RCIDIP2009/003782 DESCRIPTION INFORMATION
RECORDING MEDIUM AND INFORNATION
RECORDING DEVICE TECHNICAL FIELD  perimongsiaossn
[0001]The present invention elates to an information
storage medium on which information written by

being irradiated with a laser beamMore particularly,

the present DESCRIPTION

INFORMATTION RECORDING MEDIUM AND
INFORMATION RECORDING DEVICE

TECHENICAL FIELD

[0001] The present invention relates to an information
storage medium on which Information is written by being
irradiatred with a laser beam. More particularly, the present
invéntion relates to an information storage medium with three
or more information storage layers and an information writing
device that 1s compatible with such an information storage

maddivm.

BACKGROUND ART

100027 Various types of information sterage media, on
which information can be written by being irrsdiating with
light that has besn modulated so as to represent the
information tco write (such as a laser heam), have bean
developed extensively as means for storing a huge amount of

information therson. Examples of those information storage

media include a write-once Iinformation storage medium, on



invention relates to an information storage medium
with three or more information storage layers and an
information writing device that is compatible with such
an information storage medium. BACKGROUND AR
[0002]Various types of information storage media, on
which information can be written by being irradiating
wRickyithARGRE thel 1148 Beerritotiulatéd soasto represerit:cular
the information to write (such as a laser beam), have
*re2heBiY dRvelSped Bxtensiven 48 madisfor Korliig &£ whicn
into h{%ggogm%lg_ntbgf ipgglggtion thereﬂqn..géam‘ples of i
those information Storagé medid'indiude a"Wiité-ohte® ==
rhosdNfOr _tionwstot[gge_gjne_d' m, on . - Swrite—on ‘s
bos%c?‘?%%ﬁ%%b&idog%ef%%Fchcfr?fber%étioﬁcréén e cprieat
a1 scWEten only, once.an.each. particular.area,.and a re
table information storage medium, on which
(oovinformation.cansbekawsitten.andplimited, pumben of .. a:sc
times. Those two types are generally called a
by léwrite=gneewopticaldiscand a-trewtitable epticakdisC'tc get
respectively. [0003]To increase the storage capacity
multkyﬁafﬁb?ﬂﬁga|tﬁggzs stacked one upon the other in a single
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optical disc. As for DVDs and BDs, dual-layer discs with two
information storage layers are alfeady available.
[0004] Such an optical disc has a test write zone for
determining appropriate writing conditions for writing
infermation (such as the recording power of the light, among
other Things) in each of its information storage layers. in
writing information on an opitical disc using an optical disc
rive, the recording power 1is optimized using the test write
zone when the drive is being loaded with the disc or just
before data 1is actually written on it. For example, Patent
bocument No. 1 discloses a method for determining the

recording power for a write-once cptical disc.



by leaps and bounds, it is an effective measure to
take to get multiple ,le storage layers stacked one
upon the other in a single optical disc. As for DVDs
and BDs, dual-layer discs with two information
crraTIgtorgge layers are already available, [0004]Such an
optical disc has a test write zone for determining
PATENT LITERAT .. - ... . .
appropriate writing conditions for writing information
0005] (such as the recording power] of the light, among
other things) in each of its information storage layers.
PH WhtinG fdintation on*an optitadisc tisilg afF® ! 12" o"
r.optical.disc.grive, the recording-pewes is optimized
using the test write zone when the drive is being
loaded with the disc or just before data is actually
sommar ViR QR it EQr example, Patent Document. No. 1
discloses a méthod for determining the recording
TECHNIpHEWERPBEBMWrite-once optical disc. CITATION LIST
]PATEaNtlﬂ%IT%DFéérLQBﬁVLOOOLS] ggé_gntgg&%@eenEeNc nigues
1: Japanese Patent Application Laid-Open
appliclublicatiom N@:t2002-358648.th two informaticn storage

[0006

lavers but discleses nothing about the structure of an
optical disc with three or more information stcrage layers
(e.g., the arrangement of test write =zones and how Lo use
them, among other things).

{0007} Empbodiments of the present invention provide an
information storage medium with three or mere information
storage layers, on each of which information can be written
under appropriate conditiens, and also provide an information

storage device that is compatible with such an



SUMMARY OF INVENTION TECHNICAL

PROBLEM [0006]Patent Document No. 1 does

disclose techniques applicable to an optical disc with

two information storage layers but discloses nothing
infornabout therstreictasewof. an optical disc with three or

more information storage layers (e.g., the

arrangement of test write zones and how to use
sororidherm, seosry other things). [0007]Embodiments of

the present invention provide an information storage .
[0008] medhifif it thrée Bt Mor&Thformation"storage ™ =" ™
there |§¥er§xm§&§h&f whigh-information can:bewritten with o

under appropriate conditions, and also provide an
informpifimation Storagedévice iiat i compatibiéikfth tH2t *°
egual SHJChoqn &@E%@Q?“Q'Héto@&%@,em&mwhlch data can be

written with a laser beam and which are stacked one upon
the other, wherein each of the n Information storage layers
has a test write zone for determining the recording power
of the laser bheam, and wherein when those n information
storage layers are counted from the one that 1s located
most distant from the surface of the medium on which the
laser beam is incident, there is a bigger radial location
difference between the outer peripheral end of the inner
one of the test write zones of 1™ and (i+1)™" information

storage layers (where 1 is  an integer that satisfies

fIA

I

253i=n-1) and the inner perivheral end of the other outer
test write zone than between the outer peripheral end of
the inner one of the test write zones of ™ and (j+1)°"

information storage layers (where J is an Integer that

satisfies 1Z3=i-1) and the inner peripheral end of the



SOLUTION TO PROBLEM [0008)According to an
aspect of the present invention, there is provided an
information storage medium with n information
storage layers (where n is an integer that is equal to
other QF@reater-than three)zon which data can be written
with a laser beam and which are stacked one upon
the other, wherein each of the n information storage
o009 layerg has atestanvite zane for determining 4herage medium
recording power of the laser beam, and wherein
havmf‘vxﬂ*feﬁetﬁtisetﬁritﬁotﬁtéﬁ%téf’é’refjéZlé?}%rsaéfree tourtsy there
is a wﬂ::%rp E}l%l%ﬂegt%‘tﬂ&%t%empﬁﬁgﬁé% frt%m: tm@lte ZONes
surface of the medium on which the laser beam is
of a meiide:nﬁt thereisa bi@@éf‘@é@@al |beationr diffeféacenat é¥e
t & test write zones of ith and NEQ information
bean iStoragedayers:(wheretis @r integerthat satisfiesite zones
2)=-in-) and the i Jnner peri heral end of the other
of anchlitér Eest write Zone than between the outer
are 1opmgahﬁﬁahecmdsatﬁh&ua;mefmmesatsmeetest write zones
of jth and (j+I)sh information storage layers (where j is

(00101 an irtegerthiat Stisfigs 1 --H- 1121 Bhd the ThRgi®® ™"

hav1ngp§r'@bﬁf@hﬁl@rpfstt&a@gqara.ggﬁgr testwiite zonewn integer
[0009]Disclosed herein Is an information storage

that imeddiim Hayifg atfedsttires inforffation™stdrage “2t# <an

os wrilBYElS; And there is awider radial gap.hetween.the e upon
respective test write zones of a pair of adjacent

the otihfgrmafior storageslayersithatareloehtgdiclostrts "as @

test v}rle Surface fth%emeevgtgyrryﬂgnt\/}&{hlcpe@ aé%{ b%@mésot the
incident than obetween the respective test write zones

1zser of-anothewipair ofadjacentrifformation storage layerss =re

X that are located more dlstant frorrcti that su C{aceq . from the
counteygtoibisclosad herein 18 an information storage
surfadNeiUfhe medium an which the laser beam is incident,

ayvers that

there is a blgger radial



having n information storage layers (where n is an
integer that is equal to or greater than three), on
which data can be written with a laser beam and
which are stacked one upon the other. Each of the n
locatidnformatiomstoragedayersshas @ testwriteczonesfor oL the
. determ[ping the?rectordiggtgovgggeog h%ilas%rnbeaan@. (ki1
225 \flen those n information storage layers are counted
informfFoRhthecongthat isdecatecharest distant fronitheger chat
surface of the medium on which the laser beam is
satistigsideftfiere istabigger ratial 6eatbh differénte s °
other bgatl\éleeren !::Qgtmnv?gir%eenpg%ggl eprgagf ”%%AQQQI or}geof inner
the test write zones of Iddi and (k+1)th information
periphstaragedayers{whereck is@an irteger thattsatisfieszones of
w _ 1kn-2) and t}hef outet;r;peripf%e.ral enq ofetpse oath router. ...
< angastWiite zone than batween fHis inner peripheral.
periphend ofthesinneeone. of thertest writeszones:ofiktfl and
(k+2)th information storage layers and the outer
10011 peripherdlerd DFtHE OtiaP BUET test Writd Z6H8. 2°¢ * *°
one. (Doll)In one preferred embodiment, n is four and Kk is
one. [0012]Disclosed herein is an information storage
(0012 medhinrhayifg e ifornidtion stbfageslay8rs>fwhete fed
naving'S-A00IGGEr thatis equal tg.or gregter.than foun,0n, ceger
which data can be written with a laser beam and
that iwhicheare stacked: one upon thewsther Edeirof thgancan be
ar it ceiiiormation storage layers has a fest wiite.2ong fot, .., cn.
) aetermining the recording power of the laser beam.
other.Whenithese:hdnformation storageclayersiarercotinted test

" from the onetthat,is_ Iocattged most istangefrggn the . . +.or
r for erminin X ol iase

WELLE ZGHA e Bf theTredium on which the Taser beam, is

peam. IN@IHENt; theseds abigget radiakcrage 1ayers are counted

from the cne that is located most distant from the surface of

the medium on which the laser beam is incident, there 1s a

bigger radial



location difference between the inner peripheral end
of the inner one of the test write zones of kr7h andk,
11th information storage layers (where k' is an integer
that satisfies 1==k' n-3) and the outer peripheral end
tocatiof thef Othenouter testwrite zone thaabetween the of the
_ inner peripheral end of the inner one of the.test write, . . ..
. fgﬁesgg)f Fk F1)t and (kK +3) %ﬁnl%?orrgnpati%n stoarnzfge1i e
informdayets ang-the ouige peripheral end of theotherewter that
test write zone. [0013)Disclosed herein is an
satisCifforhrafion storageméediufifavingthintsrmation’ ©f e
other S!:)%r’.caége l%Xg[S (\\{JVLhJ.ecree nzlgnaen_ I@k%gler E@%hésegqu@!eto inner
or greater than three), on which data can be written
periphivith alaserbeam and which arfe stacked-omeiupopones of
., ... the other, Each of the n infarmation storage layers
51 s B rest it zoné o7 detrmining the roshrding ™
cuter powerofthelaser beam:-Whentheserndnfermationne.
storage layers are counted from the one that is ‘
(09131 o cated Tho¥t HiSEt fronf the SUMfaEE of the Tredilim™e
naving OR WM%B&%@S%EQ%@ i§ai§1§_i§|em&;nﬂl% testiwrite integer
zone of the third most distant information storage
that ipyeristdeated cosero Hebutef Edge Of thie < data can
be ermggllmkh%n fg@é@fb%@gét wé@ptalmom@!@ﬁ one Uuporl
storage layer, which is located closer to that outer
the otpdge thavithe testwvritezéneref the secomtemastrs has a

test wglisﬁtgngolggorjggxa'tlggt%trorr!‘larg%gl{a)égg Isfecording power of the

laser beam. When those n information storage layers are

the

counted from the one that 1s located most distant from tThe
surface of the medium on which the laser beam is incident,
the test write zone of the third most distant information
storage layer is located closer to the outer edge of the

medium than that of the most distant information



[0014]In one preferred embodiment, n is four.
[0015]Disclosed herein is an information storage
medium having n information storage layers (where n
is an integer that is equal to or greater than four), on
storagevhichedataican beswiittert st FliSertedfir Anguter doe
tnan  JyRich are stacked one upon the other. Each.pfthe g ...
information storage layers has a test write zone for
inforngaterminingtheaecording power of the laser beam.
When those n information storage layers are counted
[0814) from' thé Sn&That'is focated lrﬁmf‘)nsgt'd istant from the
‘00151 Surfage of-the medium or which.thedaserbeam:dss mediun
incident, the test write zone of the third most distant
navingirformatign SHrabe iayer i€ 15¢ated tio8er to the dutér °7°F
that lgd&%g the megk%m@la@ﬁmtf%tthe second-mesta can be
distant information storage layer, which is located
writteploser to thetesutsredye tHakttheé t&st Wiite Zoie ofeor the
otner . NE fourth.most distant jnformation Storage, |ayers, . tesc
[0016]Disclosed herein is an information storage
write mediumr havieguarinformation storage layers (vhere 1aser
beam. n ‘;I:\TSbean Inkjs:eugeergh%ta‘ %%%%?!);[10 é)r_ro%e%tefa heafg f%‘ép’ counted
on which 'data can be written with a laser beam and
srom tWhicheare:stackedcnednman thewther. fEactrof thefpce of
information storage Iaé/Lers has a test write zone for, .
the MYet8ntiting'the reldrdiny power of the faser
write DEAM.When.those nuinferrpation:storagedayersiare storage
counted from the one that is located most distant
layer fryphtfie-SlrfACE Ot the MR8t orf Sifich 18 Takef " =7en
that %%eiség&i%n%o@l@ testowrite zoneaf the third-mesti ayer,
distant information storage layer is located closer to
which the duterredgelottiie hteditith thantthat Btheost™e test
arice distant ipfonmataon storage.layer, whichisjogated, siorage
closer fo that outer edge than the test write zone of
layer the fourth most distant information storage layer is.
[0017;Disclos§qlherein is an infarmation stora

e .
sclose ereln 15 an 1in MATLO stoxgage medium

nole 7L
“Iheditm



haying n information storage layers (where n is an
integer that is equal to or greater than three), on
which data can be written with a laser bean, and
which are stacked one upon the other. Each of the n
havinginformationtstorage-layersihas-a testwrterzonedor integer
] ﬂ\_de\term}!ning tlge recgrdirglg_powey 9f the Iag.erkbggl[g. can be
TPat Ai1gtést Write zones are arranged at mutually
writteflifferent radial-locations-and:eachrtestiwriteczene hasn the
a plurality of sub-areas. When those n information
other. sidrage Myers are COUNTEd front the6he thatis "5 @ *=°°
write lOGAtedmostdistant.fromdhesurace;of the-medivm 1asar
on which the laser beam is incident, 8t
beam. aififforAiationstorage T Eyer (Wherddrisianederq e counted
from tﬂ&'@?@rtﬁhﬂt §§tl§£l%gt§:§d§sin)ﬂsa§g@p%gmwﬁ:%tggrface of
laser beam toward the inner edge of the medium but
the mafeisubrareas-of itsdedtwritebzone &re Usedvtowarde test
the guter edge of the medjum,, On the other hand

an,
infdrmalticon Qtorage

(F—ij%S information storage layer is scanned with the
layer laserbeam towasd the outeredge ofthe mediumedutm than
the sub-areas of its test write zone are usegi toward

that the most, di + information storage layer, which is
et YheTingr edge of the meddum: " °70F29® =&Y

located closer to that outer edge than the test write zone

write

of the fourth most distant information storage layer is.

{00173 Digsclosed herein is an information storage medium
having n information storage layers {where n 1s an integer
that is equal to or ¢greater than three), on which data can
be written with a laser beam and which are stacked one upon
the other. Each of the n information storage layers has a

test write zone for determining the



[0018]Disclosed herein is an information reading
device that performs a read operation on an
information storage medium according to any of the
preferred embodiments described above. The
recordipformation sterage-medivrarhasTaconrtyol ereeinates are
least one of the n information storage layers thereof.
arrangstheidedice’ferorms at 18ast 6ne of the steps of:
test wildeying iﬂ@rmaiﬂg&abmﬁ the daformation stosagehose n
medium from the control area; and reading data that ,
inforni{ge e ittel? Ui any 6 (& iformatioi stSrage™" *°
locatec!la}{\gg% V&'IQ[:@F:O@&Q EQAN%EHBQ&@Q& b@%nrﬁ@@iﬂﬂt%ﬂ which
with the test write zone of that layer. [0019]
tne laPisclosed hereindsan infotation writifig Bevies that ©r29¢
Layer DETOIMS a write operation. on aA Information storage .,
aYer {8diim acording to any of the preferred
scanne@MBodiments described abeva.sThedevieer edge of the
determines the recording power of the laser beam
medium§ifg tHE teSPWAE*01E of One B th& T Tforigtion © =9
towardStt%reagJ%égileE%gQngfwﬁ’ggsmgéiénpn tt@at J@ﬁéeﬁbyer hand, an
irradiating the medium with the laser beam that has
(i-1) “had ftsretording power determineds {00Z0]DiseldsEd +#5°F
pean cNETEIN I a reading method,designed 1o, paHOMA areas of
read operation on an information storage medium
its teaccording torany=ckthe pieferredienibodimentsdge of the
_described above. The information storage medium
mediifh a5 a control area in at least one of the n information
(0018 15torage layers thereof. The amethodrincludes-atdeast device
one of the steps of; retrieving information about the _
that  gefGination stGrige Riedium fréfn the control area; ~

mediurnangcrcgﬂqiﬂgg to any of the preferred embodiments

is

described above. The information storage medium has &
control arez in at least one of the n informatlon storage
layers thereof. "he device performs at least one of the

steps of: retrieving information about the

10



data that has been written on any of the n information
storage layers with recording power that has been
regulated with the test write zone of that layer.
[00211Disclosed herein is a writing method designed
infornta vrite dlata=on andmfarmation storage-mediim area; and
_according to any of the preferred embodiments
readingestiived ABove" The Thethod coniprisds thiésteps of*e ©
i ntormdetermining.the recerdingpower of the laserheamn . nas
using the test write zone of one of the n information
been refdrae fayjers; At Wiiing data G thaf layer by ver -
[0019] Irradlﬁ%gébﬁjm%qléﬂm Wgham%ﬁ%%%pm %@EQQ& device
had its recording power determined.
that ADVANTAGEQUS BEFFECTS OF INVENTI®@Nicn storage
neaiunl 00R21A0;0ptiCaL disG according fo embodiments of ., .
the present invention has three or more information
descrigtogragetayersireachobwhichchasra testarite:zomews power
of th thgst(ai% WQ%/me\éen ig thgsetinfgrmatjon storagfe layers e
T U%aré Tradiated Witha 1aSer beam at mitlally diffSrent = ®
informintensitiesragdn respeactively diffeeentithermalnar 1aver by
_ _environments, a test write operation can still be _
PrredlBErGrhe BRHE tArgét infornfafion tdtage fayer s 1t
recordWhich.aewrite. RGHE32009/003782

[00z20] Disclosed herein is a reading method designed to
perform a yead operation on an information storage medium
according to any of the preferred embodiments described
above. The information storage medium has a control arsa in
at least one of the n information storage layers thersof.
The method includes at least cone of the steps of: retrieving
information about the information storage medium from the

control area; and reading



operation is going to be performed, using its test write
zone under the operating environment of that layer.
Consequently, the best recording power can be
determined for each of those information storage
data iﬁyerﬁqﬁRbEe%rDE@QRéBT@Nan QRAWWQS;{ML‘C';OH
FIG. 1 is a schematic exploded perspective view
storasi|ydtrating tHe maketip of arrtiformatiofestdtatje reovtated
witn cmedim as:afirst spegific,preferred embodiment of
the present invention. FIG. 2 is a schematic
(0021 Trepréseptation illastiating an amapgementoftestsigned to
wrie WIIe Zones forthe information storage medium,, . ., ..,
shown in FIG. 1. FIG. 3 is'a schematic
of theepreSentatioarifiusirating thesariangenmtentof teBte method
conpre Y06, ZONES In.an jnformation storage mediumas ... .
R Omparative example. FIG? 4%53 schematically :
the ldHustrades theistrueture-efeach of thedaformatiencr the n
~_storage layers of the information storage medium
FREOEE SR E1ES, 12AHT FITS. H(b) AAdPA(E) Siethet taver Py
irradiSEheMAtic representations.cachdllustrating.a direction; s
recordy;g power determined.

ADVANTRGEQUS EFFECTS OF INVENTION

[DD22] An optical disc according to ermbodiments of the
present Inventicn has three or more information storage
layers, each of which has a test write zone. That is why
aven if those information storage layers are irradiated with
& laser bkeam at mutually different intensities or in
respectively different thermal environments, a test write

operation can still be performed on the target information

storage layer, on which a write



PCI/W2009/003782 which the test write zone may be

used on each of the information storage layers of the

information storage medium shown in FIG. . DT APA00/003752

FIGS. 5(a) and 5(b) are schematic representations

each illustrating an alternative arrangement of test

write zones for the information storage medium of the
Opefﬁ'?é‘t‘?pré”fe‘ﬂ@éageﬁ?béﬂiﬁﬂ%ﬁ?medrFr@ifﬁ?i§‘ass*e?@mmié@ zone

resentation illustrating another alternative
undeg E Ahg@mant of tESEWIE2bnds fof th&ifform&fibifeentLy,
the 'E'sétoraggc[)nl dlum gijpe first Qreferred emboglment- .
5 5 sCRematic représentation iifustrating Aow a 5

insodgleriorated area on an information storage Iayer L2

will affect the othe information storage layers LO and

LI FIG. 8 is a schematic representation

illustrating another alternative arrangement of test
BrisiVrigZapesfobihedniosmation storage medium of the

first preferred embodiment. FIG. 9 is a schematic
[0azyepresentation illustrating an arrangement of test

write zones for an information storage medium as a

gé€ond préferred emmibodimentsebtivespresentpactive  view

invention.
iilustrating the makeup of an information storage medium as a

first specific preferred embodimsant of the present invention.

ki

iG. 2 is =& schematic representation illustrating an
arrangement of test write zones for the information storage
medium shown in FIG. 1.

FIG. 3 1s a schematic representation illustrating the
arrangement of ftest write =zones in an information storage
medium as comparative example.

FIG. 4({a} schematically illustrates the structure of
each of the information stocrage layers of the informatiocn
storage medium shown in FIG. 1, and FPIGS. 4(b) and 4(a)} arc

schematic ryepresentations each illustrating a diresction in



PCT/JP2009/003782 FIG. 10 is a schematic

representation illustrating an alternative arrangement

of test write zones for the information storage

medium of the second preferred embodiment.

