDI NG START AND STOP POSI TIONS FOR THE RECORDI NG The preséent | nvention
relates to a nmultilayer record carrier conprising at |east t

substanti al WO I el and substantially aligned infor rraF’th(}R°2\(/@§7érs
suitable to be recorded by irradiation by a radiation : Q X efn
such a record carrier is a recordable optical disk. The present{1nvention }
also relates to the manufacture of such a multilayer record carrier. 5 The

present i RySRLAGR Resd bRtk WrH0sBFieC QEdRGc AR Al STEN dosrTr@ishemt f or
recordi ng eme sucdepmenul til ayer record carrier. Optical data storage
systens, such as optical disk drives, allow storage of |arge quantities of
data on an optical record carrier. The data is accessed by focussing a

radi ati on 10 beam (for exanple a | aser beanm) onto the recording | ayer of
the record carrier and then detecting the reflected |ight beam In

reversi bl e or rew i tBs peespitdnventionagiegfes o panudtiayer iperd carier QEPHEAE atdeast er s

with two st %lsﬁb%ﬁﬁlgipaafﬂla did %staﬁiaﬁ?%ﬁggg‘jll fgfdgl%a%%)%ﬂs Bilatid '@ ERLbRAPY

converting a sna area to one’ st hase. "The data bit can be
erased by rtnigndiating bylagadiation beasn Aacsempeelsvein teprsd earrenis nepcprdabieoptivgle
starting ph | | 5Gnk; lihd AR 3G atmullifdGerlrERRS calRRRM
writes dat a&%&;}Tb%%Jg%’eP{ 19243%%’/11@%0?%%@% %ethénlgfﬁ]g%:aal ifn tr?e dét gerlrayerC to a
stabl e %@norphous phhkepresutiinvention alse relatps to ¢ &xgoringpparatpyandiganéthoddery| | j ne

regi on abovig.dfifig BE bich AShuldfePec@@hrdiien cooling it quickly so that the
di sor dered struc%ure becones fixed in place, resulting in an anorphous

structure. The data bit can |later be erased by converting the anorphous

phase back to the st gpfidal\@htadiotidedYdidniSsRh aS&ptical sk dtiFesHAD JWMIER oF Rere
anmor phous 20 region is heated and mai ntai ned at or above its

crystal | i satuaptities ofifass en apopticabrecerd caripa Lhadefajis acopssedehy Topnssiag  fdiptienol ed

until the reQYinQforleRarkylyslastk béass nto HeGebdit a5 Of €lefbcord chifiesaridyd of phase
change record carriers is read b s inreflectivity between

) i detecti ng Qh@ﬂge
a crystall i%CtIPé@F&ﬂe%l‘@ﬁb%ﬁb%HﬁY?&%blF%’g BRERiA Phaserchameo ey PPE . To
i ncrease t hgeshQauRES wiRRWe ithiile fHased BreQBdd. Balhta®itSkstorsdibd the hedie®gor di ng | ayer

25 di sks have been praoposed. An optical djsk, having two aqr nore, recording
| ayers may %Veféﬁ%égrg@g“% arg? fepogs fiphle éﬁéﬁ {l‘éq ?a;?a%'ecﬁgpﬁ?réﬁe%rbééﬁvrem“ﬁ ® ayers

by changi ngwtién &r&omikk QR dtdridy phhseAThe starting phase is typically a crystalline phase and
15 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 crystalline region above its melting
point and then cooling it quickly so that the disordered structure becomes 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. This is done when the amorphous
20 region is heated and maintained at or above its crystallisation temperature, or alternatively
melted and slowly cooled until the region is crystallised. The data recorded on this type of
phase change record carriers is read by detecting changes in reflectivity between a crystalline
region and an amorphous region on the record carrier.
To increase the storage capacity of an optical disk, multiple recording layer
25  disks 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
lens. The laser beam is transmitted through the nearer or upper recording layer to read and
write data on the farthest or lower recording layer or layers. For multiple recording layer

disks it is necessary that the intermediate recording layers between the disk surface onto
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lens. The | aser beamis transmtted through the nearer or upper recording
| ayer to read and wite data on the farthest or |ower recording |ayer or
layers. For nultiple recording layer disks it is necessa t hat t he

i nt er medi at Y BB?d¥ ng | ayers between the di sk surface rtTéB?zfooﬂI'

*ACTI ONF WO 02/ 075728 PCT/ 1 B02/ 00271 2 %hich the laser light is i nci dent

and the | ast rth { DS L eco I t st
light-t rans“(ﬁ‘&%‘l“?/ er fi (“'P W‘fﬁg’lﬁ{tgﬁ g opt f%tg{mro getgé(?P gﬂ@tlaﬁaﬁ ﬁ)l(rﬁ:flan om access
the data i&rélﬁgha&ht}srm{sivblen in units of ECC bl ocks (e g. in CLV systens

wi t hout headers), in fixe Y f I on of
an ECC bl ock, such 2@ ga&[?i?ﬁg‘ﬁg ?%kc%&%thgrw@hi%ﬁﬁ%&g Qt&ige‘}réﬁgl v&fﬁ{éﬁ .g. in
goned ConstxaaﬁltmmCaﬂoeketecg: irtC)‘L\OsystZﬁiAWlthgnshmulsrsmrtﬁKeﬂm@mg unﬁ@hsk& he

i stance

ani b cblcsy #1579 feptgn AR opd, G of bE g R ey Blof oyt BB iR 10

Di gital Vi dg@oRaatundiaitgAmylat Velacitploe ZEAVspstéa@Gvittbeaddts where the distagee an | nt eger

I tipl f. th t |
ot opped: bor thtren HEhGEE ndf G nlRe DERAS roRAL B blobld, deiy Whaote) [BLY
some seg rreleﬁgur fiactions afrul BOE€ ek (e.g. imDigitel \déqoachmdgla aYWSe\éhe}:ﬁ tbﬁ)EP behavi our
of the electron CS% ngt an m?egel:f%é &"j_lﬁe 8£tar£%§9et&l5@%§ h&ders GR4 {vﬁgn igecor di ng

Frames" in ranes b‘G%stems I'n optlcal record
carriersow 'tsim;hﬁamlcqxpsd betfére a headerradd ratertédeaftel sheaderydihyhedaelusion of sewer s, each

sector compy| s'lggun-mnsgge oG- Bcahth FarAA0DRBE bHRvRUP Dt Sledbfied) fying

the sector XAQHTVECST |"'ock whi ¢ch user dat a, prefera y
prot ect ed b&uchﬁmctmnsofE%bbd{mma&Wd R@@ﬂf‘ﬁlés:ﬁa@ﬁs ebHéfR(av;ese)lsaqu S¥r ded. In
DVR syst em5 3 chC;AI\n b‘;{?ﬁg r%a Fﬁ(csal'lfeps wirSHleadss, iHfecorPAfidris Of a
sector is n FRoNS ant across 't near density is approximtely

const ant anehbtiieled msetsors, aa¢h sectardomppang 3 basdericentaiging e addresp yridvely | engt h of
a track é# “C{qaﬁgfﬁﬁwc V\E;t eaB@ﬁIe%rdlﬂ urfit ﬁloﬁgn fWh@Mubedn Qath, PR&tErablp ptdicetedby er

radi us e nunber of headers per revolution is
const ant . Tmorﬂﬂecmuﬁmorféﬁmmc?@@G@WFFOE% headers i ncreases. The DVR

systemand format ?/i %Eén&&%ctdm g&stcth ffara seh s;"ﬁtems thghfphéi lof I SC
systemfor Digital eo Record Techn. Digest (iM ) tamI\/g)th)e July
11- 15, 1999sectkmnisaiot mmt,acrogmpq:_dl% he linear density s approxlmat constan
number of tracks per zone is constant, but the length of a track increases with a factor of 24
20 from the inner to the outer radius of the disc, while the number of headers per revolution is
constant. Thus, the number of bits betweeh two headers increases. The DVR system and
format are described in T. Narahara et 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. J. Appl. Phys. 39 Pt. 1 No. 2B (2000), 912-919, and in K.
25  Schep et al. “Format description and evaluation of the 22.5 GB DVR disc”, Techn. Digest
ISOM 2000 (September 2000).
When data is written in such systems, gaps are provided at the header areas.
Just after (segment run-in) and before (segment run-out) the header area, the groove is not yet
written with phase change data. In the DVR system, this segment run-in starts with a gap
30  before the data is actually written and this segment run-out ends with a gap just before the
header. In DVR systems the gaps may have a length of typically about 150 pm while the
diameter of the beam in the upper layer is about 40 pm when writing on the lower layer.
Thus, gaps in upper layers interfere with the writing on a lower layer. The influence of the

gaps increases when the gaps are at the same angular position in neighbouring tracks, e.g. in



3864 (1999), 50-52, and Jpn: J. Appl. Phys. 39 Pt. 1 No. 2B (2000),
912-'919, and in K . 25 Schep et al. "Format description and eval uati on of
the 22.5 GB DVR disc", Techn. Digest |SOM 2000 (Septenmber 2000 When dat a
is witten i &EH2 %ystems gaps are prow ded at the hedddfBYMHL — jyst
after (segnment run-in) and before (segnefAt run-out) the header area, the
groove is n e t ,%, this
segnent runellt“rll¥’s?c‘fct<y§y£tL ngwmnagnﬁ%%‘s’%nfogre t dgﬂgg?gsfqu%g%ual liﬁ’ﬁe?ﬂ en and
this segrrenanmtegermumbmvdgmﬁmraesgap just before the header. In DVR
systems the gaps ey g fnd: SL Rkt & ok ARR WA EhUaE oot he

di aneter of the beamih the upper ?ayer a when witing on the

| ower | ayer and (@fystalling)aps-wiritten grpesie r¢zigre preaphisér eaer] ol masging! dueite thhg on a

| ower | ayer ¢yorth d el BOE Rafdls dr R cotlRSer (FERARAS oWBRIidd T ugAPBerdiver at t he
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fits al most ﬁ%ﬂ-cféxn&@a&wuﬁﬁﬂ AN EYS fnoRUBEkanhssus id s BiffefepaCES. The
difference In the transmttivity or transm ssion between the header areas

and (cryst abtiers)written 2a0d nan\émtteg asas, @here fredigadenareasspise p groblemy dhpheatier o) y
mar gi nal dug.tQeh g a9 gzgﬁ%thtréﬁﬁéct i t?aﬁirﬁ&fvity q{én&ﬂ tlféﬁ@oxﬁfitufeh@rmét@ﬂud ayer

(or substrate) on one t he u[) | ayer r on the other
side is1Bnlipt ¢quentyppeaeangey for gxagp Wbﬁl‘it E‘)‘Pcsélﬁﬁ%ﬂcu{nger‘??c‘i‘n a&ésysﬁ%‘?f' with

n=1.6 and spaGHord¥rédheftylin DVD-RBNEYSQEms RithRa8ers.MPOr tant i ssue is the
difference between witten and non-witten %eas where t he Qletp er areas

cause a probl em The Theheadsr areas and gans iR Arediced, Tapsmifiiyify as SUpRars ® hei r

transm ttiVvigien k@d}&ﬁ{; sdchéns, 19@515 the tratidem @ripyit{dh @thd upped thidrmatidrelayer fiheequent
appearance, for exanple eig E ‘?93?’( éer ci rcunference in,.DVR s tems and

even nore f PeAQereFRes 9 ‘ihﬁ“m"ii“ RaX e Rralrd 20 & Tecpping UAWARINE o1 eas and
gaps havg asdcRrUEME IdwenhSdHnkiidn\byed, s@h tmﬂ%&ﬁﬁuisfbntphiperty\bﬂ thd wpper ecor di ng
sections. Due to the random clmtﬁﬁ@atl on of the # i nfdor ti ogo gyer
header ar eatfgmatioplaygs gefers i qagsH 2easad eARy °Wb°5%tt ) a&%"\? %