FIG. 11 is a schematicrep.resetation illustrating

another alternative arrangement of test write zones
whickoritie iRTGFMALOIT stoTage TAedikim 8Ftie Secore: of the
__ preferred embodiment. FIG. 12 is schematic .
o reSeRtABRILBIFATinG antth &Y AitBFhatR et orage medion
Snownarrangement of test write zones for the information

storage medrum of the second preferred

Wd@e}m nd 5{!39 13 IS§b|O§k dlaggresentations aach

illustrating a preferred embodiment of an information
111uWFting device aceprding to-thepresent invention.: e zones
_ FIG. 14 is a schematic representation illustrating the
for Shucturebaninfernagionstormge Medinasa preferred
fourth preferred embodiment of the present invention,
embocdEl@ntl5 IS a schematic representation illustrating the

structure of a single-layer information storage
medium. is a schematic representation illustrating

PCTAPG0OS/003782

ancther alternative arrangement of test write zones £for the

information storage medium of the first preferred embodiment.

FiG. 7 1s a schematic representaticn illustrating how a

deteriorated area on an informaticn storage laver L2 will

affect the other information storage layvers LO and L1,

FiG. 8 is a schematic representation illustrating

another alternative arrangement of test write zones for the

information storage medium of the first preferred embodiment.

FIG. 9 1is a schematic representation I1llustrating an

arrangement of test write zones for an information storage

medium as a second preferred embodiment of the present

invention.

14



FIG. 16 is a schematic representation illustrating the

structure of a. dual-layer information storage medium.

FIG. 17 is a schematim representation Must tiny=188,. 403762

PCT/JP2009(003782 structure of a three-layer

information storage medium. FIG. 18 is a

schematic representation illustrating the structure of a

f8tit:layBr iffofmatitif Stotagelristhitniion ~FigtFginy an

: is a schematic representation illustrating the physical
ALedpititre BTERYAIGIMatiOn stéfhge hédiuni4gs = ¢

info rfrgallj trwt I(;]np g% g?*g';jeed I%@R%dgp %gte QSfeEQ%c I[;el‘se$ Q :;E z:\é%n elrgJoQ)'d iment.

FIG., 11 is & schematic representation 1llustrating
another alternative arrangement of test write zones for the
informaticn storage mediwe of the sscond preferred embodiment.

FIG, 12 1s & sachematic representation i1llustrating
another alternative arrangement of test write =zones for the
information storage mediuvm of the second preferred embodiment.

FIG. 13 1s a block diagram illustrating a preferred
embodiment of an informaticn writing device according to the
present lnventiocon.

FIG. 14 is a schematic representation illustrating the
structure of an information storage medium as a fourth
preferred embodiment of the present invention.

FIG. 15 is a schematic representation illustrating the
structure of a single-layer information storage mediuvm.

FIG. 16 1s a schewmatlc representation illustrating the
structure ¢f a duai-layer information storage medium.

FIG. 17 iz a schematic representation illustrating the

15



FIGS. 20(a) and 20(b) are schematic representations
each illustrating a laser beam spot and recording
marks on a track. FIG. 21 is a schematic
. . . . PCT/IP2009/003782
representation illustrating how a series of recording
marks on a track is irradiated with a light beam.
FIG. 22 is a graph showing how the OTF changes
SErUGitR I shékesst teeerdingarmmaikon stoFi@: 28Ygm.
another graph showing how the OTF changes with
théshdrtest récoftiyg Mark sDESCRIPTION O rating the
" EMBODIM%NTSl (EMBOfDIMIEENT 1)t
sStru R hy oIy 1L ] Ty . R
0074y HeteiRafter ‘& firdt prafendy ebEaiffehtdr an
infgrmatjon storage medium according to the, present = ...
invention
physical structure of an dinformation storage medium as a
fourth preferred embodiment of the present invention.
FIG5. 20{a} and 20{k) are schematic representatiocns each
illustrating a laser beam spot and recording marks on a track.
FIG. 21 is a schematlc representation illustrating how a
series of recording marks on a track is irradiasted with a
light beamnm.
Fi&G. 22 iz a graph showing how the OTF changes with the
shortest recording mark.

FIG. 23 is another graph showing how the OTF changes

with the shortest recording mark.

DESCRIPTION OF EMBODIMENTS

{EMBODIMENT 1}

(00247 Hereinafter, a first preferred embodiment of an

information storage medium accerding to the present invention
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PCMP2009/003782 will be described with reference
to the accompanying drawings. An information
storage medium according to the present inventiQn. . .ou7s2
may be either a write-once one or a rewritable one.
[0025] FIG. 1 is a schematic exploded perspective
view illustrating the makeup of an information storage
»+11 e dititi-a8 s firstspeciieprefetretfetibdtiment e nes-
the present invention. As mentioned above, an
A RfSATALSH stSrAGE mEGIIM frSifidr Wilicn® "¢ Present

inverlzggggamm?“tl0Qecg_'%tggrf%agxgggjggc\éwgtgnog%I%%ulzlﬂ?able one.
genera §calle an "optical disc-. Thus, the

goazgpfommon starage rgdiyn.of the present invention., ;..

ill also be referred to herein as an "optical disc-. As

111uM98d:herein”information; refers Q.charagtelhge medium as =
information, audio information, image or video

£1 rstinf@ERation; programsyant variods ethepidnds:of nvention.
information that can be stored on an information

as netoragedmedium. Any ofthiese ipiecescofnformation iser/on
digitized and then written on an information storage

whicimédighror processdd bysady ofVariots fses gft ically is
information processors. In general, tha type of ‘

genergptd AtIcI" 10" be BIocassed by a coliputer's cafled -+

~"data-. That is why "information” is synonymous .
ST &R i With “data”. Th s deseription onie of these = "¢
o] qgggmsanAMggtqg:géoggjgcaz nlngsogpeadug(g;qug I‘I‘qg@;mation"

wild be selectively used according to general or

mfe&o'%\ée@ﬁ%ldé_sa%oﬁ%t%ﬁmL%aé‘&%’&&@ak@l%ﬁ WLiMage or
be referred to herein as an "information storage

videdNeqitnbut the areate storeninfarmation addata kinds o
area" according to general usage. [0026]As shown in

infodnl@idy theoptical disc 8dcincludes asubstrate 140, storage
information storage layers LO, Li and L2, spacer

medidayergrl] tfandetd 2y andsa cover fayer Pt3iThggicized and
information storage layers LO, Li and 12 are arranged

then Jefbeh the2subsiraTe 100 aNd e csvérlagerrregesses by
so that the information storage layer LO is located i

any lodal ity the Siibstraté 0 wid tHe infSfimation storagsd™ =+

nae [QYEL L2 18 Jocated closer to the coverlayer 113, Asa. .

“nat | 4EBF beam 200 that has beén moduiated S0 as o

caliergp{%%%nt[ th’ﬁ‘gtci?fs w%}Qﬂ;IQfMAEﬂ@ladlﬁte%tQ%ﬂ&g herein
through the cover layer 113, the information storage

with |ay&[§aL.O' L'ﬁndtlh?sﬂr%é@%@dﬂ th@prd@g SQh(QJe Cerms

storage layer LO is located mo distant from the

surface of the cover layer 113 on whioh the laser

beam 200 is incident. The spacer layers 111 and 112

are arrsnged bet-ween the information storage layers

LO and 11 and

t



PCT11P20091003782 between the information
storage layers Li and L2, respectively. [0027] The sub
0 he information storage layers LO, Li and L2, 1€ .,.00/005722
spacer layers 111 and 112 and the cover layer 113
are stacked one upon the other in the order
desorlbed above and bonded together. And a clamp
MBI 1T4 RAS et cut'thrdifg et ‘Cafitér Grthgecoraing to
optical disc 101 Wlth such a multlla er structure. The
I b Strat& ™ 10, tHE SpHEEF layérd ﬁxf%’nﬁ 112 SRatiie “+°°

coverJf C111C3 ma be made\ofa %carbogate

will he . re orage medinam”

resin, for example 0028jon each ofmthe information
o SIOTAQE IAYEIS LQ, Liand.L2, arranged arg.concentric, . .

or spiral tracks on which data is written. Also, each of
sercdesgdnformation storage layers LO, Liand L2 has a

data area DO, D1 or D2 and a lead-in area RO, R1 or
1002R2, whichkisarsanged closerdo-thedanenedgeofitheudes «

disc than the data area DO, D1 or D2 is. [00291The
subsidata areds DO;Dd=aiw: D2-arecareas orr Wiflch tisepnd 12,

data will be written. If the optical disc 101 is
spacgwritesotice discairfokiiaticnmay be dritteryonly*s.  The

once on each portion of the data areas DO, D1 and
nfouE AHY T HRver e TetRritteh 2t oﬁﬁcﬁi‘”d‘%&%i’emmn

is a rewritable one, however the 1 ,
the substrate 110 and %tne coover layer 113 sc that the

information storage layver IO 1is located closer tTo the
substrate 110 and the information storage layer L2 is located
closer to the cover layver 113. As a laser bheam 200 that has
been modulated so¢ as to represent the information to write
irradiates the disc through the cover layer 113, the
information storage layers LO, Ll and 12 are stacked in this
order so that the infermation storage layer L0 is located most
distant from the surface of the cover layer 113 on which the
laser peam 200 is lncident. The spacer layers 11l and 112 zre

arranged between the information storage layers LO and Ll and



PCT/JP2009/003782 Information that has once been
written on the data area DO, D1 or D2 can be
rewritten with any other piece of information aftgcrw 09003752
that. [0030]Each of the lead-in areas RO, R1 and R?
has at least a read-only control area (which is also
called a PIP (permanent information and control data)
betwemrpd)aric et Wwrite 2ones (wWhiekridalstichlled @mectively.
SEC (optimum power control) area) on which
L02 {hformistiSHPEaR be WritteH: 0033 THE test writeezohers 0
1 i% u%ed tg regulate Ehe [ecc'l)ggiqg quer og thglaserm .
*Bedfi in Writing Tiiforiiation on the dataZred”™ “over ovs
Specifically, the test write zone is irradigted witha ...
SO TR e O R
avevd€RIeSenhpredetermined,information, while YARING IS, ..
recording power, thereby making recording marks

tnrotheresAfterthat, thoseqecordingimatks leftare:«n sucn
irradiated with a laser beam to read the information

nult Stored thereand thedualityofthe infarmationsgeadrisiayvers
rated, thereby determining the best recording power.

111 [B032|Thedest write zone of therleatkinrareaROnigle of a
used to regulate the recording power of the laser

polngégTﬁ?§quﬁ@&ﬁwgfor exanple.

[o028] On each of the information storage layers L0, L1 and
L2, arranged are concentric or spiral iracks on which data is
written. Also, each of these information sterage layers LO,
Ll and L2 has a data area B0, Dl or D2 and a lead-in area RO,
Rl or R2, which is arranged closer to the inner edge of ths
disc than the data area DO, D1 cor D2 is.

(o029} The data areas DO, DI and D2 are areas on which user
data will be written. If the optical disc 101 is & write-once
disc, information may be written only once on esach portion of
the data areas DG, D1 and D2 and can never be rewritten. If

the optical disc 101 is a rewritable one, however, the



PC-IA[32009/003782 information on the data area
DO of the same information storage layer LO. In the
same way, the test wri zones of the lead-in aregs, 1
and R2 are used to regulate the recording power o
the laser beam for writing information on the data
areas D1 and D2, respectively, [0033]In th.e control

infopdacstoratl Are dise ikfermatiorrand: inferirationrsa 0. P1
about various recording parameters such as the

°or DhHoviBr bf the irradfatifg Taserb &Rt for Wntingfusefo=ration
data as recommended by the manufacturer of the

It 516iAge medium optical disc). The best recording

roosArameters forwriting informatiag,on, the infgrmation .,
storage layers LO, L and (2 change from one laver

= cJ9sanother. In this pg@z;%rr_em@}boqgn%g&hec%%;@ol a EIC
area of each of the lead-in areas RU, R1 and R2 is

(perSHPPROSEt1QStore. natonkinfaimation abeutithe.s o test
recording parameters for writing information on the
writdatarareawof its own nfermationstaragertayerputalsosowe
information about the recording parameters for writing
contipformatiorronvitherotherdpformation istorage dayers.
Specifically, in the control area of the lead-in area
[0031RU, stredissihforfiatiortaliout thetscording resuiate  the
parameters for writing information on the data areas
recoi 8y ARNT091 063782150, Biand DF Bf & of fre™= " ©"
he tp‘rge iryz:‘oﬂrmatior!? S§9£§9§:Ja rerstl'ﬁ(e)’ Lie?;'*ndwl_rszp one  is
Likéwisé e conltrol area of each of the other Iéad-m~
:E.rracég%g‘g E»gitar}n% Fi%S%Ls%gggreéhlpigrma%tl(%@e%bgégutﬂ%ed 50 as
recording parameters for writing information on the
[e] QQ%@@Bea%QQ@@Lﬁ%@@%&f&ﬂﬁ%Jnfmm@tl(mrymg it
storage layers LO, Li and L2.

recording power, thereby making recording marks there. After

9003782

t

that, those recording marks left are irradiated with a laser

peam to read the information stored there and the guality of

the information read is rated, thersby determining the best

recording power.

(00327 The test write zone of the legad-in area RO 1s used

to regulate the recording power of the laser beam for writing
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[0034]Thus information about the recording

parameters for all three information storage layers

can be obtained from the control area of any 0@&%9@0@3732

the three information storage layers. That is why

compared to a situation where the control area of

each information storage layer stores only information
inforgigpifitheretbrdifgtparaifretds fBf thatinféfifatiarmation

storage layer, user data can start being written in a )
storadfortdreAISS; evén iFY diffErelitinfdfnalion storage” s °f

Iag/er‘from the target one has started hei..ng scanned

tk d-in, areas Rl and R2 are used (o regulate the recordin
¢ Iy mididke dus 16 a distdrbance, for example, ?

powedNiQrMRtion abouyt the recording parameters for dhe e gaca
target information storage layer can also be obtained

area0¥5CARNIAY the contrah area of that wrong
information storage layer. 100331The recording
roozparameters d@ﬂ%al\é/ﬁ%ﬁ haveto be aisc information and
PCT3T2009/003782 stored in the control area as
infoglescsibed-ahoverAdiernatively, thereontrokateagh as the
each information storage layer may store information
pover@lydutsnlythe recodihe: pareeretérs for performiig &= 2°
write operation on the data area of that layer. In that
reconggggethe difo Rt bfthe FeE otdinty paraifigtepec v foptical
~information to be stored in each control area can be
SL52eut dOWRE Hnd thereiBie IhE"s76 of fiie ‘Contrdi areq ™" "
can. also be reduced. As a. rgssugo ’e\éeln Q‘r@%rze are an

on the information sto e, _laye gnge from

STOTHE VBT
“ifcreased number of information storage layers and’if

one tﬂ%etgsq_gv rggo%ggzes of qu%%i%toE@ggelﬂ%%rseﬁggdime_znt, the

arranged at mutually different radial locations as will
cont € desgribed.later, the contrgh areas-can ﬁﬂu ha ang mo :s

secured more easily. [00361Also, if the optical disc
suppf&&dSﬁ)WﬁI@:@nG&tty@ﬂ,y information about the recording
parameters for writing information on the data arsa of its own
information storage layver but alsc information about the
recording parameters for writing information on the osther
information storage layers. Specifically, in the contrel ares

of the lead-in =area RO, stered is information about the

recording parameters for writing information on the data areas



the control area of just one of the multiple information
storage layers thereof may store information about
the recording parameters for writing i. nformatiQp 90, .07
the data area of every information storage layer
included in that optical.. disc 101. In that case, the
control area that stores the recording parameter
PO, HifGitAatior? atdut &l iftermaion Stordge @y ers gy ~=vers
be arranged on the information storage layer that
L0 BCTi9PZ0091003785 is 1ocatéd most didtafit friom™ °F *"°
othegh?elggblr!ng:%%gt_%yrfa%%e'xlog?s?o]IfstthoereosptiL%aLloId*r!ggi]églabout
is a write-once disc, information about the recording
the P@J&@%ﬁ?@a@m@@é@@gémoﬂﬂaﬂ%‘ qgf%a@@@ a&eaél@ data
DO, D1 and D2 of the information storage layers LO,
aread-i)dds2 Mayde stored inonly the.contreh area-ofe 1avers
the lead-in area RO on the information storage layer
o, hiOsdorexample. [0038]Furthermore, in that case, the
depth (or the thickness) of the information storage
(0034ayer b@&as measuredifremithe surface ofthexeversrs for
layer 113 on which the laser beam 200 is incident
all ihese thefsurfdéeroftheadisc 10Ty nfay &greetwittitherom the
depth of the only information storage layer of a
cortigingfetayér optidaldisc ds meastred from e dise *t° 29°
e Surface. Then, an optical disc drive for performinga
Y iad Write Speration 6 Hn Oplical dise With §r§in”gglee conere
area Ingém%tlgpfgg%g%ggnl%\é%rCan ﬁ|§§<9r Osp;tgggsﬂl)%gfisgqformation

information of any of fhe information storage layers

abou‘E;LQ_hé-l Mﬂﬂ%r%f %%!@@Ldﬁﬁ* 1%tTh§Eé§rftQt§§fy’ storage
an optical disc drive with a simpler configuration may
1ayee useddnithat-6aseart being written in & shorter time.
Alseo, even if a different information storage layer from the
target one has srtarted being scanned by mistake due to a
disturbance, for example, information about the recording
parameters for the target infermation storage layer can also
be obtained by scanning the control area of thalt wrong

information storage layer.

[0035] The recording parameters do not always have tc be
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[0039]Generally speaking, the more distant from the

PCUP2009/003782 optical disc surface an

information storage layer is, the more significantly the. . ...

signal read from that layer will deteriorate due to a tilt.

That is why if a given optical disc has multiple

information storage layers, the depth of one of those
storgffeidtiofrsteragetyérs (e the'réferénceMayerpt=vety:

that is located at the deepest level from the .e., _
the o1556%t tortie Yubstratd] 1S Prafsrabiy approkmiatelyy °*o

info Enﬂual to that of the only ,fO ation storan%e Iag/er of a

tion avout only the’recording parameters for performing
a write operation on the data area of that layer. In that
case, the amount of the recording parameter information to be
stored in each control area can be cut down, and therefors,
the size of the control ares can alse be reduced. Es &

result, even if there are an increased number of informatiocon
storage layers and if the test write zones of those storage
lavers are arranged at mutually different radial locations as
will be described later, the control aress can still be
secured more easily.

[G036] Also, if the optical disc 101 is a wrile-once type,
the control area of dust one of the muliiple information
storage leyers thereof may store information about the
recording parameters for writing information on the data area
of every information storage layer included in that optical
disc 10%. In that case, the contrel area that stores the

recording paramster information about all information storage

layers may be arranged on the information storags layer that
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single-layer optical disc. In that case, if the area of
each of the other information storage layers,
corresponding to the disc information area of thl%tw 008/005752
information storage layer closest to the substrate, has
the same groove structure as the data area, then the
transmittance of the laser beam to that information
= leforagetay et closest 9 the substiateesit te thef2ce-
same anywhere on the disc Irrespective of the radial
129 dcation. THs, The'opticAl tsc*dtive tan havd fenee  disc,
ineoS0Nfiguration simplified, and other layers canbe
made more easily, because thére i§ io néed to °> =79
1nfogll:%gne %Xé@%g@,} q%ggtl&ﬂ @Paaqg Egy ["gt 'I“e—;ylpgfﬁrmat ion
the disc information from that information storage
scordayerdhatisdocated.glosest jothe substrate,, (004012, .1
is a schematic cross-sectional view of the optical disc
area 14¥1 and j,lslzld&tﬁ&te:ﬁ:mewr&mgﬂmQﬁtf@ﬁtﬁtsjowri}y@orage layar
zones in the lead-in areas RO, R1 and R2. In FIG. 2
Lo, @ndeothetsimilar drawings, the spacer layers 111 and
112 are not shown. The laser beam 200 is supposed
1003%p comierfromthie strictutéshowrdn FIGs 2 @amdithetor  the
~outer edge of the disc is located on the right-hand
SR Asdndicatet! BY TS 'AFroW SHGN iy Ftc k2. as measured
. [0041] As shown in FIG. 2, test write zones TO, Ti
RO and T2 Ere Todated T fdfead W arddd RO, RiICAng 1aser
| of the informatjon storage layers LO, Li and L2,
veer r%e?é“pé“é’twéijgf’r‘ﬁes‘é 55t wiite 3065 7O, Thand T22 ™
agreeat;ﬁ @'r r@@%@&k n&‘ﬂt%%uy cgﬂfyerﬁ-[}EEﬁQ{@LLO%@yg%% Oiayer of
as not to overlap with each other at all in the direction
s sidfwhiptheseinformation stragedayers LQ. Ll and, s.ace .
L2 are stacked one upon the other (i.e., as viewed in
Then therdireetien; inawhichithedaser beam 200-60reSkac /write
[0042]More specifically, in the optical disc 101, the
cperaper perdpheralcehdTGaof the testvrite zonetTQ aforage
the second innermost information storage layer LO is
layex]oéé}[aedilso obtain the disc information c¢f any of the

information storage layers L0, Li and L2 of the optical disc
i0l. That is to say, an optical disc drive with & simpler
configuration may be ussd in that case.

[803¢9] Generally speaking, the more distant from the



closer to the outer edge of the disc than the outer
peripheral PCT/JP2009/003782 end Tlb of the test
write zone Ti of the innermost information storagcermm%
layer Li, and a gap (or an interval) is left between e
them so that the test write zones do not overlap with
each other. This gap has a distance that is defined by
°ptifiié difféfericaBetween thecrsspittive ratlial locatiors, the
of the inner peripheral. end TOa and the outer
m‘"epe‘*ﬁﬁﬁjefféiaé‘gﬂhibk}iik%‘\ﬁfi?é, thetthnerPeriphieraleiid #iit
def“@Ilz%aoJ@ thd% e‘gest writTer,%ane T2 gf the ohuterrpost . .
““information storage layer L2 loGated cidsér fo thie opticst
: scouter edge of the disc than the outer peripheral: en _
i e et e Joun 10 o7 ey BPtR of one
of iﬂ@%mgﬁo‘mﬁmﬁt@%é@@g§4%@ LQ'LarJd @h%ageferenc@g
that is defined by the difference between the
1ayef@spestive ragial dacations ofdhe ianerperiphgral.end,, . race
T2a and the outer peripheral end TODb is left between
(i.ethemof0843]H the threednfoemation storageJayetsoxinately
LO, Li and L2 are counted from the one that is
equajodatedharostidistantfrom thésurface orrwhich theer of a
~laser beam 200 is incident, the test write zone T2 of
singife it AROSE tistant infdrmition Stotagé |ajerarsisof each
located closer to the outer edge of the disc than the
o “estWiite ZORETOGF the M5st Aistait fifforifatiohne o e
. Storage all{% isé/-_}gg t@? tegawrite zone TO of the

dis nI ¢ 1nformation stcrage layer
clesest to the substrate, has the same groove structure as the
datz area, then the traznsmittance of the laser beam to that
information sterage laysr closest to the substrate can be the
same anywhere on the disc irrespective of the radial location.
Thus, the optical disc drive c¢en have its configuration
simplified, and other layers can be made more easily, because
there is no need to provide any special derecting means for

retrieving the disc information from thet information storage

layer that is located closest to the substrate.



information storage layer LO is located closer to that

outer edge than the test write zone Ti of the second

most distant information storage layer L1 is. ,

[00441Next, it will be described what effect W|IIPkg%}]PZOMG3732

achieved by such an arrangement of the test write

zones TO, Ti and T2. Suppose the test write zones
[0040FQ, TFENd F2%are* afrafAtied atthes Saine taehal view of the

location as shown in FIG. 3 on the information .
rtiGorage [AVer L O LT ERE T2 Ghfike thiS Preterréd-est write

embodiment. That IS to Say, suppose the radral
on=qotatiShs 6f the réSpactve inhér peripheral énds T4, °7*

Tla and T2a of the_ test write zone;lTO Trlgnd T2

51nllar drawing gre not shown.
agree WIﬁ’] eacﬁ ofher SO ao thSG or their outer

me PEMIRheral, ends TON, T1b.and T2h, andtherefore e ure
test write zones TO, Ti and T2 entirely overlap with

show:£aghrather I that.caseqif thetest-write zone ;b ofthe=d on
information storage layer Li were destroyed, then the

the Adrgnsmitanceofthedaserbeam theoughthe test writec. 2.
zone Ti would decrease so significantly that the laser

[60415eamieouicbrotireath the testwrite zorreiF© Bf th®l anc T2
information storage layer LO, which is located more

are  digtaritfol the lsetBéath tharrtheRinfofatih ®2 ©f ©he
storage layer LI.As a result, the optical disc drive

“nforgghidh ot BB T tel whte ZOne TG oaPthe! v= v+ Thes

. mformatron stor%ge Iayer I‘EO whrle attem trng to

at mufually

® perform A 168t write opera ion-on it [0045]Also, even'|
airedhg festwrite zone, T of the information storage 1ayer, ...,

Li were not destroyed but had its transmittance varied

otheSigRIficantly.as.asesult.of atest.write aperation that reacion
has been performed with too much frradiation power

stor@B the/test wijterzonei TLon:the information stefage.e cther
layer Li, then the intensity of the laser beam reaching

{1i.e therinformation storage dayerl Owould changeser beam 200
depending on whether a write operation is performed

comesgn the test wrate zone Ti or not.

[o6c4z) Mocre specifically, in the optical disc 101, the
inner peripheral end T0a of the test write zone T0 of tfhe
second  innermeost informaticn storage layver LO 1s located

closer Lo the cuter edge of the disc than the outer peripheral

™o
521



[0046]Likewise, if the test wrte zone T2 were
destroyed or if the transme of the laser beam through
the test write zone T2 had changed__ significant|
then the other test write zones TO and Ti could
affected. For that reason, according to the
arrangement of the test write zones shown in FIG. 3,

end fHe tdstivriteGperatiorr coull ot becpeferted 1nformation
properly on the test write zones TO and Ti of the

storsagofmgtiof PCTILR Z009/00378 2 'stor4aYe layets o "

____andLiandthe repordilng power could not be ,

“hem (it bifined properly for the Thfsrmatioh sforacelayers ="
LO and L, eifher, 1004700 Ihe.othier.nand, aceording, .

other. Thig
to the arrangement O? the test write zones of this

aizcAUgferred gmbodiment shownn FIG, 2, the testyrite .+,
zones TO, Ti and T2 are arranged at mutually

innedifferentradiallocaignsnand.donet overlapwith  cna rie.
each other at all in the direction in which the

LikeWBiQrmation-storage layers. atesstacked ane upansdhece zone
other. That is why even if the test write zone Ti of the

T2 oimformationstorage’layerlnwererdestieyed, theis located
laser beam could still reach the test write zone TO of

closghenformration storage 18Rl wittibihfor Etledst iphera:
almost without) being affected b(}/ the test write zone

= IfRIeStryéd “Eongeqlents)) thE'test wiife Speration ™=

s Tpomgld be erforngede!ru%t asaLnt%ndgd to}[la;hg tedsetf\ﬁ/vrig\;jeIb he

LEogERE TG GF e intdrmation storage layer LO and the

oz £ Je0rding power could il be determined properly for, ...
the information storage layer LO. Likewise, even if

innetNgeteSt Wite Zone A2 of the.infarmation storage layekors 1«
L2 were destroyed, the recording powers could still

1ert hedetermined properly for the information

T/IP2009/003782
e

100431 Jf the three informaticn storage layers LG, L1 and
L2 are counted from the one that is located wmost distant from
the surface on which the laser beam 200 is incident, the fest
write zone M2 of the third most distant information storage
laver L2 is loceted closer to the outer edge of the disc than

the test write zone TO0 of the most distant information
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PCT1JP20091003782 storage layers LO and LlI.

[0048]Also, for the same reason, even if the

transmittance of the laser beam passing througp AnY s

of the test write zones TO, Ti and T2 varied, thelaser %

beam could still reach the test write zone TO, Ti, T2

of each information storage layer LO, Li, L2.
storg@pnsecirently, the tesewritecoperdtion couldobe T0 of the

performed just as intended on the test write zone TO,
InFOTREE YO f BACH Infdifiratidn storage fayér O Lo g outer

and the recording power could still be determined

49¢ BrBperty for Vel inforfiation storags 18yerfomef, distant
N l0049tun a rewrital%[g ogtical disc that utilizes a
information rage _ayer TE. .

phase changé of an nfo ation storage layer, even if

(004@MOTRAQUS N 111 e described what effect will be
crystallinerecordingmarkshavemutuallydifferent

acnidialgmitiances, theliansmittance ok the information vo, 1
storage layer can still be kept unchanged by erasing
and the reCKﬂﬂiose the test write zones TO0, T1 and T2 are
arranged at the same radial locétion as shown in FIG. 3 on the
information storage lavers L0, L1 and L2 unlike this preferred
embbodiment . That is to say, suppose the radizl locatlions of
the respective inner peripheral ends T0a, Tla and T2a of Lhe
test write zones TO0, T1 and T2 agree with each other, so do
those of their outer peripheral ends TO0b, Tlb and T2b, and
therefore, the test write zones TC, T1 and T2 entirely overlap
with each other. In that case, 1f the test write zone T1 of
the information storage layer L1 were destrcyed, then the
transmittance of the laser beam through the test write zeons T1
would decrease so significantiy that the laser beam could not
reach the Test write zone T0O of the information storage layer

L0, which is located more distant for the laser beam than the
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marks after the recording power has been
determined.In a write-once optical disc, on which a
write operation can be performed only once, the..., . ..0005700
recording film of its information storage layer has
irreversible properties.That is why the arrangement of
the test write zones according to this
infoRr1{9t 20097003782 preferred embGdiment carrbe el disc
used particularly effectively in a writeonce optlcal
d=3visEfhoRY otA&TtHingS 0GB NEXE, E wilPh of  the
described in which dlrectlons the

information storage layer while attempting to perform a
Lest write operation on 1t.

(00457 Also, eaven if +the test write zone TL of the
information storage layer L1 were not destroyed but had iis
transmittance varied significantly as a result of a test write
operation that has been performed with too much irradistion
power on the test write zone Tl on the information storage
layar L1, then the intensity of the laser beam reaching the
information storage layer R0 would change depending on whether
a write operation is performed on the test write zone TL or
not.

(00463 Likéwise, if the test write =zone T2 were destroyed
or if the transmitfance of the laser beam through the test
write zone T2 had changed significantly, *then the other test
write zones TO0 and T1 could be affected. For tThat reason,

agccording to the arrangsment of the test write zones shown in

i

3, the test write operation could not be performed

T

properly on the test write zones T0 and T1 of the informaticn



test write zones TO, Ti and T2 are used. As indicated

by the arrows in FIG( 2, the tracks are arranged on

the information storag_e layers .LO and L2 so thg&t@%m%m

laser beam scans the information storage layers LO

and L2 outward (i.e., from some inner radial location

on the disc toward the outer edge thereof). On the
stocqpfofmigtion Stovagélayet Lheonstie bttlePRgrid freid not e

tracks are arranged so that the laser beam scan the
ceteiRtarmaToRCStarage IBYer Lf ikard .85 frsm st 1O+
i1 Ac_gcti_gr radial location on the disc toward the inner edge

* Yhereof.). For example, if the tracks are arranged

[0047%p|ra”¥1’1 tt}g@dlﬂl;?gél}g)@g@&{\lhé%@gp&%% t[_%dt(gea':aerrangement of
arranged spira.lly on the information storage layers

the L—Q@nﬂ}:% I%Q‘%o%@e {91@%Q%£@ewhm59§n£@0k§owr in
are arranged spirally on the information storage layer

ere. L4, That isuhy.in reading-0kwritiag Anformmation arranged at
from/on the information storage layers LO and Li

mutu00RtinUOoUShytas 806N asdhe dast session eba overlap with
read/write operation on the information storage layer

cach | @hisrdene=oh the RETEIR20091003782 otitermgstmation
pc. on of the data area DO, the first session of a

storagndvfité GEEraiieR*eR the infsimatiorrstérage Tager's “ny
L1 can be started from the outermost portion of the

even dfhta A¥ea B with the 18%er Bedth SP6t fikey At 'tHe “c29¢
same radigl location. Likewise, as soon a th& Bs

layer Ll were destroyed,. the iasel i) ﬁot,m E .E“each the
session of a rea&jfwrlte operatlon on the Informatior.

cest SIOrA0€ laverLLis done on the innetmost portion of . vyq.us
the data area D1, the first session of a read/write

«or Qpetation.on.the jnformatign; storage-layerl2canbe orice
started from the innermost portion of the data area

zone D2 With the/laser beamspot fixed at thessame radigkration
location. Thus, information can be read or written

couldvithQutrmaking the: laser beamdspot jump all theiwayone 10
toward the innermost or outermost location on the

of  toptigdicdise 101 Bvengtinievthe rgetlayersragedios pover
be changed into the next information storage layer.

conld\@vertheleds; Trtherfeqiiiféments to°be descripetf™ storase

] later are satisfied, the laser beam spot does not o

LY aays HalVE 180 Th°8udh diféctibhs h'the =7 *2 °F =n¢

inforﬂneasteggtive layers OO?lLIgIeyvyhﬂng}&gg(t Wtrlriatee recording

zones Tf)t,o‘fl and 12 are pre err”ab‘ff/a used In opposite

powe AITECHANS 10,the ones in which the Jaser-Deam. spRk rma«ion

goes on the respective information storage
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layers.Hereinafter, it will be described exactly in
which directions thei e zones are used. [0052]As
described above, the test write zone arranged i 001003752
each of these information storage layers is provided
to determine radiation power of a laser beam for
writing data on the data area of that layer by

stor Bttty d t&%t Write operation on that area. For

ooz example, test de%:ta may be written on the test write
%% 0ne ATUMBET Sf e with 1k iffadiation power - =7

of tkllrelcg?lg'gg ep% 1pg]:>\5{\11_ %a(f? J:H[;r(]jg’ c%lnyd é? et@]éhgets%Stwgla’;[g’ zones
written may be réad to determine’ what irradiate

o, PPWS!Should be adopted.to.obtain the bestread rcacn e

signal indices such as error rate and jitter. [0053]In

cest WHERG test d@d,a' ‘iE],e weadiation-power-may.he:set-hy 1aver
reference to the control area, close to a

Lo, ftecommendedirradiationpowertthat is stpredtirpthesuid be
control area. However, if the actual irrad..Lation

verfpoweriwoult be:stightly differentfromithespovwrer 0, T1, T2
setting due to a variation in the sensitivity of the gven

of egptical dist lothe-taser Besrn &P the'perforrtante poording
the optical head of an optical disc drive that performs

poven {iHte Spetaticn ‘Eﬁ’?‘fﬁ@%ﬁi@él’%‘%&?tﬁ‘éﬁ Sligy Lorormation

storage layer LO, L1, L2.

100497 In a rewritable optical disc that utilizes a phase
change of an information storage layer, even if amorphous and
crystalline recording marks have mutually different
transmittances, the transmititance of the information storage
layer can still be kept unchanged by erasing the recording
marks after the recording power has been determined. In a
write-once optical disc, on which a write operation can Dbe
performed only once, the recording {film of its information
storage layer has irreversible properties. That s why the

arrangement of the test write =zones according To this
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an expected deviation could be taken into
account.For example, the test data may be written
W!th.the irradiation power varied at a step of 5% 00000378
within a power range that covers JP-20% around the
recommended bower. [0054]Also, instead of adopting
the irradiation bower that optimizes the read signal .
prefipgiéeyadeference va. e hay e Seewithvegséet oy = 2
_the error rate or jitter, and the recording power for
"rLE SRRty WS eF data tray e HetfiiEd 16'Bé%a power value
oosdfialis located approximately at the centerofen. ... ...
1005 radiatidh bower tange that s equal'ts’or fower than > =
test mf?:iregegce)&%e %{&'Uﬁ Iar]néh C,g*seehg:yoen Ig-\ghgnaggéla@!zd by the
irradiation power deviated significantly from the
armJ%OWerﬁEtt'Qg qlk{g toré‘c\@r@}bo%f@a%&emp%@t%%%atJon
the light source that emits the laser beam while user
stora@@tai-ksj,ig%ingUWQ-Iat:emﬁhgoUSﬁégaﬁaecQﬂlQﬁtmeﬁﬁ scans the
written with quality as long as the irradiation power
infodalls within a:sange-rwhich:the.variationiis equal toor some
or smaller than a reference value. Furthermore, even
inneif thelopticabdistowere somewhat warped, thee usersr  edge
data could still be written accurately as long as the -
thergpfgdiation BowerTals wthirf @ rarye which thie the other
variation in recording bower is PCT/JP2009/003782 .
hand e Al TG OF SATAIIET TA3HT @ FaferehcE valga:™ Peem scans =he
, OOSSlNevertheIe_ss, accordjng to such a tetchnique
info o"rtlo storage layver L1 nward {i.e., rom ‘zome  outer
radial location on the disc toward the inner edge thereofl}.
For example, if the tracks are arranged spirally, the
direction in which those tracks are arrangsd spirally on the
information storage layvers LO and L2 is opposite to the one in
which the tracks are arranged splrally on the information
storage layer Li. That is why in reading or writing
information from/on the information storage layers L0 and Tl

contimuously, as soon &s the last session of & read/write

operation on the information storage layer L0 is done on the

[
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determining the recording power, the irradiation
power should be varied significantly in the test write
zone. That is why the test write zone on which data
has been written with high power could possibIffmnyl009/0&3782
deteriorate. :0056]On a rewritable optical disc, a test
write operation can be performed on the same area a
cutemgptberofitimes lessthertest Writerortérst session of a
deteriorates as a result of the test operation.That is
read{ijiy theRe 18 6 N E8d Tor pose Ay testrkti on hisw T cen
to use the test write zone.As for a write-once optical o
7% SO WHicH tata Bl He SAitlsh orily ohdgte ares P with
e foWever, the ynrecqrded test wyite Zones thereof are,
prefeerabfy used sequentlall‘i/'from'eiﬁwer end, fhther o
Lixe AN atrandom, hecayse testdataneedstobe . i,
written with the radiation power varied when the
operdeCRrding.powershould be determingd.asdescribed ., wne
above. Also, even in a rewritable optical disc, if the
inneMVEite performance variechas-the writergperationdSsicn or a
repeatedly performed thereon an increasing number
read Oftimespthectest writerzones-thereof areralge tayer 12 can

preferably

be started from the innermost portion of the data area D2 with
the laser beam spot fixed at the same radial lecaticon. Thus,
information can be rzad or wriitten without making the laser
beam spot jump zll the way toward the innermost or outermost
locaticn on the coptical disc 101 every time the target lavyers
need to be changed inte the next information storage laver.
Nevertheless, 1f the regquirements tTo be described later are
sztisfied, the laser beam spct does not always have to go in
such directicons on the respective lavers.

[GG517] Meanwhile, the test write zones T0, Ti and T2 ars
preferably used in opposite directions to the ones in which

the laser bkeam spct goes on the respective information storage



PCT/JP2009/003782 used sequentially from either

end, just like a write-once optical disc. [0057]FIG.

4(a) illustrates an arbitrary one Ln. (wherenis O, 1or

2) of the information storage layers LO, Li and L'2"gF /% 7%

the optical disc 101. As described above, the

information storage layer Ln has a lead-in areain
Layegrhichitereds atest writé zome TrcEach ofthestestin which

write zones TO, Ti and T2 is given addresses and is
SLCRANE Up Ol sEbrares calfed cltisters-, which have a

gredetermined‘number of consecutive -
09 ddred8eSFIESA(AYHRd HE) SeHerdticaRyMustrataes »
a hthe sub- )-areas t1, t2 tt3 t4, grand so on of thg test ded t

“*Wiite Zone Tn. Oﬁ@xéﬁ?plé BE of these’sub-afdss” ©

dete!gfgébghgsgggagianiOﬁ power of a laser beam for writing
data on the data area of that layer by performing a test write
operation on that ares. For example, test data may be written
on the test write zeone a number of times with the irradiation
power increased by 1 mW each time, and then the test data
written may be read to determine what irradiate power should
be adopted to obtain the best read signal indices such as
error rate and jitter.

[Q053] In writing test data, the irradiation powsr may be
set, by reference to the control area, close Lo a recommended
irradiation power that is stored in the control area.
However, 1if the actual irradistion power would be slightly
different from the power setting due to a variation in the
sengitivity of the given optical disc to the laser beam or in
the performance of the optical head of an optical disc drive

that performs a write operation on the optical disc, then such



time a test write operation Is done as described
above. The test write zone TO, Ti, T2 of each of the
three information storage layers LO, Li and L2 .1/ m0001003752
consists of the same number of sub-areas (or
clusters) as the test write zone TO, Ti, T2 of any
other informationo ge layer LO, Li, L2. That Is to say,
an - oS TESt Wifte vorfés 7O i Shd T2 Ravethe samg™:  oF
[0058]As shown in FIG. Z%the laser beam scans the
SXamg g rmAtioft Storkge 185¢r 10 Butward {ie!, fiom $éme™ "
inner. PCTkIPZOOQ/C%Q)@?MS&}(ggigI g)%%gstjorrg Iggl\%/v%rd

power, varied at t nat covers

the outer edagesc')?%hcé disc). That is why the test write
zone T‘Otghereof hascggbﬁggggs tl, t2, t3, t4, t5 and so

E20% arohnd the rE&commen ¥ . . .
on, to which addresses are assigned in the scanning

Lossdirection of the laser-beampas.indicated Ly the,arows trat
in FIG. 4(b). In that case, those sub-areas t1, t2,
optimizes the read signal indices, & reference valus may be
set with respect to the error rate or Jitter, and the
recording power for writing user data may be defined to be a
peower value that is located approximately at tThe center of an
irradiation power range that is equal to or lower than the
reference value. 1In that case, even if the actual irradiation
power deviated significantly from the power setting due to a
variation in the temperaturs of the light source that emits
the lazser beam while user datas is being wrilten, the user data
could still be written with quality as long as the irradiation
powsr falls within & range in which the variation is equal to
or smaller than a reference value. Furthermore, even 1f the
optical disc were somewhat warped, the user data could still
be written accurately as long as the ilrradiation power falls

within a range in which the wvariation in recording power Ls
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t3, t4, t5 and so on are sequentially used inward. That

is to say, the outermost one of the unrecorded

sub-areas t1, t2, t3, t4, t5 and so on is used firgf, fhe ..,

second outermost one nexf, and so forth.In the

example illustrated in FIG. 4(b), the sub-areas are

used in the order of t5, t4, t3, t2 and tl. Nevertheless,
e Eath GFthode StiB-aréas> g test ‘iiite operationill
{Gg,ge..forrped in the laser beam scanning dgrectigrn . .