rﬁcor ding ogp ﬂéfin?drﬂﬁh&ﬂaﬁe@ﬁr}tﬂfcﬁﬁct t'bB%devtﬂﬁrmaﬁ(irolaymmw[’eshlage? such tﬂat
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In dual or multilayer systems, the lower layer is written or recorded while a

significant area of the laser beam passes through the gaps or header areas of the upper layer

or layers. Thus, when information or data has been recorded on the upper information layer,
25 the transmission properties or transmission characteristics of the upper layer differ in

dependence on whether or not the laser beam passes through written areas, gaps, or header

areas.
In K. Kurokawa et al, Techn. Digest ISOM/ODS’99 (SPIE Vol. 3864), 197-

199, a dual layer disk is proposed which has the following parameters for the upper layer:

30
Transmittivity in the non-written state: T(non-written) = 45%

Transmittivity in the written state: T(written) = 55%



20 central hole is introduced mainly in the nmoul ding step of the disk
mastering and replication process. In dual or multilayer systens, the
lower layer is witten or recorded while a significant area of the |aser
beam passes WHPIYA t he gaps or header areas of the uppdT8¥&P* " or |ayers.
Thus, when information or data has been fecorded on the upper information

| ayer, 25 1,551 i [ o - LSS hstics of
the bper | e 1 R N e B
passes t hr outftematate, When aurising on e jssver informatipadayer, apssiag throygh g noxWiiRbva et al
Techn, Dige : §1Fﬂ\43 . = : oHlkSK 1S

pr oposed vmi&%:%&‘ﬁagsw %g’%%gél oW %égb%“é‘?@g’é%hé” ru g%é?f&?‘%3°’ﬁlégé§?éﬂug§%ﬁg‘%5

Transmi tti vingigent powdérdinpom-the diskithen psssingahroqghrporritign jatep iachievesthesame
Transmtiivity in the witt state: T itten). = 55% 8

PO BO2P 00B d‘“&.Pﬁ*ﬁ?ﬁ%’,re%%éﬁetqf"é{?{é‘%ﬁ"’i“%%‘éﬁ%ﬂ'oﬁ“% If 3’#%’2?%3%‘1\5“\’90‘%‘2{?9%‘%% he
non-writtensghefdne 1S lower than that of the witten state. Wien witing on
the lower information |ayer, passing through a non-witten area (for
exanpl e, a gap or header portion) on the upper information |ayer requires a
hi gher i ncident pomp{ecEipﬁgc.qmpbg}@aﬂ})sk t han passing through a witten area
to achieve the sane 5 recordi ng power Prec on the | ower information |ayer.
This is expressed by the following equation: Prec = Pinc - T(upper |ayer)

10 For anpl e en i nei r of , B = [ j uring
recor di ﬁg t ?Sﬁﬁ'ﬁe’gﬁﬁﬁéﬁg‘nﬁg@& Y\g‘%r—,m Vg?ﬁrﬁ%uﬂrg%?\q%égﬁ)r %tpll%ﬂ%lg
recording t hyauéupper@yerWhd ki@t puRe Budn@y&ordid Bie0g!ta don- it uppet Taydr MW as
is derived fromthe aboye f&r mul g usi ngﬂ %h afamalter. v%l ues tf o‘(%rd by
Kur okawa et 2Bpunts 19 BinpFdld- LmW 43 s dgriyed,f t@%‘&? FREA e BF REAREE- Rt t en -
T(non-wri tt%ﬂ?dgyﬁmﬁa\ﬁmwi tten = Pinc,witten T(witten) /
T(non-witten) = 14mW (0.55/0.45), Pinc,non-witten = 17.1 mMN In the
above exanpl e, the recording power required when recording through a

written,ypper 20 |aper _gounts 1.0y 2% of the 1 egRriidignpower required
f or recc}?di ng thr ougﬁmﬁ né‘?f’wtfe{‘te(r\\ upap{))er Pegrgve us?{at he ug)g of a

recording power of 1y wailh £ Bfuk il TRt ET on-written) = 14mW -
(0.55/0.45), Pinc’non_wri[ten =17.1 mW.

In the above example, the recording power required when recording through a written upper
20 layer amounts to only 82% of the recording power required for recording through a non-
written upper layer. Thus, the use of a recording power of 14 mW would result in an under-
power of 18% when recording through a non-written area while a recording power of 17.1
mW would result in an over-power of 18% when recording through a written area. However,
this is in general not within the allowed power margin specified for optical recording
25  systems. Typically this allowed power margin is in the range from —~10% to +15%. Higher
margins would require high bandwidth power control in the drive unit of the laser diode to
correct for the differences in transmittivity when writing underneath unwritten or header
portions.
Itis, therefofe, preferred to provide a tangential or angular alignment between
30 the header portions, such that the header portions and linking gaps of an upper layer do not
influence writing to and reading from a lower layer. Nevertheless, even in case of such an

alignment, a non-uniform transmittivity is still obtained at certain positions during the



power of 18% when recording through a non-witten area while a recording
power of 17.1. mWwould result in an over-power of 18% when recording
through a witten area.r However, this is in general not within the all owed
power mar gi W@FEF®RE ed for opti cal recording 25 systens. PCRIBI*®%ty this

al  oned power nmargin is in the range frof -10%to +15% Hi gher margl ns
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It is an object of the present invention to provide a multilayer record carrier, a
method of manufacturing such a record carrier, and a method and an apparatus for recording
on such a multilayer record carrier by means of which the residual effects of the differences

25  in the transmission properties on the recording or reading operation can be reduced.