“Tdicatsd By the &itows TiREWis& the Tiset beam e oF

108180, 5CaNS the information storage layer L2 outward, .
and therefore, Its sub-areas ti, t2, té, t4, t5 and so on

ve v@IgUSedinward inthe order oL 15, (4. 3. 12 and fi, .. ;. oy
[0059]0On the other hand, the laser beam scans the

the tRfQrMation storage layer Lidoward (h&.r frAM 8OME: cn nign
outer radial location toward the inner edge of the
powe 1i8€)1d hatisuwvhythedesktwaite zone Ti thereof
hassub-areas ti, t2, t3,
100567 On & rewritable optical disc, a test write operation
can be performed on the same area a number of times unless the
test write zone detericrates as a result of the test write
operation. That is why there 1is no need to pose any
restriction on how to use the test write zone. As for a
write-cnce optical disc on which data can be writien only
once, however, the unracorded fest write zones thereof are
preferably used sequentially from either end, rather than szt
random, becasuse test data needs to be written with the
irradiation power wvaried when the recording power should be
determined as described above. Also, even in a rewritable
optical disc, i1f the write performance varied as the write

operation is repeatedly performed thereon an increasing number

of times, the test write =zones thereof are also preferably
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PCT/3P2009/003782 t4, t5 and so on, to which
addresses are assigned in the scanning direction of..
the laser beam as indicated by the arrows in FIG,.....o005752
4(c). In that case, those sub-areas ti, t2, t3, t4, t5 and
so on are sequentially used outward. That is to say,
the innermost one of the unrecorded sub-areas tl, t2,
used P Ehd so 6iTis USBEF firsts thé"§econgs @ write-once
_innermost one next, and so forth. In the example
“Pifidstted in FIG. 4(c), the sub-areas are used in the
{OOS"P]rder 9%(13:5’ k}s’x}tg?‘ ¥%uasrL]9ayes[oagpglﬂlaqualéymgpen% tpw ere I
sub-areas of each test write zone are used in the
1 00PPQSite, direction;torthe laser heam scanbindro, 11 ana 12
direction (i.e., the direction in which the light beam
of +SPeLEAES).sthuseven:if any sub-area.of thetestsormation
write zone were destroyed with too intense irradiation
storf@Wenduring atest wele-opesationriQ makenit-difficedt is =
for the light beam spot to follow the track there, the
test argayvhere thve testurite operation shoutd becfomhed: anc
could still he reached - out passing the destroyed
T2 isub-area betaasesthentestiwrite'zone istuseinthie calied
opposite direction to the light beam spot traveling. For
“eluggampleéven’ i the’sabeare a5 o tha et write ZoRe" e
_TO of th__e_z information sdtoqra e !‘axer’l:o h_%s bgl%nq .
2 SETIP20097003 782 Ykt dyed With intefise irradiation” = °
aus-PQWer during the last test write operation, the... e sone
addresses of the remaining unrecorded test write
. ZQHES a&%lé? %g téicatril;egvgl Q@@dggggegay be used every
sequentially, and the outermost unused sub-area t4
time GAN DA datacteg,during the rext test ydte opearation,.  rhe
[0061)Also, as can be seen from FIG. 2, when the
test t@st writezomes afitherrespectivie informationestoragensation
layers are used, any pair of adjacent test write zones
storgre bseddrom their fattiestentds in muttally cppositersr of
directions. For example, the test write zone TO of the
sub-JAtoFmetiof'storage layef F,0-startéto be tisedtrofta ™ ©F
sub-area on its outer peripheral end TOb, while the
a7 ¢ERETvrite YORE'TT of thetfitforiiation’ stdtagdtayer 1= ** =°
starts tth.% utseq from a suTq-qr%a %nlﬂits in&er e sive
°2¥r S&fipheral’ end Tia, That is why When the test wite
oosAPeration has been performed gl arelatively small, ...
numbed of times, the recording power can be

infodetermined with the ipfluenge. of the other 1ayers sone innex
further educed.
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[0062]As described above, an optical disc according
to this preferred embodiment has three or more
information storage layers each of whdch has ap;(:rergtmm}03732
write zone. That is PCT/P2009/003782 why even i
those information storage layers that are stacked one
upon the other are irradiated with a laser beam at
radifquigafydifférent infénsiies oratrrespettivelysc - That is
different thermal environments, a test write operation
"y b Stifth&Periaithed dntthé rgetintoraiation - 2, &3
storage layer, ontwhi(;hh ahwri;[ie operationis goingto =
b2 parformed’ usig s Estiwiie 28he indar tha =* 1 the
operating &qggogmetq]teoffhat Iaxee[. Conse entlé/d n

scaniing icat

the best recording power can be determined for each

=00 thosg information;starage layers, [0063]ln addition, | .,
those information storage layers are arranged at

3, faytually diferent.radialjocations,se.as noftaoverlap ;s «o
with each other in the stacking direction. For that

say, reason;dhetestwrite aperationcande petfarmaed just, 3,
as intended on each information storage layer either

t4, wfithoutbeing affected by therivg Status o thectestre next,

write zone of
and so forth. In the example illustrated Iin FIG. 4{b), the

4,

Yy the

sub-areas are used in the order of t5, t4, t3, tZ and ti.

Nevertheless, in each of those sub-areas, a test write

operation is still performed in the laser bsam scanning

direction indicated by the arrows. Likewise, the laser beam

also scans the information storage laver L2 outward, and

therefore, its sub-aresas tl, €2, 3, t4, €5 and so on are used

inward in the order of T8, t4, t3, tZ znd tl.

[0059] Cn the cother hand, the laser beam scans the

information steorage layer Bl inward {i.e., from some outer

radial location toward the inner edge of the discy. That is

why the test write zone T1 thereof has sub-areas €1, t2, &3,

38



any other information storage layer or at least with
such influence minimized- As a result, the recording
power can be determined properly for each .. 00
information storage layer. [0064]What is more, in a
situation where the test write zone of each inforrtion
storage layer is used in the opposite

B4, PTTAN20097003 782 i Ectivif t6 e Iaser Béaifrfitat™> e
is scanning the information storage layer now, even if

SCARRY palt BF e tédt wite 2818 warE dgstroyadwith © e

intens%j radiation power, Ehe rest of the te t_w}tite“z%1 5
acrou O Sl he (ed apprpiaths NS ot e = =

£3, £§90{9iQQ&O%V%%CQ%aL%%&%Q@E%%‘TEQQQ REORSIY Ok o
0

each information storage layer without being affected

Lo SQMain?)é%E@r@@r-am@aweiﬂ@é@m@dm%eareas £, 2,
preferred arrangement of the test write zones TO, Ti

£3, andE2 will be describedreferencete ElGerd innermost one
next, and so forth. In the example illustrated in FIG. 4{c),
the sub-areas ars usad in the order of th, t4, t3, tZ and 1.

{0060] In this manner, the sub-areas of each test write
zone are used in the opposite direction to the laser beam
scanning direction (i.e., the direction 1n which the light
beam spot goes). Thus, even if any sub-area of the test write
zone were destroyed with too intense irradiation power during
a test write coperaticn tc make i1t difficult for the light beam
spot to follew the track there, the area where the test write
operation should be performed could still be reached without
passing the destroyed sub-area because the test wrlte zone is
used 1n the opposite direction tc the light beam spot
traveling. For exampie, even 1if the sub-area €5 of the test

write zcone TO of the information storage layer L0 has been

La)
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[0066]Generally speaking, when the information

storage layer LO needs to be irradiated with a laser

beam, the laser beam should pass through the, . ps000003752

information storage layers LI and L2. And to irradiate

the information storage layer LI with a laser beam, the

laser beam should also pass through the information
destrgishgd Tyt B2 T hat i Wity the TS riEtieh Storags® ===t

layer L2 needs to have the h%?est transmlttance with

rit perar zdd ses 1“u recorded
It S UEERT 6™ 1ad8r BEA: Ed the transmiftances o

et thelgghe_r |nfor atlo st%agae CIia)@rs Li ang Ep WI" et ected
ecrease in ord 067]To design information

se ”e%tqrcﬁg.g 'a¥§5s eltlfémgntg[f"nlcgs%n 9&!‘:&%' @%WMQJ two can be

information storage layers has already been
setdeveloped, it is preferred:that those. twa information

storage layers available be used as the information
roos18torage dayess LQrand Liand that only.are infermation test

storage layer with high transmittance be newly
writedevelopet] as<the:mvforniation Storagedaverdz@s lavers are

[0068]However, the information storage layer L2
used, gHeE|drair of adjacent test write zones are used from
their farthest ends in mutually opposite directions. For
example, the test write zone TO of the information storage
iayer LO starts to be used from & sub-area on 1iis outer
peripheral end WO0b, while the test write zone T1 of the
information storage laver Ll starts to be used from a sub-araa
on its inner peripheral end Tla. That 1is why when the test
write operation has been performed still a relativeiy small
number of times, the recording power can be determined with
the influence of the other layers further reduced.
[0062] s described above, an optical disc according to

this preferred embodiment has three or more information

storage layers, each of which has a test wrife zone. That Iis
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have high transmittance, and therefore, can be
designed much less flexibly. As a result, the write
performance of the information storage layer L2xrp-000/003752
would deteriorate more easily due to a slight variation
in a writing condition such as the recording power
compared to the information storage layers LO and
why IETHE SAfTe staterent As6 appiies 14te iRformatich=< ="
storage Iayers Li and LO. That is to  say, in general
e e highier the trantrhittaiiés 6f & giveh information
rmltut__'gttorage er. the less flexibly that layer can be

beam at

intensi 1vely different

§|gne ana the more easrly its write performance
-ne¥ill deteriorate, due fo even a slightvariation in.a sci11 e

condition such as the recording power. [0069]For
per:c@%@éngjn rLl’fethge i%ﬁQrm@E&QRa%t{H@gﬁcl@y&r |L2yl§.f, on which a
irradiated with a laser beam, part of the laser beam is
writdrapsmitied through;the informatiorstorage layerk2: write
and then reflected back from the information storage
zone layerdr]l toward dherinformation storage layer Lt22:4n  laver.
that case, if the test write zone Ti of the information
Consstorage layer Liswerecdestiogesordeterioratét) cfensd For
reflectance of the test write zone Ti would vary
cach Sigriificaintt) TRetefores the* teri$Of the laser beam
would vary due to t. he I| ht reflected back from the

:r niormaltl

[0083hst wifte F616 T toward the information storage ayer -

mme@agg stray light..Tha tr'e%lrvhsgrf the test,write zones | o

Tiand T2 were arranged close to each other, then
OVEB:J!:!;I_{? ¥§{@t£%@h'no%%ﬂnl%n§ﬁ¥ %Q&@'%“»Q&D@@J&n For that
reflected back from the test write zone Ti toward the
reasdAformationsstorage. laver- k2 woug-be sup-posee:asiust  as
noise on the laser beam reflected from the test write
interz@Ae dd. Asa resuliyatest weiteroperationr coulderot without
be performed appropriately on the test write zone T2
pein@pdithe sedording powerccoutd rotbe deterhingd s zone of
properly for the information storage layer L2. [0070]In
any  gigwrof tHiseohsitefafisif dn tAecopficaldisceas: with such
PCT/1P2009/003782

infiuence minimized. As a result, the recording power can be
determined properly for each informatcion storage layer.
[0064] What is more, in a situation where the test wrile

zone of each information storage layer is used in the cpposite



101 of this preferred embodiment the radial gap
between the test write zones of two
adjacent.nformation storage layers that are located, .52
closer to the laser beam incident surface is preferably
wider than the gap between those of two adjacent
information storage layers that are located more
direqistantfréft tHédaserBeamincideftdrfate. e ntormation
Specifically, the radial gap between the test write
SLOTaLSNE8YPS ARY TSP two adjdcérit informafioni “Slorage® *°™°
I%%ers L2 and Li ,%i‘.e., the interval between T2a and
were s) ar, 12

troved with ihtense 1rradlighion [pow vest of the
Hhaf ars focated closér 1o the sufface on which

1o the laser beam 20Q.is incident is preferably wider o o, of
than the gap between the test write zones Ti and TO

=nax Oftwo. adiagent ipformation.storage Jayers bianddeQ 1y for
the interval between TOa and Tlb) that are located

«ach MeFe-distant rom:the laser beamincident surface:d by any
[0071]Specifically, if the information storage layers

otiet Qgykerand L2 are counted from the one that is
located most distant from the surface on which the

[00s¥aser Bearir200:is incident, thesfadial|ogatigement of the
difference (T2a-T1b) between the outer peripheral o

test g Tio GPHSE iMifer dfte T7Of fife t&stwrite Z6WEE TFY 5"
and T2 of the second and third most distant

#5874 19)26G097003782 information storage layers LI

{00 6and L% %anEQ% Insneerc:z}?ergph%%a@‘»lﬁen%e-rzlangf the Other

orjnaclon  storage

outer test writ€ zohe 12 is preferably bigger than the
peripheral end Tlb of the inner one Ti of the test write
beam Z@ﬂgﬁng@ngbI&,@ﬂh@)@m@ﬂaﬂawﬁﬁ@n@mstl and
distant information storage layers LO and Li and the
2. inperfeetiphetakend.d Qarottheiatherouter tegtwrtewich &
zone TO. f00721According to such an arrangement
lase0f testwriteszolesa wider gapuisileftibetween a pairgh the
of information storage layers that would be affected
;rfom@?@glgﬁia@aﬁ?wlﬁyex 2. That is why the information

storage layer L2 needs to have the highest transmittance with
respect to a laser beam, and the transmittances of the other
information storage layers L1 and LO will decrease in this

order.

S
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light reflecte from an adjacent .information storage
layer, thus reducing the influence of the light reflected
from an adjacent information storage layer. AS 2. ...s003752
result, a test write operation can be performed
appropriately on the test write zone of each
information storage layer and the recording power
[00578an bécdeterHitheth profierly fof tHe? iifotfiAtion s T ietent iy
~_ storage layer. In addition, a narrower gap is left
it apetipiesita DA of ihforfation SiBFagE layers that >V "
would be agfectled less significantly by the light . . ..,
a1readinoRE8Y ot ant adjacent information storage layer.
inf oz:;rnh Tg_rg},ﬁthe sgcnaz%gtzzeetwl'%%rgrtsh e g\%IHﬁ%OO%éOO%Zgg as the
information storage layers will not be unnecessarily
:LnfOnglQ§Ogn%E}a?dt%adllgkfggga%gan}m liﬁedamr%hat cnly an
effectively. On top of that, as there is no need to
inro@xpand thelead-in areay a sufficiently-wide: data-area newly
can be secured as well. [0073]Optionally, in a
develsSitdation awhere the=gam: between thestestwrite
zonesof each pair of adjacent information storage
rocedayersiisrdefined 'as deSeribedcaboverthe testawrite should
zones TO and Ti of the information storage layers LO _
nave FREILITTRYHE Girdhged atfiié<ante 16EativhS'ss tHe® ~wor
counterparts of the two information storage flyers ofa.
less chiffitional Gtiaf-laysr opticaldie. n that case, ~ ¢
even a conventional opjical disc drive can.also

i Tare mors easily due

information stor 9;:
fperfbrm atest write operation on the test write zones

o a10-20d T1.0f the optical disc 101.of this.preferigd, as cac
embodiment only by making a relatively simple

recorq:lﬁggg%\% t@%@ﬁé@ﬂgetiQOVAlﬁﬂﬁhlam storage layvers L0
arrangement of test write zones can be used

ane effectively-ima write-ance epticalgisconcwhich usesrmation
data can be written only once. However, even if such

stor@fA arfangementrof test wiite zorres is adopted forerat, the
rewritajole optical disc with at least three information

high@:to‘:r‘ggéz[ay@?js‘%tance of a given information storage layer,
the less flexibly that layer can be designed and the more
easily its write performance will deteriorate dus to even a

slight wvariation in a writing condition such as the recording

power.
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?CT/1132009/003782 on which data can be written
optically, the recording power can also be determined
properly for each information storage layer Wit@%%mmom
being affected by any adjacent information storage
layer. (0075]Specifically, as for a rewritaoie optical
disc, the test write zones TO, Ti and T2 of the
(00ESinformeticristorage fayees 1oO IR Birtdl 52 Thehf bgver 12 s
arranged as shown in FIGS. 5(a) and 5(b). [0076]The
LrradifAgettient of th&test Wiitorf&s TG, Ti-dhd F24h the™ =
oo optical disc 102 shown in FIG. 5(a) is the same as the
T GRE Shown TEIG 2. ASTEF A Yewritabie optical dise:
refl erc]:(t)\el-\ée%ea'a‘:’ﬁth:e r};%Stt,\Ag It?r%g%a%l 09’ SEO?"‘QQGTga%%y ﬁe toward
used in any direction. This is because in a rewritahie
tne QRticAl disc, the transmjttange ofthe test wiite zone;. cq.
TO can be unchanged Iif the recording marks left by
writPEFOEMIRY atestwyite.operation are arasedi Also, 10 were
a rewritable optical disc, any a b sub-areas of the test
dest\wyie zanest¥Qpddaad TRcanhecaccessad ate test write
random. [0077]Alternatively, in a rewritable optical

zone digcwtlyed vary significantly. Thersfore, the intensity
of the laser besam would wvary due to the light reflected back
from the test write =zone Tl toward the information storage
layer L2 and stray light. That is why if the test write zones
T and T2 were arranged close to each other, then the
variation in the intensity of the laser beam reflected back
from the test write zone T1 toward the information storage
laver L2 would be superposed as noise on the laser beam
reflected from the test write zone TL. Es a resull, a test
write operation could not be performed appropriately on the
test write =zone T2 and the recording power could not be
determined properly for the information storage laver LZ2.

(00701 In view of this consideration, in the optical disc
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test write zones TO, Ti and T2 may also be arranged
as in the optical disc 102' shown in FIG. 5(b).In that
case, the test write zone T2 of the information
. . PCT/AP2009/003782
storage layer L2 is arranged closest to the inner edge
of the disc, while the test write zone Ti of the
information storage layer L1 is arranged closest to
101 tHe Buteretge therevfodindrthe test writelzone PO ofen the
the information storage layer LO is arranged closer to
test g Ghateratige thaf thestestwrite 2o T2 of tHgaes  tavers
information storage layer L2 is, but closer to the inner

what eifge i the teStiwite Zne TFortHEinforidtion = >== '

storar%e I_%yer L1 is. [0078 Specificall)é, if the _ ,
preferanly wider than e ¢ petween Those of two adiacent
Information storage ayé? are counted from the one

1*1}’0}99*5@&'05%%9%9 empasteg!ﬂ?t%pe}tfrg;[g tboe c§*y er anqgrgnd\:{\lsqigrt]c from

the laser beam 200 is incident, the radial location.

tne difference (Glazl2b)bhetween the outer.peripbgral ;a1 gap

end T2b of the inner one T2 of the test write zones Ti
petwaid Ti20fcthe seeond and-thirdkmest digtant  two adjacent
information storage layers Li and L2 and the inner
infoiperipheral end<T|a ofthe othesguter test write zeneidierval
is preferably bigger than the radial location difference
betw(tfa-TObY befieerithe oterperipherabend T Oy ofthiece on
inner one TO of the test write zones TO and Ti of the
"hicingét distant"sAt $8Corid tiostdistahtprefesaby wider than
PCT/IP2009/003782

the gap between the test write zones T1 and T0 of two adjacent
information storage layers L1 and O (i.s., *the interval
petween T0a and Tib) that are located more distant from the
laser beam incident surface.

{00711 Specifically, if the information storage layers LG,
L1l and L2 are counted from the one that is located most
distant from the surface on which the laser beam 200 is
incident, the radiael Llocaticon difference (T2a-Tlb) hefween
the cuter peripheral end Tlk of the inner one 71 of the test

write zones Pl and T2 of the second and third mest distant
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information storage layers LO and Li and the inner
peripheral end Tla of the outer test write zone Ti
thereof. [0079]In the preferred embodiment described
above, the three test write zones TO, Ti and T2 are e
arranged at mutually different radial locations so as
not to overlap with each other. However, if the light
inforeflected frorytheisforrhation stérage fayei ticaffectspheral
a little the information storage layer L2 and if the light
end fiZndmittedl GO e iRTorfEtion ‘Storage |dyer L2 sterably
_affects a little the information storage layer Li, then
P199%he Yidial i Befiwettr e test wite"doned o and °=="=="
T2 of the information storage layers LO and L2 inthe
R g A N

wriedNA0,IN the arrangement of the test write zones SHOWR 1o.t
in FIG. 2. [0000]Snecifically, FIG. 6 illustrates an
a_st.@{{aﬂgﬁm@%&ﬁ t%%gﬂ@&e ZQ}&% |@n(ﬁ §wa£@rb%%r@3 inner
there is the narrowest (i.e., zero) radial gap between
perifhertestndit®zoresntQand Ta:Jhusstherinaesandro.
outer peripheral ends T2a and T2b of the test write
1007Zone T2-areiper-ed lyadigned with=thednner ahdmouterweite
peripheral ends TOa and TODb of the test write zone
zonesF Q2 anddtite tEst White zbhes T2 and T G=entirdlyinfommation
overlap with PCIAP2009/003782 each other.
SLOryqpwWEVEr Stiid test fitite 20n@ T2 Mty Afso overapea=ty =¥
%riwl% Eartia‘lﬂly with the test write zone TO.

the reflzcted from an adjacent information storage
layey, thus reducing the influence of the light reflected from
an adjacent information storage layer. Az a result, a test
write operation can be performed appropriately on the test
write zone of each informatvicn sterags layer and the recording
power can be determined properiy for the information storage
laver. In addition, a narrower gap 1s left between a pair of
information storage layers that would be affected less

significantly by the light reflected from an adjacent

informaticon storage layer. Then, the gap between the
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[0081]That is to say, the test write zone of the
information storage layer that is located closer to the
surface on which the laser beam 200 is incidenfgcr{}jg -
be arranged in the vici.n.ity of that of the information”™
storage layer that is located more distant from the
laser beam incident surface. Specifically, if the three

infoinfoimation stordgedayers L 0ot and b2 araeduntede and
from the one that is located most distant irom the

the sepfade gRwhichitheslaserbearh. 2007 intident the tor ©f
radial location difference between the inner peripheral

“hatantf T BFthéinfer 6HE THdf & 1est Wiite'z6hes T °

__and Ti of the most distant and second most distant
T RtGrmAtion storage layers LO and Li and the outer
oo fjeNiPheral end, TOb, of the. other, oyler 16SLWILE 2oNG.. <he
O is preferably bigger than the radial location

test q!ﬁﬁ!’ue %%Qewemﬁhgalm%ﬁc Qﬁﬂ@t‘@f@l L%QQLIQQGQ" storage
the inner one TO of the test write zones TO and T2 of

1avedbe Mast distant anddhirddanost.distant infermation zones o
storage layers LO and L2 and the outer peripheral

and endeT2bnef theother outer testavritezoned Zind L1 may be
[0082]FIG. 7 is a schematic representation illustrating

arrarfygw ardeterioratetbaresron thie ihformatiorrstoragé the two
layer L2 would affect the other information storage

nfopseP L OaRAXE. StipposeCublaréasiitititded indtie 1aver

_test write zone T2 of the information storage layer L2 |

PHRAvE Been Hestrdyed Hie 6 Thtendd iitadiation powsr =°°

to form deteriorated areas 130 and 131, Qlftggug_lr_l the

drive can, al WL

deteriorated areas 130 and 131 have the same size.

writdN€Jatlo qkhe deterjorated area 131 1o the.spatof the p;s
laser beam 200’ left on the information storage layer

prefde2Eiore heing focused andhe;i.- formation starage: crange
layer LO is smaller than that of the deteriorated area

on rHE3B:t@dhe:spot of the laser beam 200 left on the
information storage layer L2 before being focused on

toc74he information storagetayef Ltk sEhat isawvkyrifsthien be used
sub-areas included in the test write zone T2 have

=ffeyéen-destroyed, thednforvrdticon stbragetaydr £O Wik dat2
be affected to a lesser degree than the information

car - Gprafye fafer 17 For that reasoiv the radidfgap = o<t =°
between the test write zones TO and T2 of the .