This object is achieved by a record carrier as claimed in the claims 1 and 3, by
a manufacturing method as claimed in claim 13, by a recording method as claimed in claim 8,
and by a recording apparatué as claimed in claim 16,

Accordingly, the start and stop positions for the recording or writing after and
30 before the header portions are shifted such that the transition between the header portions and
the written portions in the upper layer do not affect writing and reading in/from the lower
layer. The shifting may be achieved by corresponding control during the recording operation,
such that enlarged gap portions are provided at the header portions in the lower layer. As an

alternative, the header portions may be enlarged in the lower layer, for example during the



20 angul ar position B. It is an object of the present invention to provide
a nultilayer record carrier, a nethod of manufacturing such a record
carrier, and a nethod and an apparatus for recording on such a nmultilayer
record carrl‘ﬁﬁ’owﬂ%ans of which the residual effects of?4] Hgozd’loﬂerences
25 in the transm ssion properties on theérecording or reading operation can
be reduced ach eved ord carrier cl al in the
clainms 1 an%y%“"%c}’"l a &r%shu tsmasml?t Cffﬂlgﬁ% angf Restons. %fhglmrﬁoﬁr@% by a
recordi ng antbrsdTla&ntakynma(bflthc hehcm portdyns mapn tle biytaiaed eypoovddingjancqolditiosdl us as
claimed in claiml16, .Accordi h art. and stop positions for the
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t he header an alternative, the header
portions nag/a&%é&g%?sa#sg%%'%ﬁkﬁwef%%ﬁ IS%%?%? for exanple during the WO

02/ 075728 PCT/1B02/ 00271 6 disk manufacture; this also results in a shift
of the start and sto LBRicgn ar gement
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to the i nvefhft dgingdhe rwr@ag)mptbp iq“@wnma%uqnéayaf H&P@é@a‘ﬂiég%ﬁé‘éﬁ al#aj d start
posi ti onsangfhed o v%aﬁ@degdlﬁg%%fs m&; thOEap(ENatRRelhb ab e fiform@dich 18geP P
position and the beginning of said header portion (H) 1n the upper |ayer
is al so ext?!ﬁé%ﬂ %ﬁﬁt@dﬁﬂ%ﬂ‘éﬁqﬁeﬁwnﬂ?%ﬁ Hiseeative el ip HELOWET cor r espondi ng

gap porti onmfdrﬂatmqa>le9%fh daBW@tink SndSX4dBAE theWYwdriet ik ABSf@éTbyne det er m ned
di stance due to th dditional shift duri ng t he recordi Qt%ﬁon t he | ower
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i nf or mat i onPEsEPesrof alhé%ﬂ?réPorP@ha‘P%@aﬁ"félqaﬁ‘ﬂémé lowerlapsr gynog piEgted by e siats apl e

readi ng powgfige u;)ﬁbﬂayarhﬁceﬁﬁs Amasgtréaa tHrbugh R@ohPR@EN kB Or mati on | ayer are
additionally extended w th di st ances as the relative shift in the

| ower i%Af or mation | Bvéﬁrabhb&hcwrwategu\ﬁdmtw BAYOG LR §rAF PHECTCBYWRr | ayer
i's not af f etagptokivhateiEthe sum of half the diameter of said radiation beam in the upper layer when

focussed on the lower layer-and a maximum allowed misalignment between the upper layer

and the lower layer. Thus, even in case the information layers are misaligned according to the
maximum allowed misalignment it is still assured that the correct reading or writing power is

25  used, since the beam diameter of the laser beam in the upper layer covers an area with a
uniform transmittivity during the whole recording or reading operation of the lower layer.
The predetermined distance may be selected to correspond to a length of a half or one full
recording frame, that is, three or six wobble periods in the DVR format. This allows a
maximum misalignment of about 60 um which is a feasible value for a manufacturing

30 process. Moreover, the choice of three or six wobble periods fits well into the DVR format
which is based on six wobble units (one Recording Frame length). This means that the
channel electronics do not have to be modified when switching between the upper layer and
the lower layer. Only the start and stop positions have to be adjusted relative to the end and

the beginning of the header portions.



presence of a header portion. The header reading in the [ower |ayer is not
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greater detail herei ngfter on the basis of a preferred enbodi rrent of the
invention afiskwith reference to the acconpanying draw ngs, in which: Fig.
1 is a cross-sectional view of a dual layer record carrier and a block 5
di agram of a recording unit according to a preferred enbodinent, Fig. 2 is
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Figure 1 shows a cross-section of a dual layer record carrier 1 and a recording

20  unit 10 for performing a scanning operation so as to write information or data into the record
carrier 1. The record carrier 1 has a transparent substrate 5 provided with a first information
layer 6 and a second information layer 8 arranged substantially parallel and aligned thereto
and separated by a 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

25 more than two. The recording unit 10 comprises a radiation source 11, for example a diode
laser, which generates a radiation beam 12 with a predetermined recording or writing power.
The radiation beam is formed to a focussing spot 15 via a beam splitter 13, for example a
semi-transparent plate, and a lens system 14, for example an objective lens. The focussing
spot 15 can be placed on any desired information Jayer 6,8 by moving the objective lens 14

30 along its optical axis, as is denoted by the arrow 16. Since the first information layer 6 is
partially transmissive, the radiation beam can be focussed through this 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 perpendicular to the tracks in the plane of the information layer,

the entire information area of an information layer can be scanned by the focussing spot



15 optical disk system the format of the dual |ayer disk being based on
the 'single layer disk format as described in T. Narahara et al in "Optical
Disc systemfor Digital Video Recording", Techn. Digest |ISOM ODS (1\i1)
July 11-15, WOOMSREyuai Hawaii, SPIE Vol . 3864 (1999), HF/BYOHS and in
Jpn. J. Appl. Phys. 39 Pt. 1 No. 2B (200®), pp. 912-919. Figure 1 shows a
cross-secti g, of wauﬂgaﬂmwgea HEGOTH: SRLIdGEnckAR) oRinkSRANSH IR0 Uni t 10
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the refl ect eﬂlbfaaéh ﬂbccmlnre, soh hmtmltlﬂl@oépr@pﬁajre fa petogpant isitinloptilmphoeliat i on

whi ch h a O her, el ectr cal Indi : i on of the
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whi ch contr €’ po on o J%ctlve ens 14 and-hence t he position
of the focussdag)épr example a wobble counter (not shown) to derive the recording position from a

wobble signal provided on the record carrier 1.

25 It is to be noted that the invention is also applicable to other disk structures,
for example a structure where the substrate serves as a rigid carrier carrying embossed
information while readout is performed through a thin cover layer. Furthermore, a two-lens
objective may be used instead of the single objective lens 14 as shown in Fig. 1.

Fig. 2 shows a cross section of the dual-layer structure of the optical disk 1 as

30 seen along a track. Like in Fig. 4, a transition section indicated by the dashed rectangle is
shown enlarged in the lower part of Fig. 2. In such a record carrier of the phase-change type
(that is, a record carrier where amorphous marks are recorded in crystalline surroundings)
pre-recorded header areas H comprising embossed pits constitute a significant part of the

non-written portion of the record carrier. A mirror mark at the start of the header area H can



spot 15 in the plane of the information |ayers and perpendicular thereto in
such a way that the focussing spot 15 follows the desired track in the
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the header area H t 8?08’5\7(5“?’5“8%%%”0 iP‘E ?Vg#’ \aﬂaagi%bu%ngagﬂeoag%%leﬁggr data. In
the DVR systapgantialsisdiggmenMA betwean tfedpweatdypr 8 and the upper layer 6 is indicated so

as to be considered in the determination of the predetermined distance A. When this

25 maximum allowed misalignment is considered, the minimum length (MG) of the gap

portions at the header areas H in the lower layer 8 is greater than or equal to the sum of :1)

half the diameter BD of the beam in the upper layer 6 when focussed on the lower layer 8 (or

the deepest layer in case of a structure with more than two layers), and 2) the maximum

allowed misalignment between the two layers (Peak-peak alignment tolerance T(PP)). This

30 can be expressed by the following equations:

MG = BD/2 + T(PP)
BD=2 . SP - tan (asin (NA/n)),
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This 30 can expresse OW ng equati ons: T(PP)

BD=2 - sw'éahmg:i@mw mehtp)the . @vlmw%arﬂ@wpl IB@EP’GG@WLW b&edJm‘é‘r ein NA

denot es t heré%@fo'tﬁ@énd%ﬁ@%%&ﬁn&ﬁg Gftﬁ%eddésﬁéa RenantnaRedenabite t he
t hi ckness of the spacer |ayer 7. R- bl ue system utilizi ng a bl ue
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BD=40 m when a spacer tﬁl ckness M 1S used. This necessitates a
20 Alternatively, instead of extendmg the gap length one may also extend the

header areas H in the lower layer 8, for example, with an additional (mirror) area as indicated
above. In the latter case, the physical groove structure starts/ends later by the same distances
as given above. As still another option, the header areas H can be extended by a dummy pit
structure or sequence, for example a VFO sequence (as the one used in the header) or another

25 dummy data sequence such as, for example, random data or an alternative regular pattern.
This can be beneficial for the channel electronics, since it can help to adjust the automatic
gain control, AC-coupling and PLL (slicer) circuitry to the right value when changing from a
phase change part (recording sector R) to a header area H. Furthermore, it can be beneficial
for the tracking servo system, since it provides an error signal (control signal) for radial

30 tracking which is not available from the mirror area. In these cases the hatched portion shown
in the lower layer 8 of Fig. 2 and of Fig. 3 is part of the subsequent header area H, This
extension of the header areas H of the lower layer 8 can be obtained by forming

corresponding header areas during the manufacturing process of the record carrier 1.
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It is to be noted that the present invention is not restricted to the above

25  preferred embodiments but can be used in any recording method for recording on a
multilayer record carrier where the recording operation on one of the information layers is
influenced by differences in a transmission property of the other information layer or layers.
In particular, there are numerous alternatives for the optical design of information layers.
Usually, information layers are made which have a high initial reflection and a lower

30 reflection in the written state. However, it is also possible to use information layers with the
opposite contrast, i.e. so-called “white-writing” layers. Similarly, due to an alternative
information layer design, the transmittivity of the written state may be lower than that of the
non-written state. Thus, the preferred embodiment may vary within the scope of the attached

claims, Furthermore, the word “comprise” and its conjugations do not exclude the presence



show a | evel variation due to reading through the end or start of the
witten tracks.-in the 5 recording sectors R at the header areas H of the
upper | ayer i S.does not cause problens when the bandwi dth of the AGC
(Aut omati ¢ @&PRE@%ﬁProI) of the driving unit 19 and the PGViBE4024ontrol for
the header PLL in the recording section 1 are chosen to be sufficiently

hi gh, Howev I { rotect the header, readi ng
fromthis | ?\f/set?ﬂa °§ﬂ§?’%’l§ %hé?g%n g‘%ﬁ% ﬁsééa? ?glgglglp T ie%ntgﬁf ﬁ%l Y R erﬁrchéngnl ayer 6
with the samecesbstweer pasentheses shiJbnag be dfstandadltmitihethsaliend i me ext endi ng t he
gap lengths in the |lower |ayer by another distance A such that a total
shift of two tinmes the distance Ais obtained in the |lower |ayer 8. This
optional shifting is also controlled or initiated by the recording control
unit 20 and indicated by the dashed arrow and the gap extensions GE in
Fig. 3. In a DVR system the preferred choices would then be to use a gap

| ength 15 extension GE of 3 wobbles in the upper layer 6 and a total gap

| engt h extension of 3+3=6 wobbles in the |ower layer 8. Wth these
choices, data witing (and reading) in the lower layer 8 is not affected
by the presence of a header area H and the corresponding transm ssion
differences due to witten/unwitten transition' in the upper |ayer 6
(since the beam passes through a uniformrecording state of the upper

| ayer 6), and al so the header reading in the 20 | ower layer 8 is not
affected by the recording state of the upper layer 6 (since it is always
read through a non-witten area). This additional gap extension may, of
course, alternatively be conbined with the option of increasing the header
areas Hin the lower |layer 8 during the disk manufacturing wherein the gap
extension is equal in the upper and |ower layers 6, 8. It is to be noted
that the present invention is not restricted to the above 25 preferred
enbodi ments but can be used in any recording nethod for recording on a

mul tilayer record carrier where the recording operation on one of the
information layers is influenced by differences in a transm ssion property
of the other information |ayer or layers. |In particular, there are
nunerous alternatives for the optical design of information |ayers.