TS Hation Storale Tayers TO and 1% ¢an he ag ™"+

opr1 MO a8 In the arrangement of the testwrite zones, |

shown'in FIG. 6. As a result, with the influence o
PC111F2009/00.3781 another information storage
layer on the test write zone minimized, a test write
operation can be performed appropriately on each
test write zone and the recording power can be
determined properly for each information storage

lavimnr lim AadA+IArn +lhhA lAaaAdA v ArAacds Ae A rsdAliriAaaA

tast



[0083]In the preferred embodiment shownFIG. 2, the
radial gap between the test write zones Ti and T2 of
two adjacent information storage layers L1 and L2 (
e., the interval between T2a and Tib) that are |GCHEY**"*
closer to the surface on which the laser beam 200 is
incident is defined to be wider than the radial gap
on wibetweendhe:testewritetzones T0=-angd Ttof tweording power
adjacent information storage layers LO and Li (i.e.,
can  thecinterval betiveenrT@arandtPib)tvat arédoeated storage
more distant from the laser beam Incident surface.
LayerHaivevet; if'thigte is & frafower gafy inthie thickngsg mation
direction between the s insor iostorage layers LO and
SLOrYIRAR hetween the information storage layers Li and
oir2 (B e, if the spacer Iayer 111 [ Iess thick than the !
"dpaceriayer i1 Is')Z?as shown in FIE. 1} therfthe. © °°r ™°

test IQt_lgtegcgox\é%ulgope':H]O;igdgg'gIflggn&get%%ggnatiou storage

(e

layers T.0, Ll and L2 may be arranged as shown in FIGS. 5{a}
and 5{b}.

[0076] The arrangement of the test write zones TO, TLI and
T2 in the optical disc 102 shown in PIG. 5(a) is the same as
the one shown in FIG. 2. Ag for a rewritable coptical disc,
however, the test write zones T8, Tl and T2 may be used in any
direction. This is because in a rewritable optical disc, the
transmittance of the test write zone T0 can be unchanged if
the recording marks left by vperforming a test write operation
are srased. Also, in & rewritable optical disc, any arbitrary
sub-areas of the test write zones T0, T1 arnd T2 can be
accesged at random.

(60777 Alternatively, in a vrewritable optical disc, the

test write zones TO, Tl and T2 may also ke arranged as in the
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PC'F/JP20091003782 the information storage layers
LO and Li than between the information storage
layers Li and L2. In that case, the radial gap between
the test write zones Ti and T2 of the information
. _storage Ia%/,ers Li and L2 that are located closer to the
PR indident Shrfatd fay be harr6War thaifthe' tadiéargap e “°5¢
. between the test write zones TO and Ti of the
YR TfoTAtGh stGrag8 TaYETS PO A tithaf A BRatéd 2= Fneed
more distant from the incident surface as inthe
crosesio Sfical Hise To4SHEWH inFIGTE [008 1[PArfichfafy ff1te Zone
the radial. gap (or interval) between the test write .
T oot tﬂ?négf‘?f%%d@f]zS&Pﬁﬁ%eaﬁéfﬁérﬁjinTBrﬁFéﬁBﬁegtﬁﬁé?dés’; to the
layers Li and L2 that are located closer to the laser
SUTEr 5EE iheident surfatEis retducEdto Whindit to°ffak&® °f e
, the lead-in areas as small as possible, then the
informa il = G bethfeen file testirite Fohe3 PEY arid Trofurer =dee
7 two adjacent information storage layers LO and Li
=har thfiat e fGcated orédistant from tHe1aset séarqoe taver L2
. incident surface is preferably greater than the radial
e PU A (ifterval) betiésn the fest Wite' zones Tidng Tome T2 of
~ of two adjacent information storage layers Li and L2
the IniEPatElotHtEW Eloser to'the Jaser beam incident
surface as in this preferred PCIM32009/003782
L0078 embfifént Fhén, the ré€ording powwer carPbeee Llavers are
determined properly with the influence of the light
countedefietted frontthe fdrmitiotr stordgertayerdiptant from the

reduced_
surface on which the laser beam 200 is incident, the radial

location difference (Tla-T2b) between the outer peripheral end
T2k of the inner one T2 of the test write zones Ti and T2 of
the second and third most distant information storage layers L1
and L2 and the inner peripheral end Tla of the other cuter test
write zone Tl is preferably bigger than the radial location
difference (Tla-T0k] between the outer peripheral =nd T0b of
the inner cne T0 of the test write zones T0 and Ti of the most

distant and second most distant
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[0085]In the preferred embodiment described above,

the optical disc 101 is supposed to have three

information storage layers. However, the present

invention is also applicable to an optical disc withrferawmscosrsz

or more information storage layers. In that case,

among those four or more information storage layers
infob@ithipl 2; @teye the information storage: layerthatis, e, .,

located most distant from the laser beam incident
end Bufacetsspreferabhsthedayer k), the infarmaation

storage layer adjacent to the layer LO is layer Li, and
[0078p forthr (EMBODMMENT 2)40086jHereinaftespasbove, the

second preferred embodiment of an information
thregtdrage retligRr s Elrdifly totHE presentimventionnatually
diff?e dtescrlbed with reference to the accompanying
S HrawingS The iRfor Hiot! sttrage metigRt ofthigith each

othe pref%rred embodlment Is also either a write-once type
or a rewritable type. Thé opticat tise of tHE é’éﬁoﬁlfomamﬁ

storddefered embadiment furthegdncludes an additional
information storage layer L3, i.e., has four InToFMAtioH "9

1aye:Storages layers overall, ummmeegptﬁ%l is¢.101af . ion
the first preferred embodiment described above. That

stordgetoisayy inthesstaseture of tbe optigal discA0Lion storage
shown in FIG. 1, the information storage layer L3 is

layerg@tledipetweenrthiednformation:-storagedayer L2 andres o
the cover layer 113 and another spacer layer is

2nd TRséftethbetwéermihecinformation storagetayers L8 in the
and L2.

optical disc 103 shewn in FIG. 6 may be narrowsr than in the

arrangement of the test write zones shown in FTG. 2.

[00gay Specifically, FIG. 6 illustrates an arrangsment of
test write zones in a situation where there iz the narrowest
fi.e., zero) radial gap between the test write zones TO and

T2. Thus, the inner and cuter peripheral ends T2a and T2b of

the test write zone T2 are perfectly aligned with the inner

and outer peripheral ends T0a and TOb of the test write zaone

TC, and the test write zones T2 and TO entirely overlap with



[0087]FIG. 9 is a schematic cross-sectional view of
an optical disc 105 as a second preferred
embodiment of the present invention. No spacer
layers are shown as in FIG. 2. As shown in FIGE-ggeee/es7s2
lead-in area R3 is arranged in an inner portion of the
information storage layer L3 that has been added to
eachtherstructuse-ot therapticaldisc 1L0tapdithers isadesterizp
write zone T3 in the lead-in area R3. [0088]As shown
onlyipfElG: Qytest write zenesTi®s Fhrk2ydl.3 are located
in the lead-in areas RO, R1, R2 and R3 of the
{008 iAformEtién storaige layers L®, Ligk2 amd i, zone of the
~_ respectively. These test write zones TO, Ti, T2 and
InfOFSHR afdriged atintitudly différent Fadial 16t2iidns-c  the
S0 as not to overlap with each other at all in the
S Hirection th Whidh the §&Sihfdimati6R stdfage fagers ™=y ©e
L QU Lg.and,L3 are stacked one %E’e"”itfég e storage

arranged i : Vicinity of LY
(|.e., as VIeWG(III in the &rection in which the Taser

layepe@'iggtzoj_os Co_r(n,ed%(ioqgg(lMgigtgppu?g%ltly’tlﬂath_ed&er beamn
optical disc 105, the inner PP _ .era end Tla of the

incidest wiite zone Tispf.the;second innermostinformation.. . -
storage layer Li is located closer to the outer edge of
stordle disethan thewouterperipheral-ead T3k ofthetestnat is
write zone T3 of the innermost information storage
locallgyerckB, Gnthatgdpsfor-an mteival) is leftbetweenzser bean
them so that the test write zones do not overlap with
200 Eachotffes Thiscgapihas adistarice’thatisdefinedrpy: the
____the difference between the respective radial locations
RSt TARET periphdral éid T1a ardthestitert ©F the test
writepezggcgsergé) eginggﬂb'of the most distani and second most
distant information storage layers L0 and L1 znd the outer
peripheral end TOb of the other outer test write zone T0 is
preferably pigger than the radial location difference bhetween
the inher peripheral end Ta of the inner one T0 of the test
write zones T0 and T2 of the mest distant and third most

distant information storage layers LO and L2 and the outer

peripheral end T2b of the other outer test write zone T2.
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[0090]Likewise, the inner peripheral end TOa of the
test write zone TO of the third innermost information
storage layer LO is located closer to the outer edge of
the disc than the outer peripheral end Tlb of the test
write .zane Ti of the sgggggﬁc&r&neﬂrggg@st Information.,. . .. no
storage layer Li, and a gap that is deﬁnédaﬁy the™ -
d(jffgrence petween the ret%pective radial
h SYRE) ENEAY 3 int “orage 1 2
o P&T()\IJPOZJ:(C)iO5@800115;2“73820110(:atleonsn of the ﬁonnersﬁéjﬁ% eral '+ .
would ggge-cl;pa‘a: a@ndoy’ll\%*"o%t‘e‘ #Iengggc?r\ralsggd Tl 13 l%ﬂ LO and Ll.
between them. [0091]

(0082

50, the inner périphetal end

Supposgzgugiéggatsesir%gge ggnlen-r%h%f tpeesgu\E%ErPCQSt ong T2 of the
information storage layer L2 'Is located closer 10 the

( outer edge f the disc th% the outer%ﬁleripheral end

informgf rage 1 r s ful r 3

Ok of fhe test wiité Zone TO of the third inhermost ©°° =°

int@nse!‘enfoylpa Ugg'%tnora \«?el‘gly% Lf%in?ngei? g?'gztahtaetdls.areas 130 and
define be the difference between the respective

131 trggégl Iochatlons ggghe,lnner peripheral end T2a an

d
& outer péﬁ%hera%hﬁriﬁg is 1éft between [o0g2)1f# 7 ¢

the four mformatlop ._s;loeraggge Layers LO, Li, L2

same size, the ratlc of it :terlcrated area 131 to the spot
of the laser beam 200’ left on the information storage laver
L2 before being focused on the information storage layer LO is
smaller than that of the deteriorated area 130 to the spot of
the iaser beam 200 left on the information storage layer L2
before being focused on the information storage layer LI.
That i1s why if the sub-areas included in the test write zone
T2 have been destroyed, the information storage laver LO will
be affected to a lesser degree than the information storage
layer LI. For that reason, the radial gap between the test
write zones TO and T2 of the informaticn storage layers L0 and
L2 can be as narrow as in the arrangement of the test write

zones shown in FIG. 6. As a result, with the influence of
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and L3 are counted from the one that is located most
distant from the surface on which the laser beam 200
is incident, the test write zone T2 of the third most i
distant information storage laver L2 is located igear™ e
to the outer edge of the disc than the test write zone
TO of the most distant information storage layer LO
anotigr Andfthetestwrite zorne TOof e information write zone
storage laver LO is located closer to that outer edge
rinigfzEif the testiWiite ZoH€Ti oftHé 'seéBondihosbelistamttormed
information storage layer Ll is. [0093]Also, the test
FPPTYUAE FORe™T ZOFthee i atict Stofage TayeF 12 9sn9 Pover
.. located c_losgr to the outer edgg of the dls,c tha}:n thee Laver
2" Restwrite 26ne of the infofmation Storage [Ayer Liis, ¥
And the test write, zone Ti of the information storage .
layer Li is located closer to that outer edge than the
sussiestwirite zone I3 qf the fouith most distant
information storage layer L3 is. [0094]Furthermore,
roosihe testwrite zone-T2-of thedhird-mostdistant rrc. 2, the
information storage laver L2 is located closer to the
radigutesedge-ekthe-thscthan the testwrite moned Gofof  two
the information storage layer LO is. And the test write
adiazone TOcofthecinforrmation storage layerrBOL3  (i.e., the
located close that outer edge than the test write zone
interrglofitiftithation 8t6rage’layer L3 . [0095TAS ifstie =°
first preferred embodiment described

surface on which the laser beam 200 is incident is defined to

In a

the

o

be wider than the radial gap between the test write zones TO

and T1 of two adjacent Information storage layers LO and L1

{(i.2., the interval between T0z and Tib} that are located more

distant from the laser beam incident surface. HJowever, 1f

there is a narrower gap in the thickness direction between the

information storage layers L0 and L1 than Dbetween the

information storage layers Ll and L2 {i.e., 1f <the spacsr

laver 111 is less thick than the spacer layer 112 as shown in

FIG. 1), then the influence would be more significant between
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above, according to the arrangement of the test write
zones of this preferred embodiment shown in FIG. 9,
the test write zones TO, Tl, T2 and T3 are arran(gred
at mutually different radial locations, and do ot eenTER
overlap with each other at all in the direction in which
the information storage layers are stacked one upon
the théwgthelFhattiswdry evendf the test WwhitezonecTiofen  the
the information sto ge layer Li were destroyed, the
infopzgrbeamcaald St eath the test-writé'zohe TO6f e
the information storage layer LO without (or at least
radi|nfigSt WiHEE) behgaffected By ttfestwits' z8he°*
- Ti destroyed. Copseggeg}ly,"% test yy}ri%e operation . .
oS e BT fmed jUst &5 mtended 6 the test wiite ~ =
to c£ONGJQ.0f the Information. storage JayerLoapd he., .,
recording power could still be determined properly for
betwetge Imgrmlo%ggéaggn@sy%d-gn&lKZQWE%e!L@l\éeqrmormation
the test write zone T2 or T3 of the information storage
stordgyerdy2:Qr L8 wererdestioyed.thesecording: powess: crom
could still be determined properly for the information
the Storage layersckOpsLianthd 2:[0096)Also, for thewr in FIc.
same reason, even if the transmittance of the laser
8. beam passing through any of the test w.lte zones TO,
Ti, T2 and T3 varied, the laser beam could still reach
[0084he tedtWviite'Zohe TOI™, T2 T3 Grekth iRf6fTiatioff ="
storage layer LO, Li, L2, L3. Consequently, a test _ ‘
e Gifite SperatiShi Codid B& pertorhetjust agfrtended ™"

_...on the test vgrite 79 e'!:ao, I_iz,cT ch@@gf ela(;hA o the 1
Sto—ai%?orr?éeﬁgnl’stgpagé atyértLb,”L% [5G0 = e e

beam EQEEQ§§%0§§¥§§%%7§§ reduced te a limit to make the lead-—

rt
by
®

in areas as small as possible, then the radial gap between the

test write zones TO and TL of two adjacent infcrmatlion storage

beam incident surface 1is preferably greater than the radial

gap {interval) bestween the test write zones Tl and T2 of two

adiacent information storage layesrs Ll and L2 that are located

closer to the laser peam incident surface as in this preferred



and the recording power could still be determined

properly for every informaticn storage layer LO, Li,

L2, L3, [0097]Next, it will be described in Which, ;520007003752

directions the test write zones TO, Ti, T2 and T3 are

used. As indicated by the arrows in FIG. 9, the tracks

are arranged on the information storage layers LO o
embosafigPE2 so Tt théTasérBEamM ScaNE the forfafibh "¢

storage layers LO and L2 qutward (i.e., from some_
provghier tadiar b cation i the dist toward the outer edga.

thereof). On the information storage layers Li and L3,

information orage L

of the other hand: the tracks are arranged so that the

ocedaser beam scans:the ipformation. storage layers.bhve, e
and L3 inward (i.e., from some outer radial location
optih KE&QQ@@JQL\/A@&%H&%@ ner gdge theteaf)s Lhus,@Sstorage
in the first preferred embodiment described above,
1ayeiBfoEmAation, cande read:-oriwrittenowithout making theie to
laser beam spot jump all the way toward the
an opAN@IMoOstoroutermastiocatiorn oivthetdpticaldise avers.
105 every time the target layers need to be changed
In tipto thenextirforization Stefage |ayet, information storage
[00981Meanwhile, as in the first preferred ,
Layeignifodtinet described aieve e test Wrtdzomes thar +°
TO, Ti, T2 and T3 are PCTL]1P2009/003782 . .
Loca s farabIy 1788 i 6ppodite ditections to the ones in - —°
presVRCh the laser beam Spot goes on Ihe tespective . 1ayer
information storage layers. Thus, as already
aai=888Cribed for.the firstpreferred emhodiment,gven if
any sub-area of the test write zone were destroyed
with too intense irradiation power during a test write
operation to make it difficult for the light beam spot to
(evedottewthe track there, the area where the test write
operation should be performed could still be reached
[oosgyithoutspassingethe destroyed rselsareh becalisethes” a»
test write zone is used in the opposite direction to the
infolifit beathrspot travelihg:cATse tihet thé testiffite’ "vention
~_operation has been performed still a relative!}/ small
YL il EF O e P ineSrEEa g poier Gafi e 1 drerines

The drzeitcaerrlrrvgf‘lcqed Qitgg"erleyrwg?ugah%gnﬂ%esngreegzg;[?eedoémeordiment is
ayers ur?ﬁer re(T ced.

also either a write-ocnce type or a rewritable type. The

optical disc of the second preferred embodiment further
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600991In the preferred embodiment described
above, the optical diso 105 is supposed to have four
information storage layers However, the present
invention can also be used effectively even in an

inc1uaPtial disg with more than four information stogage, .
layers. In that case, if there are N information storage

roue <SS (here IS AN IICgET MBLIS 1\ e oo optice

f§%5889f68§a7%2 eq{laﬂ to or greater that three

aisc B0t ihose p.information storage layers are counied, ...
rom the one that isTocated most distant from the

. laser beam incident surface, an it'll information. .

is to say, 1in fhe structure of the gptical disc 101 shown

storage layer (wﬁere iis an even number that
sa&isfies 2 g’s scanned with the Jaser bfsarp tovxé rd

Lhe g;z

oL ion. stor avyer g =d between
thé'inner edge of the disc but the Sub-aréhs of its test
cne in}ifite ZOne are used foward e outer edge ofthe, 1,
® HidERON thé othet hand: an it information storage )
amosnei2YSLIS SORINGA with the laser heam toward the dater, |,
ed§8°6f the dige out the Stib-areas of ifs test write = ™aF+o"
ctoraclOne are ugegntoward the inner edge of the disc.
“10106]A% Gestiibed above, an optical disc according
to this greferr_ed embodiment has three or more
. FIG,. 8 4is g chematic cress—-ssctional view of an
information storage Tayers each of which has a test
_write zong, That is why even if those information
optical , disc 105 aﬁ’] f‘:i sec%nd :a:efer.red eimboa"fﬁient cf the
storage layersthat are stacked one upon the other
are irradiated with a laser beam at mutually different
present ane—{}thn, . No sgafer la&ﬁﬁrs atth shown as in PIG. 2,
intensities of in respectively different therma
e en env_iror%rPGentgs, a test write operagon_,can still be ,
= sholiSrmed oft the tafget thidtiiation Stofaga 1&er- dri” 1nner
_ which a write operation is %oing to be performed,
portion orage laver L3 that has been

Usitig itd Testthrtgation s

added to the structure of the optical disc 101 and there is a

in FIG

[COEBT]

test write zone T3 in the lead-in area R3.

[0088] As shown in FIG. 8, test write rzones TG, TL, T2, T3

are located in the lead-in areas RO, Rl, R2 and R3 of the

information storage lavyers L0, L1, L2 and 13, respectively.

These test write zones TO, Tl, T2 and T3 are arranged at

mutually different radial locations sc as net to overlap with
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PCMP2009/003782 zone under the operating env
onmenof that lay Consequently, the best recording
power can be determined for each of those
information storage layers. [0101]In addition, those
cacn oifformation,storageayers.aie Atanged At MULANY, o maicn
ifferént radial focations so as not to overlap with
storagee%ghe(r)ghgmn]gg,e i?%lgggﬁglra%gl%r%éEé?erdthgar;[ere\ul%ggnthe other
the test write operation can be performed just as
(i.e., Igger!rdlgdeg_n ieﬂaq@lénf(grrggy%q SE%raugwelcl%y%LgltPesrer beam 200
without being affected by the writing status on the test
write zone of any other information storage layer or at
i.east with such influence minimized. As a result, the
roacsy 1ecordin power,can be determined,properly.fqugach,, ...
mforma(_floﬁastorage Fayer.r'[O EZ]W at'is more, in a
p@riphesrltlﬂatég% V\‘{E‘qgreogfhet%ieeat élgg%@ vzagtnt%szgggth .of the second
information storage layeris used in the opposite
, direction to the laser beamthat is sc.anqin(% thg
innermast Informatlon storage iaver L1 1s located ¢
information storage Tayer now, even if any part o
outer ggscl: Vggtethzeorc]ieisvcyer%adesctreoygq evgitheiQJt.epsea!erad@jlaggg of the
power, the rest of thé test wiite Zohe could still be '
test wr%%gdzggfrgfg%tenllyé ?nntequoosf:tqgtfog:qae {ecg:r?rggggage layer L3,
power can also be determined proper?y or eac

information storage layer without being affected b
and a %aﬁ)y(or an interval) 1s left between” them so that the test

COomes) .

%ciﬁeer to the

write =zones do not overiap with each other. This gap has a
distance that is defined by the difference between the respective
radial leocations of the inner peripheral end Tla and the outer
peripheral end ¥3b.