Usual ly, information |layers are nmade which have a high initial reflection
and a lower 30 reflection in the witten state. However, it is also
possible to use information |layers with the opposite contrast, i.e.
so-called "white-witing" layers. Simlarly, due to an alternative
information | ayer design, the transmttivity of the witten state may be

| ower than that of the non-witten state. Thus, the preferred enbodi nent
may vary within the scope of the attached clains. Furthernore, the word
"conprise"” and its conjugations do not exclude the presence WD 02/ 075728
PCUI B02/ 00271



12 of steps or elenents other than those listed in the clains. In the
clains, any reference sign placed between parentheses shall not be
construed asyljimiddg the clains. WO 02/075728 PCT/1B02/00271 13 CLAI MVB:

1. Amultilayer record carrier COHDFISIH? at least two sHOYIBHIRY |y
parall el and substantially aligned info trat i on | ayers (6, 8) suitable to
be recorded UbAIMSr adi ation by a radiation beam said rmultilayer record
carrier conprising predeterrnined recording segnents (R) arranged in said
at least two information |ayers (6, 8), said segnents being separated by 5
header portions (M wherein a recording area ends at a predeterm ned stop
position at the beginning of a header portion and starts at a
predet erm ned start position at the end of a header portion, characterized
inthat in | ower yer % ) said start position and said stop position are
shifted wt respect mpuliilayer gepges carigyeamptisyg atdeast tvatselrstaptiallytpaciieland t o an
earlier possth@ﬂualweﬁmatﬂf&ﬁiamn Byerto ) BRI R ChradkGy dhah i By £ ), and I

that said p et erm ned, di stance (A) 1S selected suc an aréea through
whi ch said F@HF%‘W%W s BRitifpaerdRRerd GarrisaPanpgisipe predetgrenine@icoting segroenitd or m

transm tti viR)yrrdnded lrﬂsaichﬂ 1Retand REARRIR Tayel B)g), Vé’tﬁﬁ @eg?x?e'n b[a%? 'se%%%%g b?eam I's

focussed_.on tpe start stop positions of said | ower 52 A
record carr MRfeTRAMOps( eTeH! Zlechrdine arcaqrdy diapradatenmingd st Wp@ﬁltlbl‘agt@he (6) a gap

portion is bighmingeda heidsemhiciahdsiatal | pRAsIkHA0 #RGdin LAY o orap! d_ header
portion (I Dheaded'pﬁﬁtwe n_sai d sttgg) position and the beginning o? sai d header
an

portion (H) 1P aragerizgd portion is extended by said predeternined

di st ance (A adomedy liyan(s) m@amtp@mmﬁhmmga)@ pP&afidd Q@S%dlvﬂth gct%@égpr | ayer

(8) is extende nes . sai rede erm ned di stance
mul ti | ayer “%’8%?364@?0? QFCYB%WFE @na%fh?fé’agtmbﬁﬁﬁp@aﬁx ammdptympmdal | el

and suhb8t adistareb(4), @ldigaad | nformation |ayers (6, 8) suitable to be
recorded by | radgl ation by a radiation beam said multilayer record

carrier co “’B‘F‘%‘H@‘P‘é‘i‘%(%ﬁiselleé@éﬁléfhﬁ‘g‘t yeyypethtogelpBhiciRaidmadiationed i n sai d

at | east tvx&amrpﬁs%émtsmaﬂpéealfa@érf(ﬁ)(rﬁs a&hfonﬁ%ﬁnﬁﬁgﬁwmn Fh%'b@ n HiEEY ﬁggds ?gp

header portbaqulﬁ hg ﬁ’i record area ends’ at
posi tion at RS Tfietep l?ff‘més fﬁ‘é‘é?fé R S5 sterton stap HOSstthif @fsﬂadtlmaer layer
predeterm n@yd start position at the end of a
15
2. A record carrier as claimed in claim 1, wherein in said upper layer (6) a gap
portion is arranged between said start position and the end of said header portion (H) or
between said stop position and the beginning of said header portion (H) and wherein said gap
portion is extended by said predetermined distance (A) such that a corresponding gap portion

20  in said lower layer (8) is extended by two times said predetermined distance (A).

3. A multilayer record carrier comprising at least two substantially parallel and
substantially aligned information layers (6, 8) suitable to be recorded by irradiation by a
radiation beam, said multilayer record carrier comprising predetermined recording segments
25  (R) arranged in said at least two information layers (6, 8), said segments being separated by
header portions (H) wherein a recording area ends at a predetermined stop position at the
beginning of a header portion and starts at a predetermined start position at the end of a

header portion, characterized in that in a lower layer (8) said beginning and said end of said



header portion, characterized in that in a |lower |layer (8) said beginning
and said end of said WO 02/ 075728 PCT/ 1 B02/ 00271 14 header portions are
" shifted With}\feoZB%t to said | ower layer (8) by a predeterm ned di stance
(A) to an ea 9 g’ﬁsiti on and to a later position, resp8ETBMIRPRTL and in
that said predeterm ned distance is seledded such that an area through

whi ch said Lat i . Passes in said upper |ayer (6) has a uniform
transmtti v??@kﬁoﬁé}lﬁ Qfe%g?ﬂﬁggﬁﬁ E?Fpe?ﬁter[? &id %ﬁﬁ?ﬂﬁf@é}é{ apsdgtermipeddistanee beam i s
focussed on (A)teasealidr positicr and tpDiatet poRition, Akspsaively] MWe mhtayer (8). 4. A
record carrigg raaetcl al gﬁ% in cl ?i m 3, wherein said shifting of the

begi nni ng  SAUPEFeETined diptagee 1S sqlegted sughdbat g areq trueh mhich saidediationepamy

provi di ng apassestimsaidugr Myerlt§) haPd @nifosth rghsayi VBVt the St/ GhES: (pib)Sai d
header pgrt W&?m&% .gﬁo,&b recofrd c?rri er as clained in a,ni one of fhe
precedi ng clarneC Wherai 1S4t I§eusise af S siarion ¥ap Prsiioah eleaid Agwar dayeel®)-t o be
greater than or equal to approximately the sumof half the dianmeter of
said radi atiyon beam i,n_said upper. .|l ayer (6) en faocussed on said_| ower

| ayer (8) g’nd of a MEXSIRRAT rla%ﬂgale%(i‘%céqg?lé’n%‘ﬁfmfﬂé\fhlftﬁlég%@ﬁb%ﬂ“@&pper

| ayer (6) ammil ofshectndf sapdinddr ayreions((B) is obtaindd bEsOviding i€ arddSor ) @i Med i n
any one of aR-6cedi ng . cl ai ms rein said predeterm ned distance (A)
correspondsb{(\ggldg1 % or ﬁltftrH%TlrFi%ﬁ\é% e?éé:{i?)c?rﬂ‘?‘ﬁg frame. 20 7. A nmethod of
recordig§ information on a nultilayer record carrier (1) by irradiating
the record garrier b pation.beam said nultilayer record carrier
conpri si ng g't | east Xt’&%&(gu%sirﬁsn{??lg ?1)}1 B 9T pé?fﬂgi\é%ﬂ?f‘ﬁn‘f’ ergin §2id| | gned

i nf or mat i onptedgpermine(@jstadys (A Giset to beegrbd tiwa wPE|ual 1D @prosingRlyQhe sufCdFhaif Ny sai d
i nf or mat i ong.n. ] egnment. R),of said at |least two infornation
25 | ayers (%)'e §§,6Eg§%s§1dgp§‘g§rtegﬁt%§ SR ué%%éﬁyﬁ“t( Whp 1orussed pn pdd lowghiayerH) | and
st oppi ng saf8dand d@onatimen eflovedindsaligrnen @A bRt veden 8aitREEla R 16) 84 s48d OP

posi ti OriSatlo%ﬁa%?gé nni ng of said header portions and starting said
recording at a ptre e)t erm ned start position at the end of said header
portions, characterized in that the nethod al so conprises a step of 30
shifting incssaid | owgr r.(8).with respect to said-ypper |ayer (6) said
start posi tfon to a arféé)?ygaﬁn(féf%ﬁl%rﬁeé; &mégrfe ttg’[ed’becﬁ%‘ég‘ﬁgg’ﬁ whereimsaidyy | j er
posi ti on bypredetermihed distancedd) dlinstpaniseo (u¥)ar tankhifof aSé@Ring frame.

20 7. A method of recording information on a multilayer record carrier (1) by
irradiating the record carrier by a radiation beam, said multilayer record carrier comprising at
least two substantially parallel and substantially aligned information layers (6, 8), said
method comprising a step of
recording said information in predetermined segments (R) of said at least two information

25  layers (6, 8), said segments being separated by header portions (H), and stopping said
recording of said information at a predetermined stop position at the beginning of said header
portions and starting said recording at a predetermined start position at the end of said header
portions,
characterized in that the method also comprises a step of

30  shifting in said lower layer (8) with respect to said upper layer (6) said start position to a later
position and said stop position to an earlier position by a predetermined distance (A), and a
step of
setting said predetermined distance (A) such that an area through which said radiation beam

passes in said upper layer (G) is of a uniform transmission nature within the beam diameter



setting said predeterm ned di stance (A) such that an area through which
said radi ati on beam passes. in said upper layer (6) is of a uniform
transm ssi Oan%E/Ws‘fzsm thin the beam di aneter WO 02/ 075728 PCT/ | B02/ 00271

15 (BD) when sai d radiation beamis focussed on the starPCHBI¥YZH positions
of said lower layer (8). 8. A nmethod aslklainmed in claim?7, also

d (8). 8 A method : n claim g
arranged et agan ek il ad bR IPIob At et BRGP ap U of P IRGET L | o or

bet ween sai@).stop position and the begi nning of said header portion by said
predeterm ned di stance (A) such that a corresponding gap portion in said

| oner |ayer (8) is extended by two tines said predeterm ned di stance (A)
10 9. A nethod as cl Aimatltbdiam clgingil m cTaimr7, 8so sdneriging the aiepl ofxeaheing irmdane d

di stances ( i t : r r ual..to [ oxi nat. t he sum
of half ?he fﬂéﬁ%et? gff) ac# P (g?l%{ ﬁ%g%dg%%gn edas(r?nagtl E%Slélg? %Padﬁg%e )réﬁ?g?‘g’%fl%) when
focussed onPostEancpr befiieen $aidstap nog)iorsand tipfbeginningxd swidrheader pwioh by sl | gnent

(MA) betwe id. d said |ower layer. (8). 15 .. A met hod
b ¢l ai med DRk bindd Bffnd XFLA Rl 198598 o &Y Rora P S st 42

di st ance coxtendgihydwottimes padd prdeteommedidikthinodfaAya recordi ng frame. 11. A net hod
of manufacturing a nultilayer record carrier (1) conprising at least two
substantially parallel and substantially aligned information |ayers (6, 8),
sai d medhod.20 conprAsietipdiahdaigieein ofimf7oE 8] wighrgii 6Efredefirnidd Big@ster portions