[0020]) Likewise, the Iinner peripheral end T0a of the test
write zone T0 of the third innermost information storage layer LO
is located closer to the cuter edge of the disc than the outer
peripheral end Tlb of the test write zone Y1 of the second
innermost information storage layer L1, and a gap that ls deflned

by the difference between the respective radial



PCV3P2009/003782 other layer. [0103]As in the first
preferred embodiment described above, there is a
more preferred arrangement of the test write znes, o voxer
TO, Ti, T2 and T3. Hereinafter, such an arrangement
will be described with reference to FIG. 9.
[0104]Generally speaking, when the information
locaistgrageayét LO e dR o BE itfadiateditith @ faser cvte
~beam, the laser beam should pass through the
PerigptormaRDT Rordgk fayeFfs 15 L2"4Md L3. And to
. irradiagg the iQformation storagella ng%2 w}ifthtka laser ...
Yeam 18’1886t Beam Shotld also pass through the  ©~ °
zZone InggrrgptlgpeStglg?gremla,).[erlrng’o;rmqa_ti&% W@é%@%‘e layer L2 is
information storage Tayer L3 needs to have the
1ocadlighestiransmittance with, kespectio.alaserbeamy. outer
and the transmittances of the other information
veriStorage-layens L 2 Liand LO will:decreasedn thiS cre thira
order. [0105]To design information storage layers
inne @fficientlydf-an iopticabdise withdhree informationr that is
storage layers has

defined by the difference between the respective radial
locations of the inner peripheral end T2a and the cuter
paeripheral end TO0k is left between thenm.

{0092} If the four information storage layers L0, Li, L2
and L3 are ccunted from the cone that is located most distant
from the surface on which ths laser beam 200 is incident, the
test write zone T2 of the third most distant information
storage layer L2 is located closer to the outer edge of the
disc than the test write =zone TO of the most distant
informaticon storage layer L0 is. And the test write zone TO
of the information storage laver B0 is located closer to that

outer edge than the test write zone Tl of ths second most

distant infermation storage layer Ll is.



already been developed, it preferred that those three
information storage layers available be used as the
information storage layers LO, Li and L2 and that only.

an PCT/M2009/003782 i

[ooe3sy Also, the test write zong T2 of the information
storage layer h2 is located closer to the outer edge of the
disc than the test write =zons of the information storage
layer L1 is. A&nd the test write zone T1 of the information
steorage layer L1 is located closer to that outer edge than
the test write zone T3 of the fourth most distant information
storage layer L3 is.

(00943 Furthermore, tThe test write zone T2 of the third
most distant information storage laver L2 is located closer
to the outer edge of the disc than the test write zone ¥0 of
the information storage laver LO is. And the test write zone
T0 of the information storage layer L0 is located closer <o
that outer edge than the test write zone T3 of information
storage layer L3 is,

{0095 As in the first preferrad embodiment described
above, according to the arrangement of the test write zones of
this preferred embodiment shown in FLG. 9, the test write
zones TO, Ti, T2 and T3 are arranged at mutually different
radial locations, and do not overlap with each other at ail in

the direction in which the information storage layers are
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information storage layer with high transmittance be
newly developed as the information storage layer L3,
[0106]However, the information storage layer L3+ pos0s/003782
should have high transmittance, and therefore, can
be designed much less flexibly. As a result, the write
performance of the information storage layer L3
stackfutddetetiordte RIS easilyduéto'dslightivariatiéh ==°*
~in a writing condition such as the recording power _
mt%oﬁ?ﬁ%rergtooﬁetﬁor%ﬁgﬁ%ats Btage Byers LOTLI *+ vore
.and L2, The same statement also.applies to_between ..
4= 18 Thformation storage I%(ff/le%‘s 'I°_§2 Jé"hdgelﬁ%n&" between
Lone B information. storage lavers Li and LO, Thatiste (or =t
say, in general, the higher the transmittance of a
Leas:OiyaRJoformation storage-layerqthe less flaxiblythat.one T
layer can be designed and the more easily its write
dest ROHOrManse silkdeterioratesduede: evencarslight could be
variation in a writing pond on such as the recording
perfdqpewer; 107 Forexample, iftthe mformatiorrstordfect the
layer L3 is irradiated with a laser beam, part of the
intolgsdrheamiscranarmitidef thvsugh thedpfermiaticRrer courd
storage layer L3 and then reflected back from the ]
st LR TGO STOrage iy er 17 thifarg ormation storage layer

0. Tikewise, even if the test write zone T2 or T3 of the
information storage layer 2 or L3 were destroyed, the
recording powers could still be determined properly for the
information storage layvers LO, Ll and L2.

[0096] Also, for the same reason, even if the transmittance
of the laser beam passing through any of the test write zones
70, T, T2 and T3 varied, the laser beam could still raeach the
rest write zone TO, T1, T2, T3 of each information storage
layer 0, L1, LZ, L3. Consequently, & test write operation
could be performed just as intended on the fest write zone T,

71, %2, T3 of each information storage layer LO, Li, L2, L3

&0



the information storage layer L3. In that case, if the
test write zone T2 of the information storage layer L2
were destroyed or deteriorated, the reflectancepgfﬂ@&gm -
test wnte zone T2 would vary significantly. Therefore, )
the intensity of the laser beam would vary due to the
light reflected back from the test write zone T2 toward
and ‘e heforfiationostoragetayer L3 andstray ightr That Ly toT
is why if the test write zones T2 and T3 were
every iraRgBY Cose t Yach®dtiet thih tié variation in the
intensity of the laser beam reflected back from the .
[009% b st Wit zonhe T2 toward e tRformation Sofage "

cect 1QYEr L3 Would be supgrposegias noise on the lager. .,
beam reOﬁlecte from the test write zone T2. As a

cne 'ESUlf. 2 testwyrite qperafion couldnatbe performed.;,  (re
appropriately on the test write zone T3 and the
infoBGQHING power could nat he datermined.prepersfer vean
the information storage layer L3. [8108]In view of this
scan<L@ASIderation, ifhtheoptical disc: 105 efthis prefesred(:.e.
embodiment, the radial gap between the test write
fror zoresiohtworadiatentdnformationtstotage tayers that cuter
are located closer to the laser beam incident surface
edge jghpreferablyWwidér thafrtie gap Setwesen these dfitwes =
adjacent PCTLIP2009/003782 information storage
on thaverethdtrare 16katetFiiGré tistnt sm theBger e 25~
beam incident surface. Specifically, the radial gap, . .
betwaen the test Wiite zones 12 and Tiof two
(1. 2diacent information sforage layers 1,2 apd Li g, 06,4 <ne
gap between T2a and Tib) that are located closer to
isnedhesirfacg. on which the laser beam. 200 isingident.correq
is preferably wider than the gap between the test
enbod&ﬁﬁHEtzaélﬁ&gﬂeﬁnQoIm@,OEM&M&&Q&?I&Em@m&thr written
storage layers L1 and LO (i.e., the gap between TOa
withcanthd ab)that arestocated mere distaat from therlasesrd che
beam incident surface. [0109]Alsohe radial gap
innedyetvern theetest writezomas ofi3the optical disc 105 every

oeam

time +the target layers need to be changed into the next
information storage layer.
[onesl Meanwhile, as 1n the first preferred embodiment

described above, the test write zones T0, T1, T2 znd T3 are



and T2 of two adjacent information storage layers L3

and L2 (i.e the gap between T2a and T3b) that are

located closer to the surface on which the lasegheamyearsz

200 is incident is preferably wider than the gap

between the test write zones Ti and TO of two

adjacent information storage layers Li and LO , .
prefegiblyap etwae APTEIAEnd BT thit*ars I685tel fhore ™"
__ distant from the laser bea}lm incident geurﬁfa%amgrjirg% storage
e LGEH netie s the testWrite zones T2 and Ti of two
adjacent information storage layers L2 and Li(i.e., .cc..
12 rie g%“%bt\?‘vseeaﬁfgrazdé’ aﬁ%“élg)é{a[o‘ffoﬁ%ei%ﬁga&’f TR
enod@se information storage layers LQ, Lisde? @ndd 3one were

are counted from the one that is located most distant
destrfg;?ég the.gurface ot the.disc-amuhich thedasecheam: test

200 Is incident, the radial location difference between
wr: cdhe-etdersperiphenal endaftheinneroneof thentestan spot

write zones of irh and (i+l)th information storage
to flayers fwheresdsranintegertsatasatisfies 2ilA8) &id write

the inner peripheral end of the other outer test write
cperazgpe ispréferablyewidertharthe Fadial lgatfornes ithous

difference between the outer peripheral end of the ,
pass i B BT S Te St WATEZGREEOR i and T+jiR—" *°° *°

information storage Iadyers,(wherg(#]ls an |qt%ggr trbeaatm spot

1 R oLLon L n
used safistied 1-JPEFAnd the mner peripheral end of the

oy Qther outer test write zone. [0111]In.the preferred .o veen

]

embodiment described above, the optical disc 105 is

perfosz%ggo%%gltp @V?efﬁllt'%@ﬁ@fmg@ﬂ storage layersines, <he
' However, the present invention can also be used

recox%ﬁ@&tiyﬁjyzirhaﬂ optigal disc with mmere thanfotre influence
information storage layers. In that case, the relations

of tuleseribed-above arensatisfiedsd n is the number of
information storage layers

0oR9] Iin the preferred enmbodiment described above, the

optical disc 108 is supposed to have four information storage

layers. However, the present invention can also be used

effactively even in an optical disc with more than foux

information storage layers. In that case, if there are n

information storage layers (where n is an integer that is

62



PCI1JP2009/003782 included in the optical disc and

is an integer that is equal to or greater than three and

if i is an eger that satisfies 2=Cia=n-1. CTIE2005/00375

[0112]According to such an arrangement of test write )

zones, a wider gap is left between a pair of

information storage layers that would be affected
equamovre sigrificantly By thetight reflécteéd fronran information

adjacent information storage layer, thus reducing the
stordpfluBeesofiite Yt FEflEEtBd froniHn ddjacént ocated most

information storage layer. As a result, a test write ,
dist5herdtioh céﬁaoe?ﬁéﬁﬁrn?éﬁ“apb%fﬁfﬁfeIysélﬁff'f% test” *
.___write zone of each information storage layer and the
oo S rlinG power cah be déetarmined properly for the «

informatign.storage layer, In addition., 2 0arower.gap. . ...

*2*195 Tett between a pair éﬂn ormation storage layers

innezthgtgcﬁlgogp pﬁeaﬁegegult.estc‘qgl%ig%g)! byfth@s.“@gst write
reflected from an adjacent information storage layer.

zone BRENAhe gap.hetweendhe infermation staragedayess cthar
will not e unnecessarily wide and the lead-in areas

hand,Caf be-uséd meseceffectively-@n top:-of that;asdherech the
IS no need to expand the lead-in area, a sufficiently

lasenviderdata-areaicantersectredf ag'wellsc but the sub-areas
[0113]Optionally, in a situation where the gap

of ‘ifetieen-thétestivritezones oFedch Pairoradjatentot e
information storage layers is defined as described

disc,

above, the test write zones TO and Ti of the

{Oi{)é?formﬁloc? gtgr%gc? laagycevras, I._aor;aggtLlcg_]La%Psec: according to
arranged a‘f tﬁe same locations as t)he counterparts of

-nis (N8 IWQ information starage Jayers.of @ conventional macion
dual-layer optical disc. In that case, even a

storSRNVENtQNaL optical disc.dnive canalsa pedormea Thar is
test write operation on the test write zones TO and Ti

why ofdhe ppticalkdise 401 wuhthis preferregembadiment stacked
only by making a relatively simple change on the

one SEQUENEE. other are irradiated with a laser Dbeam at

th

mutually different intensities or in respectively different
thermal environments, a test write operation can still be
performed on the target information storage layer, on which a

write operation is going to be performed, using its test write

[o3]
w



[0114]In the preferred embodiment described above,
the four test write zones TO, Ti, T2 and T3 are
arranged at mutually different radial locations sQ T%%mgm%m
not to overlap with each other. However, as already
described with reference to FIG. 7, if the light
reflected from the information storage layer L2 affects
zone @ littiethe iformetion storage’ layerds, if the light  laver-
transmitted through the ntorma o storage layer L3
consegffertsva |itte e inforTREtion duiagetayer L orrited =oF
and If the light transmitted through the information
=ach Ghrgyatayer T2 afe A5 aitd the friformation
_storage layer LO, then the radial gap betweenthe
(020%bst write Z6nes™ 0 and T2 %gﬁﬂrég%ﬁ?grrﬁgﬁfoaﬁ storage
srean2YESLQ aNd 112 and the radial gan between thedesto: o
write zones Ti and T3 of the information storage
overil"a-‘lyew@tgsi Q;El% L&&Jh%oﬁﬁ@aig@%@@g@%ﬂﬁ Flﬁ-}: that
10 may be shorter than in the arrangement of the test
reasdﬂ[itazkz@nﬁﬁs§h0ﬂﬂejnMa'&o@%]&ﬂﬂ(}iﬁﬁ@ﬁﬂ#}@ﬁK}jpst as
10 illustrates an arrangement of test write zones in a
intergitdation whereitirereds a:zerocradial gap etweerthe i thout
test write zones TO and T2 and between the test e
peingoiésTeahd T8: Fhusithenner and sutersperipherares ©f
ends T2a and T2b of the test write zone T2 are
any gERfECtiy HITGREPNItH-HEIANETARd Butdl petisherdl™ 54"
___.ends TOa and TOD of the test write zone TO, and the _ .
Inf Lyt it Y5788 T2 5nd T& &ritirély overiap with each™™ ~*
__other, In addition, the inner and outer peripheral ends
det e Cipfﬁaoyf the t?éascgthwritg zone TS%%eQ[%rflelc“:/tgly
(010 ligned with the inper.and auter.petiphetalepds Tlac wrize
and Tlb of the test write zone Ti, and the test write
zone ZONEST 3 and Jieplirely overlap with-eaghy otheme cppos:ite
However, the test write zone T2 may also overlap
aireWithrithe test RGEOPA0091003781scanning the information

storage layer now, even if any part of the test write zone
were destroyed with intense irradistion power, the raest of the
test write zone could still be used appropriately. On top of
that, the recording powsr can also be determined properly for

each informaticn storege layer without being affected by any



write zone TO only partially and the test write zone

T3 may also overwith the test write zone Ti only

partially. [0116] That is to say, the test write zopcew%;omw "

the information storage layer that is located closer to

the surface on which the laser beam 200 is Incident

may be arranged in the vicinity of that of the
cthednferamation storage layer that is located more distant

from the laser beam incident surface. Specifically, if
[010%he folst informatiorf SteFage fAyere LGP E2°and fog o= +bed

are counted from the one that is located most distant
=bovdroithe Stirfal8 SniwHich file TASEFBEdm 20018 == ="
incident, the rad(iﬂg}il lgcation difference betv!\llegzg tahrq: ns

i
zones_  TO . Hereinat angement

er peripHeral enc of the inner ofie of the test write -

«111 32Nes of the k& and (k+1)5h informatipn storage
layers (where k is an integer that satisfies 1==k1+:2)

{Olf}ﬁnd ”@r@-‘é&%&?e%@ﬁ@q‘?nd«thrth%erhQEM&%hm storage
test-write zone is may be greater than the radial

1ayedog@tion difierence betweenithednnerpesipheral end: 1aser
of the inner one of the test write ones of the kth and

pean (kt2)th ffermationstorage layers-and theceutetayvers 11, L2
peripheral end of the other cater test write zone.

and [0117ds0;thecradial-bocdtion differerice betweeh tiegesr =2
PCIAP20091003782 inner peripheral end T1la of the

vith inrgreh& Prof the teseivifezehes Ti arfd T2°6f thewwa" ==

~ information storage layers Li and L2 and the outer,

“'“fmﬁ@}‘ijp%er%ﬂoéﬁﬂeTgﬁyﬁf th8 othérdutef tést'e Zone T2 ™"

may be greater than the radial locatio difference with

e (. [0 D P eral B T of thg sy 1"

reSpé%@et-gsa(_)flm@rteﬁéé%[it%rﬁpragg Tkm;@&fcmeof the other
information storage layers Li and L3 and the outer

infoREriphetalend Tib,of the-other-outes tast wete:zeee in this
Ti. [0 8]In the preferred embodiment described

sraeidbove, the optical disc 105 is supposed to have four
information storage layers. However, the present

[0:03mvention ¢an alsc be usedeffettively in arvoptical cientiy.
disc with more than four informatien storage layers. In

if athapcase, thedornter Felatfordaseribed dbevedts Lavess has
satisfied if n is the number of information storage 1

alreqgyeReTiicldGEH i the dptichl dfEE HTdSe an'ifite§&®® “"7°°

.__ thatis equal to or greater than three and if k is an

Lnoftsglt thal ¥afisfies TEck11255 -+ 5 =

informetion storage layers L0, Ll and L2 and that only an

as the
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[0119]On the other hand, according to the latter

relation, the radial location difference between the

inner peripheral.. end of the inner one of the tegt write

zones of yth and PCT/22009/003782 (k11-1)tﬁ&m2$$’°m'

information storage layers (where k' is an integer that

satisfies 1k' n-3) and the outer peripheral end of the
inforptiiéproutertest whtezone s pieferabiygicaterthan »ovly

the radial location difference between the inner
develgptipRerarerdrtheé fithér orféof tHetdst write zones

of (M+1)th and (k'+3)th ation storage layers and the .
(01063 ter Ftipiera Bid SRS OtHEr oUtsr test Wiite zone™ ™~

[0120]{As a result, Withartlgeggﬂuencq og an%thJesigne 4 muen

ansmittance erelora

have .high ’ :
mfgrma on storage Iayer on tﬁe test write zone

Les= MiNIMized, 3 test wiite gpergtion can be perfgrmed o tae
appropriately on each test write zone and the

mfo&%@g@llﬁg@%ge{ég@@ ke determiped praperiy.fer eachy que
information storage layer. In additio.n, the lead-in

to aareagan bereducedand asuffisientlywide.datacares the
can be secured.

recording power compared to the information storage lavers LG,
L1 and LZ. The same statement zlso applies to between the
information storage layers L2 and L1  and between the
information storage lavers L1 and L0, That 1is to say, in
general, the higher the transmittance of a given information
storage layer, the less Zflexibly that layer can be designed
and the more easily its write performance will deteriorate due
o even a siight variation in a writing condition such as the
ragording powar.

[01067] For example, if the information storage layer L2 is
irradiated with a laser beam, part of the laser beam 1is

transmitted through the information storage layer L3 and then

reflected back from the informaticon storage layer L2 toward
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[0121]Optionally, if the light transmitted through the
information storage layer L3 affects a little the
information storage layer L1, then the radial gap
between the test writ zones Ti and T3 of the
._information storage layers Li,and L3 be reduced, _ .
the in R o 109 shoun it FIECL Ao ===
. an example i hich. there is no radial gap between
it S IP2008/003782 ihe 651 irle 20nes Ti and T3 &7 “7°
dezstrollle%Stgq:tege!:n fﬂg'a%%dyh%ggsggviqtg %grqgeTgf’mg}/ealtsgst write
e arranged so as to partially over(fap with the test
write zone Ti. Then, the lead-in area can also bg . .
oo B A Sy e date BeEn cah ks BE7on1™
secured, [0122]Also,if the light transmitted throu ,
o e Rl Sate Ty oL aflodts 3 Tile fraLocres 222k
from tEﬁoqngyoggggragglay%gkgégr$§aggdiggygugyaon storage
B reflected from the information faorage I%yer 17 5tedts ?
1 I%”ttLe‘ tggrinfogmahtjcon S”;ggagzes.lq v II?’ tDenttehset riie zones
ayer rad?afgab‘ﬁ%t\"fv“egéh the test wiite Zones TO and T3 of
the information storage layers LO and L3 and the
"Fadial gAp between the tEstirite Zones T3 and T2
. may be reduced as in the optical disc 108 shown in
variatyges 1o RitholgH an éxdmple in Which there isno =" >
. Jadietll gap between the %gsttwritg zones TO anﬁq &3 Iils. orace
ron Hiifstrited 1A FIG. T2°the test Wiite Z6ne T3 ay afdo ©-°°27
. be arranged so as to partially overlap with the test.
faver \Uhte"z8me TO. THER, 1i&Teadin Sfedcan alsdhe *%°" 7**"
reduced and a sufficiently wide data area can also be
retlecead had" (013 3fiRcthe firstard Second préferred ™" ™ & =°°

embodiments, the . .
write operation could not be performed appropriately on the

T2 a chen the

test write zone T3 and the recording power could net be

determined properiy for the information storage layer L3.

10108] In view of this consideration, in the optical disc

105 of this preferred embodiment, the radial gap between the

test write zones of two adijacent information storage layers

that are located closer to the laser bhasam incident surface is

preferably wider than the gap between those of two adjacent
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PCT/JP2009(003782 optical disc of the present
invention has been described as having three or four
information storage layers. However, the present X
invention is in no way limited to those specific PETHF2005/003782
preferred embodiments. Alternatively, an optical disc
according to the present invention may also have five
infopramiore inferavatiercsstorage layers: (EMBODIMENFrt from
3) [0124]Hereinafter, preferred embodiments of an
the jaformzioniwritngtdeviéesan infsfiatibn reading =42* 9ap
device, a writing method and a reading method _
detueiteofding S the' preseAtifivedfiorf Will be déscribed I 2<en*

oMt reference to the accompanying drawings, FIG.
infonid L hioRK diagram filugirafing ‘an infimation 2=° ¢

2. Writing device 300 as a third preferred embodiment of |, .

the present invention. The information writing device

the 300 .cANIGAgLANCA.write;data and inchides A 5piRdl& ran che
motor 302, an optical head 303, a 1 ght beam control

gap SECHQR 304, aserva section30raseadsighakus adiacent
binarizing section 306, a digital signal processing
infosegtion 307 aavritgeompensating seckion 308 and &etween
CPU 309. [0125]The optical disc 301 may be what
TCa ahg}s'ﬁppealdytb@eﬂ located meore distant frem the laser bean
incident surface.
(G109] Also, the radial gap between the test write zones T3
and T2 of twe adjacent information steorage layers L3 and L2
{i.e., the gap between TZ2a and T3b) that are located closer to
the surface on which the laser beam 200 is incident is
preferably wider than the gap between the Test write zones Tl
and T0 of two adjacent information storage laysrs L1 and L0
{(i.e., the gap between TUa and Tlb} that are located more
distant from the Izser beam incident surface or the gap

between the test write zones T2 and TI of twe adijacent

information storage lavers LZ and Li {i.e., the gap betwesn
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described as the first or second preferred
embodiment of the present Invention. In this preferred
embodiment, he optical disc 101 of the first preferred
embodiment is used as the optical disc 301. The

‘ spﬂ'gdle motor 302 rotates the optical disc 301 at a

2 L ) .

es amﬁ)redbetermlned velocity. The optical head 303

irradjates the thical %isc 301 with A light beam and

also ¢onverts the ligh bé&r%sﬁqa%%ﬁé‘%ééﬁ“re ected® TS
fron'bthe ptignal disc 301 into_an electrical signal and N

0. 0,5 as  ad Sighal The light beanrcoriol 17"

most o5SEtion 304 controls the iradiation power of the light,
that has been stipplied from ]Ehe‘optlcalcheéd 303'in

_ cordance with the instruction given by the CPU

oot 2@%9??0@%]‘?%%%&3"8 sé%?ro"“nlsbg%ca 1 pesrenee petween

[0110]

dontrolSt
o ositions of the optical [gegg 303 and the Iithttt%qagjm C it
® “enitted from the optical head 305 peffornis the ochd™

and tracking controls on the light beam, and controls

29023 e fotafion of the spindfé Moter 302" FRE Tedd &ignal e -

. binarizing section 306 surt%jgc,tg the read signal ) 1

5 en yrtated By the-optical Heat303 {bf witich the atar -°hers:
information is a sum signal and the information about _

*rd e dist B CTIIPZ0067003782 inforhiatioh &F&a%aRd ™Y °"
address is a differential signal) to amplifib.ation and

ehan - hiif ciZation, thereBy géherating & Biifariz66"Sighal =" °4*=*

~_Also, the read signal binarizing section 306 gets a
periehatsdk Sighdl'generated By antintémal PLE Thot Shigwrf™es ©°F

synchronously with the binari ed signal_ [0127]The

7 angigital Signal TeeERE g Bectioh 387 subjects g I e #n
. bilarized signal to predetermined types of _
inteaeyaimptiuiationt and efercorrectioh pr6céssig iy trneral end
writing data, the digital signal processing section 307
ot thegphigets thé datato BeWrittéAto addition of a error
correction code and a predetermined kind of )
(LT modUifatibh: thereby gehetating Hidduldtsa dts =bover the
~Next, the write compensating section 308 converts
opticathgmodtiated dataito opficaly modtiatéd taed o srtoreoe
consisting of pulse trains, and finely adjusts the pulse )
Layers width At Other pararnatars of the ptitalljihodufsted®  vssd
_data based on the read signal obtained from the data ‘
eLiectiformatiotfaréh anid the data thatissstotey yus information
advance in the CPU 309, thereby converting the
storagpptitdlly’ modilated datamto d write phlsE sighaf that® =bove

will contribute to forming pits effectively.
are satisfied 1f n is the number of information storage layers
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(01,281The CPU 309 controls the entire i.niormarinn
wrl ting PCDJMO009/001782 device 300. The host

unit 310 uses a computer (not shown application (not
. PCTAP20Q%/003782
shown) and an operating system (not shown) to send

a read/write request to the optical disc drive 300.
[0129]When the information writing device 300 is
incldgaded with theical dise30tdthe lightibearmrcomtrolis equal
section 304 the serVo section 305 instruct the
to oppticdldiedd303 tecseah thelcdhtrsl ared it theleaidin® ™ e°
area RO on the information storage layer LO with
2Zixredetermined irradiation power, thereby retrieving

. recording pdaramger inf%rmatiog %Jch %%@foorpatt(ia%rt] e
11z > o guct ] g rIgeme . rit
O & pout e irddiaticn fowerto adopt when a write

operation is performed on the information. storage .

58 crmation

““*Jayers LO, LIand 12. (013010n receiving a write
storargeeql‘ﬁégigo%me chﬁtdu%g %;fgected more significantly by

the light zeflected from an adjacent information storage
layer, thus reducing the influence of the light reflected from
an adjacent information storage layer. As a result, a test
write operation can be performed appropriately cn the test
write zone of each information storage layer and the recording
power can be determined properly Tor the information storage
layer, In addition, a narrower gap is left between a pair of
information storage layers that would be affected less
significantly by the light =zreflected from an adjacent
information storage layer. Then, +the gap between the
informaticn storage layvers will not be unnecessarily wide and
the lead-in areas <an be used more effectively. On top of
that, as +tnere 1is no need te expand the lead-in area, =

sufficiently wide data area can be secured as well.
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the light beam control section 304 and the servo
section 305 make the optical head 303 scan the test
e zone TO in the Iegd-ln area RQ of the |n.form951]%[,12009,603782
storage layer LO with predetermined irradiation
power. Meanwhile, the CPU 309 specifies the
irradiation power or performing the test write
[6118perafion for the lighttbesrrEatitrol Sectioh 382 2idssn the
gets test data written by the optimal head 303 with
test figiifipl& ditferent PE PEIS200 91005782 i ddiation™ =tor=9e
powers and then read, thereby deterhmiging, based on 0
taverhe 6l TAte dRdfiter ofthéfead sighalgenerated ™ =°
ana 1€ fECOIdig DOWEr 0, use when A wite PPIRLION IS, .
perfoormed on the data area DO of the information

arran%tgéaﬂe’lgxegalm@i[QJa:%J:]JIQea§amg %g&lev%lqjarts of the Two

operations are also performed on the information
in.foxs&gur@gxe l@}[@f%l a:@gel&s?, t@.@ Spe&bfleaxﬂ‘y:,&tbﬁ ”g:l‘ﬁalmlayer

beam control section 304 and the servo section 305
optidnake dhe opticaldieads 303 sean themtest write zenecIi disc
in the lead-in area R1 of the information storage layer
drived | agith gredeterminec: irradiation power:Meanwhilethe test

the CPU 309 specifies he irradiation power for

writepe;f@ﬁfﬁin@o' and T1 of tThe optical disc 101 o this
preferred embodiment only by making a relatively simple change
on: the ssguence.

[0114] In the preferred embodiment described above, the
four test write =zones 'O, TL, T2 and T3 are arranged at
mutualily different radial locations so as not to overlap with
each other. However, as alrecady described with reference to
FIG. 7, if the light reflected from the information storage
layer L2 affects a little the information storage layer L3, if
the light transmitted through the information storage layer L3

affects & little the information storage layer L2 or L1, and

if the light transmitted through the information storage layer
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operation for the light beam control section 304 and
gets test data written by the optical head 303 with
multiple different irradiation powers and then read,
thereby determining, based on the error rate and jitter
r2 a¢cOf1he 1624 sional generated, the recording POWKO o, op.c
use when a write operation is performed on the data
radial a[:feaa Dble‘a(:)nrfétgg Irr‘t'loerrntaetéc%n %Eqrtaégezlc%}%esr L‘i‘O angd T2 of the
[OTL?Z]SubsequentIy, the light beam control section
inzorma0d 2nd the servo section 305 make, the optical -lead, .,
303 scan the'test write zone T2 in the leadsin area
betwee th%n; th:ee ggfogqr}p] ttlaonzOFI)E_%:S]'?'I&gZaQ%g_/QQBZ{SZt%gralggormation
Tayer L2 with predetermined irradiation power.
scoragSAMNIIE, (e CRY 309 speiies ihe Juadiglion. .., 1, erc.
power for performing the test write operation forhe
light eam control section 304 and gets test dat :
10 H 3 ri than . th X & . % Test rite
“written By the opgtﬁllf:aiI head 303 wit egFr?ﬂ]ltlpfe different
ones ergggagg%ggw%rs and then read, thereby
) dheter‘mlning, based on the error rate and jitter of the
r0115) read signal generated, the recording powertouse ... ¢
whena write opeyratlon IS pen}ormed“ on the data area
test w;l;“)lztgf ;[Qg Igfggmgtlgptﬁg%riac%e vl%g%g Lj%’i@IQethI% a zero radial
mannér, the recording powers for writing information
on the r%%pective data areas DQ, D1 and 92 of a}IDI .
bel n, ti T 1L ] 0_anc d tween th
920 PoHed information gtolraeéezl%lyeesrslli_ofﬂ? and |2 are" "o e
determined. [Ol§3 Ngxt Qy radiating théa disch a ‘
rit 8-, 3l g o inner d T
Tase¥ béam with th]énreco.cdlngTﬁoWer this “70°r =t oweer
determined, user data gets written on the data area
i I e T .t} Wit T2 &
per phf)r@, Dﬁﬂgrs DEZSf §§8h Fr?ﬁ)rr%atl%%est%?gée”féye? L@,HEI : i
cec 0l H24 I this case, the iradiation power thathas . . 4,
PErEeChieer determined for each information Storage ayer
throu%h the procedure descTrgjbegn%bQ\}/le is used.

and T0k of Yhe telt write zone . @ test write zones T2

test

and TO0 entirely overlap with each other. In addition, the

inner and outer peripheral ends T3a and T3b of the test write

zone T3 are perfectly aligned with the inner and outer

peripheral ends Tla and Tlb of the test write zone T, and the

test write zones T3 and Tl entirely overlap with esach other.

Howewver, the test write zone T2 may alsc overlap with the test

72



10154When the user data that has been wra.tten on

toe data area DO, D1 or D2 of each information

storage layer LO, Li or L2 needs to be read, diE;;:(Jg;mmmm,,j,82

information and other pieces of information are

retrieved from the control area and the user data is

read from the data area DO, D1 or 02 using the disc
writdnformatiorrthusrebtainiéd. {0135 thetprefdiveebne 5 may

embodiment described above, the test write zones
also PEpripafdT2thfe Stipposet 6"5e Hrrahgettohtyon:

the inner periphery the disc. Optionally, additional test
191 %hrite Z8Rks May &lsobe arfahged on the outer ™ °F

nsoperiphery of the disc. Alsg, when a write requestis ., ..

819} sTorage er
feéceived, the recording power for performing a write

surfa_ocpaergll];iO_thghth(gh%at§a@£§a pe@m D.ZJOQ r Qg 0{;%Y§£}{t may be
information storage layer LO, Li or L2 is determined

=rr=dfdhe preferred.embodiment deseried abovestion storage
However, if the CPU 309 has decided that it should

1ayebe@BouUgh ta perdermma writeieparatiananlyen theer beam
information storage layer LO to get every piece of

incidaformationavrittenpthen onlitheifradiatiofrpower-foration
performing a write oper on on the data area DO

storgreedsio betdetérmined. “THe A3 the userdatd daRm the one
start being written in a shorter time. [0136] o

that Firthéfticre, it the pitefred @mbodintent testriged™ =
above, when a write requeg% is received the r,ecordqltip},_gerence

laser & AT idean 1 tion

]200 _sf ins the r?d,l.al agca
power T1or per ormlngwrl‘te operation on the data area
betweoefne\{géyinner peripheral end of the inner one of ths test

-

write zones of the k™ and (k+1)"™ information storage layers
{wherse k is an integer that satisfies 13k32) and the outer
peripheral end of the other outer test write zone 1s may be
greater than the radial location difference between the inner
peripheral end of the inner one of the test write zones of
the k™ and (k+2}® information storage layers and the outer

peripheral end of the gther ocuter test write zone.

[0117] Alsc, the radizl location difference between the
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information storage layer is determined. However, the

CPU 309 may determine the recording power only for

the information storage layer on which the e

. . . PCT/AP2009/4003782

operation is performed earliest, and may determine

the recording powers for the other information

storage layers later. Then, the user data can start
innehelngerrenore guickiz [0137F-orexample, Tfthe tese  test

write operation should be performed on the inner and
writgerpefipheties’sf each of thévtmee'niforfation tavess =i

storage layers of a three-layer disc, then the same
and RRsPtite Sefiidticd SHEGId Be pEtoAned siXinfeds" °rer
test ovyﬁgccae"’ztg"lis ‘;‘%rCig? tgee usfeg‘{}grw‘gigg I‘E)fc]eg ti%e" location

*% b&tore 1S or S data 16 réady 10 be written. [01381T0

a1.£-2401d SUCh a sityation, mulliple, cOMPINANANS Of: the :nner

specific information stor..age layer(s) on which the

one i8SLwIite operation needs.to be perfarmed apd hermation
number of such layer(s) may be prepared in advance.

storagiemthe GPU309mayudetermine whether arinetdheis of
write operation should be performed on more than
the dwesterage layersrAnd-Hrihaganswer is NO, the test
write operation may be performed only on the
[011PC13182009/008782ed embodiment described above, the

optical disc 105 is supposed to have four information storage
layers. However, Gthe present inventiorn can alsc be used
effectively in an optical disc with mcre than four information
storage layers. In that case, the former relation described
above is satisfied if n is the number of information storage
lavers included in the optical disc and is an integer that is
equal to or greater than three and if k is an integer that
sarisfies 15kEn-2.

forie} On the other hand, according to the latter relation,
the radizl location difference between the inner peripheral

£ Lo th

end of <he inner one of the test write =zones of & and

74



information storage layers LO and Li. Then, the user
data can also start being written more quickly.
(EMBODIMENT 4) [0139]Examples of storage media
. . . . . h CTAIPZ009/003782
to which the present invention is applicable inclide
Blu-ray Disc (ED) and sundry other optical discs
compliant with different standards. in the following
(x +1dEscrigtiom taprappficatfoniofan opficat disc is an integer
according to the first or second preferred embodiment
cthat gptHefpreseRkinvertiontd B EDWHF be deberibe s °F the
a fourth preferred embodiment of the present
otheqngBifon &l pafadieterss [BIA61BDS gr&2 " 2" *he
‘ clagsifiqg acgogging to trllae Pf9@eré¥e°fi%%il re{g&rgj}gg&l end
294 §50 VANOUS Tpes Examples of those various
t%gplsml"z%cr:lugz?ea%l:[géRQﬂ_'\élt(rggngnL@‘!e% BCQ-R X' +13% and
write-once), and a ED-RE (rewritable). And the
(v +Fr@sentinvention.is applicable £o any tyPeALED Qfripheral
an optical disc compliant with any other standard, no
ena JRatter whethesdhe storage: medium is a ROM
(read-only), an R (write-once) or an RE (rewritabie).
[012$ﬂa"]ﬂs a result, with the influence o©f another

information storage layer on the test write zone minimized, a
test write operation can be performed appropriately on aach
reat write zone and the recording power can be determined
properly for each information storage layer. In addition, the
lead-in area can be reduced and a sufficiently wide data area
can be secured.

[0121} Optionaily, if the light transmitted through the
information storage laver L3 affects a little the information
storage layer L1, then the radial gap between the test write
zones T1 and T3 of the information sterage layers L1 and L3
may bé reduced as in the optical disc 107 shown in FIG. 11,

Although an example in which there is nc radial gap between

75



PCT/W2009/003782 optical constants and physical
formats for Blu-ray Discs are disclosed in -Blu-ray
Disc Reader" (published by Ohmsha, Ltd.) and on
White Paper at the website of Blu-ray Disc PETAR2003/003782
Association (http://www]blu-raydisc.com), for
example. [0141]specifically, as for a BD, a laser
the Beamwith aswavelength of approximvatehr405 - 11, the
(which may fall within the range of 400 nm to 410 nm
test suppesiwythétoleranéecoferoreisesHmeity partially
respect to the standard value of 405 am) and an
overlgpjettive 1ehs-with G NAZ(RtnTerical dperttite) ‘Gpe—" ==
approximately 0.85 (which may fall y\éi(tjhirétge raggqof L
can PBAD 6°66°St P Ssihg the foferancd of errorsis ~ © °°%°
e SGQQfgl with respect to the standard value of 0.85) are
(7¢&d. A BD has a track pitch of about 0.32 gm (which
ro1z4T0ay fall within the rapge,0£0.310.19.0.33QJL Mhrougn  the

supposing the tolerance of errors is -It 0.010 rim with

infoRSRELt I%ﬁha%ét@&dér@yadgﬁe@{f@LS&Q&rm and hasormation
one or two information storage layers. R BD has a

storSinglesidechsinglezlayer arasinglessided thsaldayeron the
structure on the laser beam incident side, and its

infostorage planeoristorage layerisslocatad &t adepthcofation
75 gm to 100 gPm as measured from the surface of .

storape protechive coating of the BD 0 FALTAHriteceigiial "=+t
is supposed to be modulated by 1722 modulation

zoneqeBRnigtieTRetordifig Marke e sippGded o fiavé® 2 *°

and the radial gap between the test write zones I3 and T2 may
be reducsd as in the optical disc 108 shown in FIG. 12,
Although an example in which there is no radial gap hetween
the test write zones PO and T3 is illustrated in FIG. 12, the
Test write zone T3 may also be arranged so as Lo partially
cverlap with the test write zone TO. Then, the lead-in area
can aiso be reduced and 2 sufficiently wide data area can also
be secured.

01237 in the first and second preferred embodiments, Lhe



the shortest mark length of 0.219 pm or 0.138 pm

(which is the length of a 2T mark, where T is one

cycle of a reference clock pulse and a referencl% P00/

period of modulation in a situation where a mark'is =

recorded in accordance with a predetermined

modulation rule), i.e , a channel bit. length T of 74.50
optidam 0f69.00 nmarfFhe:BD hasa storage tapacitypofibed as

25 GB or 27 GB (more exactly, 25.025 GB or 27.020 _
havir@B)ifet isa Singlensided; ‘Singleiayer dist but Hagges, e

storage capacity of 50 GB or 54 GB (more exactly, .
presan OGGBLHF 545040 CB) i is'd¥iigle Siaéaese specific

_dual-layer disc. [0143]The chann,ellglock frequegcc)é's dise

prefeifPosBi 16' 6866 MHZ *{¢6HéSponding 6 a Shannel "

blt rat'e of 66.00Q MbIUS a gozszta*‘ngzgaggsgqurign%[gé oY more

ent

e 5B IX) ,pfgieR/IleD%correspbnding to a channel
intoRitrate of 264,000 Mbitrs) at BD 4x transfer rate, 396
MHz (corresponding to a channel bit rate of 396.000
Mbit/s) at BD 6x transfer rate, and 528 MHz
(corresponding to a channel bit rate of 528.000 it/s) at
rvedBSX transfer rate. [0144]And the standard linear
velocity (whimr, will also be PCTBP20091003782
1012 referredtoiherein, as*yreferen cedimearvelodityt omformat ion
"IX") is supposed to be 4-917 m/sec or 4.554 m/sec.
writifle 2xvidR; 6 and B ITeArvelGfies are'9.834 @ vwriting
m/sec, 19,668 m/sec, 29.502 m/sec, and 39.336 ,
methofy/Eag, FeRFactively ™K firfear VeIotify nigher than the =" "
___ standard .,Iin%ar, yeloci}y isnrégrrpoalbé a Ec%Siti\é?JQrtSer?lmings.
WL RSmiSEF of fimés s igh s the standard Tinear
FLG. VEJOP sltya %P{Ectp %Iéagzt% dﬁ%s@%’!{ﬂ%eam g%cﬁgépjtgwgenrr;mng
but may also be a positive real number. Optionally, a
sevilineggovelocity thatis lower.than thesstandarddine@r present
velocity (such as a 0.5x linear velocity) may also be
invelqg_fm.ed- @1&451]*&5&@&@1 be:mﬂlﬁ@] thatitheseo can r=zd and
parameters are those of single-layer or dual-layer
writBs-already on thesmarketysthickh rave® steragerical head
capacity of approximately 25 GB or approximately 27
303, GBlpeniayen Tofurthepincreast thesstoragesection 305, a
capacities of BOs, high-density BDs with a storage .
readcapiiity of BpproxinfateRF32 GB of Approximatelys  =+2n!
33.4 GB per layer and three- or four-layer BDs have =
procgifeddy been tedlarchdttand d&elbped Heteinafter, = ° °
exemplary applications of the present invention to

C¥U &%th BDs will be described.
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PC171P2009/003782 <Structure with multiple
informat.ion storage layers> [0146)For example,
supposing the optical disc is a single- sided disc,
from/on which information is read and/or ertteﬁCB
having a laser beam incident on the protective
coating (cover layer) side, if two or more information

[oc125toragedayers ieedite beoprovided, thien theseslready been
multiple information storage layers should be

descgirahgedietvieer: the sgbstrater afrd the profeetive: of the
coating.An exemplary structure for such a multilayer )

presefiscE SHOWh in F1G 12 PrREPoptitarast &Row i if ortteat
FIG. 14 has (nel) information storage Iayers 502

Hse (ier@n FEanitEger that I$nSFETRAR Yeroj. "5t 25 ¢

Lousopecifically, in this optical disc, a cqyer layer 501,
i ff |nfor¥natlon Stofa g%klayers layers Ln througéﬁ Pprieat

disc L3(82 SQZ’“ange%cscléxp§Hx%ge §QQ:c,a;Lr%/Sta%%d ABttlmél nead 303

order on the surface on which a laser bean 200 is
Arradmgg@nﬂghé‘l%tp@;wqg@@%h pair:of adj %&nt&&esaeﬁ also
the (ril) information storage layers 502, inserted as an
conveapticakbuffesing memberds a.spaserdayerb03=d hatem the
is to say, the reference layer LO may be arranged at
optidhe deepest level thatisfocated atapredeteniined it as 2
depth from the light incident surface.e., at the
read gragtest diStancefronrthecightSoarce}orMitlfiptentrots the
information storage layers Li, L2,and Ln may be

irradiation power of the 1light beam *that has been supplied

?7(}09.’00378”

from the optical head 303 in accordance with the instruction
given by the CPU 308.

f0l1z2el The servo section 305 controls the positions of the
optical head 303 and the light beam emitted from the optical
head 303, performs the focus and tracking contrels on the
light beam, and controls the rctatien of the spindle motor
302. The read signal binarizing section 306 subiects the read
signal generated by the optical head 303 (of which the dats

information is a sum signal and the information about the disc
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stacked one upon the other from over the reference
layer LO toward the light incident surface. [0147]In
this case, the depth of the reference layer LO as
measured from the light incident surface of the T F/03782
multi-layer disc may be equal to the depth (e.g.,
approximately 0.1 mm) of the only information
infoStorage layer ofda stgledayer disciasimeasuredfrom) to
the light incident surface. If the depth of the deepest
anpLiairerthe mostdistantiayer) iscconstastdarraspectiyanarized
of the number of storage layers stacked (i e., if the
signgdeepbstiayerof eemfttayerdise i§ioeatae at» 30 gets a
substantially the same distance as the_onl¥ ,
clochnisritatiorf Si6rAg layer of'a sifgietfayer disc)*°t "™
compatibilityhcag be ensured in accessing the

synchrgnous inarize

B th the b rzed signal R . .
reterende Tayer, o matter whether the given disc is a

rorzN9lezlayer; one or a multilayer ong, in aqadition,GVen, ...
it the number of storage layers stacked increases, the

the iﬂﬂg%g Oii@ﬁéﬂ Illt}aa@ydwﬁé§@d Tﬂ@e@ Q@C@Q@Qﬂulation
although the deepest Layer is affected by tilt most,

ana dhe depthofthe deepeast layer of armultdayer=disedSdigital
approximately the same as that of the only

signdnformatiemsterage:-P GT/\M2009/008£82dayeroba written
single-layer disc, and does not increase in this case

to  ag¥endf the nunberof storagfedayerdsstacket igredeternined
increased. [0148)As for the beam spot moving

kind difeBEOHEVAIEN WIIFEISE & Teferrad theréiy ase Mot
“tracking direction” or a "spiral direction ), the og_tjcal o