(H in said(gt | east t information | ayer 6, 8), said header portions
bei ng arran@ﬁ sf’tgo E%Erﬁggﬁtha"roéf@) lioﬁap‘g’é‘éﬁ@%ttée iuﬁ)%fh&ﬁ&eéiwqr?%%‘qon t hat
the method radisttiondbeamiin saibuppershyep(6Dhénofosisid of 34id 1HRAME (BAME bPAS Such t hat
in a lower |ayer of said at | t two information 25 |ayers (6, 8) the
ends of sai%”‘K‘B%‘Béﬁg‘ﬁ??m@ﬁgm%ﬁtg@ﬁﬁ?twa Sgif upper ggﬁég)tangémgi?“ﬁb}%?r ®ayer (8)
of said at |least two information layers (6, 8) to a later position and the
Caver (50 sard ackridies of famedapdats ilanytpd! Vs 35 prsceimin oy
posi ti on bydistange cutespands wexde di ts b haitef aréjordimgnflarhdie st ep of setting said
predeterm ned di stance (A) such that an area through which a radiation beam
30 used for recording or reading said record carrier (1) passes in said
upper | ayerll(6) is oh mgthodef haonfrcturiagms misisiyanedvad currer (i) tcbuinprididpeat Bagm
di aneter ( . SA LAl . is, . focussed o art o nd
posi 1 ons. oF® SRR ches B AR TN g UFUREEp  o) Fit mtiod

20  comprising the step of

forming predetermined header portions (H) in said at least two information layers (6, 8), said
header portions being arranged to separate recording segments (R),
characterized in that the method also comprises a step of
forming said header portions such that in a lower layer (8) of said at least two information

25  layers (6, 8) the ends of said header portions are shifted with respect to an upper layer (8) of
said at least two information layers (6, 8) to a later position and the beginnings of said header
portions are shifted with respect to an upper layer (8) of said at least two information layers
(6, 8) to an earlier position by a predetermined distance (A), and the step of
setting said predetermined distance (A) such that an area through which a radiation beam

30  used for recording or reading said record carrier (1) passes in said upper layer (6) is of a
uniform transmission nature within the beam diameter (BD) when said radiation beam is

focussed on start or end positions of said recording segments of said lower layer (8).



WO 02/ 075728 PCT/1B02/00271 16 12. A nmethod as clained in claiml1l,
wherein said shifting of the beginning and of the end of said header
portions (H)_is obtained by providing a mrror area or by providing a
dummy pit st MOBUPE3% n said header portions. 5 13. A recBFHMYSEPpar at us
for recording information on a nultilayeté6record carrier (1), said record

carrier co i sing at t ubst.ant.i ally. paral.l el d, subst anti al |

aligned i EP%r mat ?onq%lgtie}?&sas(c gi?m%)”?cslglg} 1211 g%%é? g‘rl“aghlélgﬁﬁﬁﬂgp?%““éf‘gra&gi ati gn

source for pftbeent ofgaid headei porticon (Hésobraized by pcivivingraaindr §rdddr ygrovidiegr di ng

said infor i L i nts (R) of said at 10 | east two
TRy ol Egﬁgg}rgsmh@%@g@% (R

information | aye yirra I'ng the record carrier (1) by a
radi ati on beam said segnents being separated by header portions (H); and

control ags (20) faqr J } [o1de] f said information. at a
pr edet er E?ngg st op forseﬁ@g%h@tgr a@ﬁg}gﬁég@?\lﬁ?ﬁgg@ LA %ImHllél {d& P s and
starting saflo seidaenoet ¢agriescomprisgatietsewri snexteng el garablelsint substaadallylabgredd of

sai d header jahiisiNg . §hak Leh I hat said control neans (20) are
arranged to shi ft1 inye]sri{lédg)f om%%bﬁéye(%q?i’}%]néai d start position to a later

posi tion an@redigtion souess forpsevidiage rdiatign beaml i er position by a predeternined
di stance (AecordinkhehRsS® fe j d: ; . . rel i .
pr edet er mi nec((i0 ding_t aence_ ?%)r i gbrtggét ggd@%ﬁ%ﬁé?yﬁ%e%%g 8 s%gﬁ%ﬁs @iogﬁm%gi d
radi ati dff  lsest breisgsmatiendayers (65 §y iimsgiating thg wseord earriprd 1)y soradiatidndenam,

transm ssi Ogid\@ptbfs BdihgdYeParhtBEb PRAM: poHigiRERhyd BD) when said radiation beam
is focussed on the start and stop pOIS)I_ti ons’’o said lower layer (8). 14.
An appar at uSonge! meags A0y for gopning sHdrerordinaeaf s3if infermatiens e prodetersumed s(p0) are 25

arranged tOp@n{oﬁa@khéBegﬁaﬁrckhdmmneah@)@%_oﬁs%d&aﬂﬁgSMHC&% af {)anged bet ween
said start grgiltl on, and e end of said header "portion gr etween said

stop positi it

eigrpuned stays RaTitRT 4+ e g1d of s7id headerpgtionpor t i on by sai d
pr edet enpi nedradiefitedng thaf A), such that a corresponding gap portion in said

| ower | ayer a$d82 i s ext epged by two tines said predeterm ned distance (A).
8 ontrol means (20) are arranged to shift in said lower layer (8) said start position to a

later position and said stop position to an earlier position by a predetermined distance (A)

with respect to said upper layer (6),

wherein said predeterminec distance (A) is set such that an area through which said radiation
20  beam passes in said upper layer (6) is of a uniform transmission nature within the beam

diameter (BD) when said radiation beam is focussed on the start and stop positions of said

lower layer (8).

14. An apparatus as claimed in claim 13, wherein said control means (20) are

25 arranged to extend in said upper layer (6) a gap portion arranged between said start position
and the end of said header portion or between said stop position and the beginning of said
header portion by said predctermined distance (A), such that a corresponding gap portion in

said lower layer (8) is extended by two times said predetermined distance (A).