£he S Mg Bt BitHE 3 Baraiie] Patii type or ah Spposits” “*°

:neo PRI 1D, In 2 disc of the parallelpath type, the.spof,. ..,
gges in the"same direction on every layer, I.e., from

me%ﬂﬁ% inpgr radial location toward the outer.edge of o cne

e disc or from some outer radiel location toward the
cpr:dONEr edge ofdhedisc onsevery. informatian steragecbrained
layer. [0149]On the other hand, in a disc of the
£rom QPPOSIte oath bypeithe spat moving diyections are storsd in
changed into the opposite one every time the layers
advari@escan are changeekfromrarsinformaton storgige cptically
layer into an adjacent one, For example, if the spot
modu g theirefefaheedlayert @YeesHromisonié ifidr contribute
radial location toward the outer edge (which direction
o E3#HIH bk Biniphf FeférEd fo herein as "outward"), then
the spot on the information storage layer LIwillgo
(012%r0m Soé DUt ratial idtation toward the infer edge " "°
(which direction will be simply referred to herein as
"inward"), the spot on the information



PCTIJP2009/003782 storage layer L2 will go
outward, and so forth. That s to say, the spot on the
information storage layer Lm. (where m is either zero
or an even number) will co outward but the spotorf2**057#
the information storage layer Lm+1 will go inward-
Conversely, the spot on the information storage layer
deviddmefaheredis either zem of-anevet-membeny witlwn ), an
go Inward but the spot on the information storage
appliayerckmad: willogo) oatvward o[t 50MAssfor thte (not shown) to
thickness of the protective coating (cover layer), to
send rpipimiZectie ipflirente of Spotthistotion aus terfier
a decrease in focal length with an increase in .
(022 Humeiddl afertdreé NI orthe filt: the froteend8® 1o *oaded
_ . coating may have ItS thickness reduced. A numerical
with A0&rfiive \A 1S 8efined to be 0°45 for a CB, 065 fora o
and %VDé@nyg agé)cr‘g?(c!mag%y Pnsg’g”igg atEeD'og*Q{cgﬁgamBIcp’BOB to
the information storage medium has an overall

scan thigkness.of approximately 1.2 mmathe PLotectivg on  the
coating may have a thickness of 10 gm to 200 pm.

infoMare specifigally ., a;single-layer disednay-inelddeazdiztion
transparent protective coating with a thickness of

powe @pproximately-0<k 1men and-aisubse with-a thicknesson such
of approximately 1.1 mm. On the other hand a

as id:ﬂaﬁak}y@p digout the irradiation power to adopt when a

write operation is performed on the information storage layers

LO, L3 and L2.

{01301} On receiving a write request from the nost unit 310,

the light beam control section 304 and the servo section 305

make the cptical head 303 scan the test write zone T0 in the

lead-in area RO of the information storage laver LO with

predeternined irradiation power. Meanwhile, tThe CPU 308

specifies the irradiation power for performing the test wrlle

cperation for the light keam control section 304 and gets test

data written by *he optical head 303 with multiple different
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PCT/3F2009/003782 may include a protective
coating with a thickness of approximately 0.075 mm,
a. spacer layer with a thickness of approximately
0.025 rrn and a substrate with a thickness of ~FCeTAF096I782
approximately 1.1 mm. <Configuratdons for
single- to four-layer discs> t0151]FIGS. 15, 16, 17
irracaB€il8 iHustrateexemplaryconfigurations:fernining, based
single-layer, dual-layer, three-layer and four-layer
on tigisos;orespectivelyliAssdestribed abbveyibthgenerated, the
distance from he light incident surface to the
recodifefefitelalertd BSuppssed t6H5ecomstantPeack™ed °»

of these discs may a
the data area DO of tha information storage layer LO.

f0131} The same series of operstions are also performed on
the information storage layers Ll and L2, toc. Specifically,
the iight beam control section 304 and the servo section 305
make the dptical head 303 scan the test write zone T1 in the
lead-in area Rl of the information storage layer Ll with
predetermined irradiation power. Meanwhile, the CPU 308
specifies the irradiation power for performing the test write
operation for the light beam control section 304 and gets test
data written by the optical head 303 with multiple different
irradiation powers and then read, thereby determining, hased
on the error rate and iitter of the read signal generated, the
recording power to use when a write coperation is performed on
the data area Bl of the information storage layer L1.

[0132] Subsequently, the light beam contrel section 304 and
the serve section 305 make the coptical hezd 303 scan the test

write zone T2 in the lead-in area R2 of the information
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total disc thickness of approximately 1.2 mm (but is

more preferably 1.40 mm or less if there is a label

printed) and the substrate 500 may have a thickness

of pproximately 1.1 nun. That is why the distangg 72"

from the light incident surface to the reference layer

LO will be approximately 0.1 mm. In the single-layer
stor-iSC shawn iMeFlGi4db (beemfdinble. 14) theacover power.

layer 5011 has a thickness of approximately 0.1 mm.
veanvifi the dual-leyeruiscsshoninan FiG. 16-feiftier ipover for

FIG.
performing the test write operation for the light beam control
section 304 and gets test data written by the optical head 303
with multiple different irradistion powers and then read,
thereby determining, based on the error rate and jitter of the
read signal generated, the recording power to use when a write
operation is performed on the data area D2 of the information
storage layer L2, In this manner, the recording powers for
writing information on the respective data areas DO, D1 and D2
of all three information storage layers LO, Ll and L2 are
detrermined.
10133] Next, by irradiating the disc with a laser beam with
the recording power thus determined, user data gets writften on
the data area DO, Di or D2 of each information storage layer
LG, L1 or L2. In this case, the irvadiation power that has
heen determined for each information storage layer through the
procedure described above is used.

{0134] When the user data that has been written on the data

srea DO, DL or D2 of each information storage layer LO, Ll or

[6+]
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14), the cover layer 5012 has a thickness of

approximately PC177310091003782 0.075 mn and

the spacer layer 5302 has a thickness of

approximately 0.25 mm. And in the three-layer disc

shownin FIG. 17 (e., if n==2in FIG. 14) and in the ,
12 Peogs irlaySr dise shown'in FIG. 18 (6., %%az ﬁheﬁlé?*'e“es o
‘ 14), the cover layer 5014 and/or the spacer layer = =
LREOTIESG MY B even thinner. [D150]AIS; in 8 =" =@ ©he ueer

, recorderlﬁ)la er that uses an olg)tlcal head u&cludgrgg an ..

dat e i ©h d 2 Dl..or D
ate 13pisefive 18hs Witha high NA, AberfatiGhs Such asa

e sghericgl abertra,tion to be produced due to the
Sorma iR &84 FroR thelight incident surface of the disc to
the information storage layer will se ouselglcy.%

10135 I ih referre embadipent d iked bove, the
0135] atfectqualify GF81558F bea 1o Be Corverged Bn the
. information st%ra e Iayedr. tIrizor that reason,(;sugh an 4
te: write nes E I} Are @Sl sed .To e arrange
“est Whpparatli§is provided With meds forEsirecting stich ’
aberrations to be produced due to the thickness. o
only on the inner periphery of the disc. Optionally,
additional test write zones may also be arranged on the outer
pariphery of the disc. Also, when a write request is
received, the recording power for performing a write operation
on the data area DO, DI or D2 of every information storage
layer LG, L1 or L2 is determined in the preferred embodiment
described above. However, 1f the CPU 309 has decided that it
should be enocugh to perform a write operation only on the
information storage layer LO to get every piece of information
written, then only the irradiation power for performing a
write operation on the dats area DO needs to be determined.
Then, the user data can start being written in a shorter time.

[0136] Furthermore, in the preferred embodiment described

above, when a write reguest 1s received, the recording power



[0153]To eliminate the aberration components such
as a spherical aberration to be produced due to the
thickness from the surface of the protective coating of
an optical information storage medium to the = F-7#F209/003782
information storage layer from/on which information Is
read or written, the aberration correcting means
for generales an aberationrthatwillcaneelthe areas of every
PC111192009/003782 aberration component that
infornasibeern pragducedtbyieathdnforprationestoragethe C2U 308
layer. Such an aberration correcting means is
nay  @riginaly destigreeropticalipse astovretiticeé the nformation
aberration with respect to the information storage
ST AR e O siffylefagBr strtictiire* Snd st t4kes intger Fo=med
account the aberration to be produced whena | !
eaxrllest all g cLarqine Tig Lac] J i 5 . Cne @
VfSad it dheration is petformad onak ihtormation”
storage medium yith a dual-layer structure, The

information: The user data can

minimum_ abérration point designed I1s defined to be

sLartl%tr%dv%@tggmgrgffﬁ:lqgr:@&,mately 80-90 m as
measured from the surface of the protective coating.

ro137khat isswhy. i e /weitedadiation.needsto-beion snould ve
focused on an information storage layer, of which the

perfdiepthds notegqualdo:-the mirimuatr aberrationrpeint; of the
then an appropriate aberration correction value

threeshotidrizeiset forAsat iformationsstorage Jayer Bysc. then
controlling the aberration correcting means.

the  «pgDF§Physithl stATERE> [0IS41RIG PTOMfSateg times
the physical structure of an optical disc 510 according

°"era€olthf§lb?ef§rrféé‘%ﬁiﬁoaﬁ%%ﬁﬁ d?fpt a long time before his

or her data is ready to be written.

[0138] To aveid such a situztion, multiple combinations of
specific information storage layer(s) on which the test write
operation needs to be performed and the number of such
laysr{s) may be prepared in advance, Therr, the CPU 3092 may
determine whether or not the write operation should be
performed on more than two storage laysrs. 2And if the answer

ig NO, the test write operation may be performed only on the
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the disklike optical disc 510, a lot of tracks 512 are
PCT3P1009/003781 arranged either concentrically or
spirally. And each of those tracks 512 is subdivided
into a lot of sectors. As will be described later, Hat& &%
supposed to be written on each of those tracks 512
on the basis of a block 513 of a predetermined size.
info k55 The optical dise 540:0f this preferreche user data can
embodiment has a greater storage capacity per
also infermation storage: layer thanka:xconventional optical
disc (such as a 25 GB BD). The storage capacity is
increased by increasing the storage linear density,
e.g., by shortening the mark length of recording
(EMEGHARE td'be left on the optical disc, for example. As
. 0used herein, -to incre;masre the storage Iin%%r geQ%i;y-
0t heand 8RBHENIRG the CASANET Bif length. Which is a
inver!g'n c%thigoggae§gc%‘]n ICD g}%%]g.)l%g (:Es\ﬁ%l-—ergwgi-gcc’f(gb_) and sundry
reference clock signal (i.e., a reference cycle time T
otne0fModulation a siyat where marks auntecarded:by:. 1
a predetermined modulation rule). The optical disc
the 2EQJNAY have multiple inforpatiea:storage layersilal disc
the following description, however, only one
accodffesmatiansstorage layertheteofayilbeidegerlredsfop? the
convenience sake. in a situation where there are
pr@smumjpj-eerpgwmog/ws?gll be described as a Tourth

present

preferred embodiment of the present invention:

<Main parameters>
(01403 Bhs are classified according te the property of
their recording film into wvarious types. Examples of those
various BDs include z BD-ROM I(read-only), & BD-R (write-oncej,
and a PBD-RE (rewritable). And the present invention is
applicable to any type of BD or an cptical disc compliant with
any other standard, no matter whether the storage medium is =a

ROM (read-only), an R {write—once] ©x an RE (rewritable). Main



information storage layers in the same optical disc,
even if the tracks have the same width between the

respective information storage layers, the storage
. . . PET/IP2009/003782
linear densities could also be different from one layer

to another by u formly varying the mark lengths on a
layer-by-layer basis. [0156]Each track 512 is divided
opt i citocarot-af blocks Gl3ievery G44kB (kitolteszwhichs are
is the data storage unit. And those blocks are given
disciseguentistblock atidresseds T ath ol tHoSe BIgEREB1 3 -
is subdivided into three subblocks, each havinga =
and gyr@geterfiped Rength. THE tHre¥ stibbligeks die #osoeaton
assigned subblock numbers of 0, 1 and 2 in this
(ht tep iy Lobsrige-densilys [0Ts7{H&réinafter, the
storage density will be described with referenc -
””‘riles%ﬂ“bc(hﬁf“ (Y, Koardos [%’%siﬁé%%%(%& s

uravellgrliquchlato%saap%r%):gzmeLe_?fé%525mG ﬁuﬁ@m anE}WE]J‘J@h L%hiﬁ the
laser beam, 200 is supposed to have a wavelength of

range4g§ &y %dtthq @ﬁ@@%@&@l&@%@d&su@ﬁasedamerrors is
have a numerical aperture (NA) of 0.85.

4+ 5 nm with vespect to the standard value of 405 nm) and an
obrigctive lens with an HA (numerical aperture) of
approximately 0.85 (which may fall within the range of 0.84 to
0.86 supposing the tolerance of errors is +0.01 with respect
o the standarc value of (.85} are used. A BD has a track
pitch of about 0.32 fm twhich may fall within the range of
0.310 to 0.330 4 m supposing the tolerance of errors is =
£.010 f#m with respect to the standard value of 0.320 pm) and
has one or twe information storage layers. B ED has a single-~
sided single-layer or a single-sided dual-layer structure on
the laser beam incident side, and its storage plane or storage
layer is located at a depth of 7% fm to 100 Mm as measured

from the surface of the protective coating of the ED.

B&



[0159]As in a DVD, data is also written on the track
512 PCT/N2009/003782 of a BD as a series of

marks 520, 521 that are produced as a result of a
phys al variation. The shortest one of this series of 0T

marks will be referred to herein as the "shortest ma .

In FIG. 20(a), the mark 521 is the shortest mark.
161440160Hn«aiBD with-a storagerecsgsacity ‘of 26¢GBLtHey 17°F
shortest mark 52 1 has a physical length of 0.149 gm,
moduwhich iseapproximatéRr 1P ofthes SRETtESERTAFK of Pave

a DVD. And even if the resot on of a laser beam is
the ihersased By cRINGIhG harartietérd 6f an'optiddt (“hie *e
 system such as the Wavelength (405 on §nd the NA
the orghy, thidvalulis sl ather dlosé fothe fimit ofop
cioof 1E30I 0N, below which fecording Mrks,ate 00.o- 1
forfger fecognizableé for the light beam. [0161]FIG. 21

Situ&ixlf!lil%grartﬁ%%z% Stgt%gNJﬁG%ggQgp&%g& SQQt accordance with a
predetermined modulation ruls), i.e., a channel bit length T
of 74.50 rm or 6%9.00 nm. The BD has a storage capacity of 25
68 or 27 GB (more exactly, 25.023 6B or 27.020 GB) if it is a
sipgle-sided, single-layer disc but has a storage capacity of
50 GBR or 54 GB (more exactly, 50.050 GB or 54040 GB} Lf it is
a single-sided, dual-layer disc.

(0143} The channel clock freguency is supposed to be ©6 MHz
{corresponding to & channel bit rate of 66.000 Mbit/s) at =
stzndard BD transfer rate (BD 1X), 264 MH=z {corresponding to a
channel bit rate of 264.000 Mbit/s) at BD 4x transfer rate,
396 MHz (corresponding to a channel bit rate of 3%6.000
Mpit/s) at BD 6x transfer rate, and 528 MHz [(corresponding to
a4 channel bit rate of 528.000 Mbit/s) at BD BX transfer rate.

{0144] and the standard linear velcocity {which will alsc be
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has been formed on the series of recording marks on
the track 512. In a BD, the light beam spot 210 has a
diameter of about 0.39 gm, which may vary th
parameters of the optical system. If the storagé"frr{mﬁ
density is increased without changing the structures
of the optical system, then thecord ng marks will
refeSRHNGIORREnsame spetsize ofedightrbeant.vSpot 218" is
and the read resolution will decrease. [0162]On the
suppcpthier handd PIG. 20() dludtrates:arrexafiplesf i ©x and
optical disc with an even higher storage density than
8 1p5GB B Buteeventof stich & dise, the ta8ef bgam 2°- 207
200 is also supposed to have a Wavelength of 405
n/sehmagfid e’ objettive 1ergsa30 s W¥o suppdsedto "o
have a numerlcal a ertureél A) of 85 .Among the

nigh ear Ve normall 1% a
ig esf:erles Bf Marks B‘ﬁl 55 of stich a disc. the shortest

posi lee ln%SanP a Bal%%lcgyenglgl OLQ 1’1:_1{3'15 Ujgn ‘the standard

Compared to FIG. 20(a), the spot size remains
llheﬁpm’%mﬁely OB%@ MGbLgaQQm th@e@%@'ﬁﬁma% be an
and the interval between the marks have shrunk. As
intearesult thereadgesolion:will decrease{0169]The11y, a
shorter a recording mark, the smaller the

linear velocity that is lower than the standard linear

/003782

velecity {such as a 0.5x% linear velocity) may also be defined.
01453 It sheuld be noted that these parameters are those
of single-layer or dual-layer BDs already on the market, which
have a storage capacity of approximately 25 GB  or
approzimately 27 GB Aper layer. To further increase the
storage capacities of BDs, high-density BDs with a storage
capacity of approximately 32 GB or approximately 32.4 GB per
layer and three— or four-layer BDs have already been
researched and developed. Hereinafter, exemplary applications

of the present invention to such Bls will be described.
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amplitude of a read signal to be generated when he
recording mark is scanned with a light beam. And the
amplitude goes zero when the mark length gets equal
to the limit of optical resolution. The inverse ndber e
of one period of these recording marks is called a
"spatial frequency"” and a relation between the spatial
frequeney: andithe signad anplitudéesis calledanayers>
"optical transfer function (OTE)". As the spatial
[014sfrequencyermses ethevsignralbamplittiele decréages @ single-
almost linearly.And the readable limit at which the
sidedafipglitudas! the Sigiial §oeE e is EallétfafPOPE v=itte"
cutoff. [0164]FIG. 22 is a graph showing how the OTF
by hgHaBD witha storage Eapacity Bf S5 GE ehanges 1
with the shortest recording marl&nggrEQii'[)ge&%gygl

2 Oromore ¢ lavyers

(coveg ofiienty of the shortest mark on a BD is
neea ARPIOXiMately 80% of, and is rather.close 10, Ae.O Tk age

cutoff frequency.It can also be seen that a read is al

layergep5%§§ﬁingath§r§t&1%g%5t g@%geha&%nmm;th@t g the
as small as approximately 10% of the maximum

srotcdetestable:amplitudesThe:stprage capaeity-at whichssch =
the spatial
multilayer disc is shown in FIG. 14. The optical disc shown
in FIG. 14 has (n+1) information storage layers 502 (where n
is an integer that is more than zero). Specifically, in this
optical disc, a cover layer 501, {n+l) information storage
layers (layers Lm through LO) 502, and a substrate 500 are
stackad in this order on the surface on which a laser peam 200
is incident. Also, between ecach pair of adjacent ones of the
(n+1) information storage layers 502, inserted as an optical
buffering member is a spacer layer 503, That is to say, the
reference layer LO may be arranged at the deepest level that

is located at a predetermined depth from the light incident

surface (i.c., at the greatest distance from the light scurce}.
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fency of the shortest mark on a BD is very close to

the OTF cutoff frequency (i.e., the storage capacity at

which the read signal has almost no amplitude)

corresponds to approximately 31 GB in a BD. W

the frequency of the read signal representing the

shortest mark comes close to, or exceeds, the OTF
moltiputoff-frequency, therhouit ofweptical resdlutionhaly may be

have been reached or even surpassed for the laser
stackbearns Aserresultothereadsighal comestsiave taver 10

decreased amplitude and the SNR drops steeply.
towarf) EBS| FHEE is W ftHe High Storage density optical

disc POT/JP20091003782 shown in FIG. 2%%)_ s

y

iy (255 pf the weld Tayer 1O
i-9*47v\/ouIdlﬂa%?ts%tbrabiéeIlﬁeé)apdpefngﬁf/ defime the 77

frequency of the read signal representing. t St ave
e WK sy B 1P Uy fhe ETE cutol” 7™
disc frgg}g%eﬁng%/ugle‘Efoit‘sj§elocygg£l‘th@ngb,UtaBQEcﬁég@ggﬁnRgYE. mm) of
lower than, the OTF cutoff frequency) or higher than
ne 4D OTE cuteff frequency. [01661HG. 23ds1a-graph disc as
showing how the signal amplitude changes with the
neasSpatialdregquencyrin ansittratiomwhere thes spatigkpth of the
frequency of the shortest mark (27) is higher than the
seep<OT Fleutoff frequencyand-whetestiie 27'read sighalconstant
has zero amplitude. In FIG. 23, the spatial frequency .
Lrregftiérshoftésemark2T9s 122 hesashighi agthe = **
OTF cutoff frequency. <Relation between
the \ﬁé@é‘hgtfﬁ%ﬁﬂ ach‘fd rﬁari?‘iéﬁdﬁ?@r disc dis located at

ﬁmzt}{)wooz?sz
en

substantially the same distance as the only information
storage layer of a single-layer disc), compatibility can be
ensured in accessing the reference layer, no matter whethex
the given disc is a single-layer one or a multiilayer one. In
addition, ewven if the number of storage layers stacked
increases, the influence of tilt will hardly increase. This
is because although the deepest layer is affected by tilt most,
the depth of the deepest layer of a muitilayer disc is

zpproximately the same as that of *he only infermation storage
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[0167]An optical disc with high storage density needs
to satisfy the following relation between the
wavelength, the numerical aperture, and the
mark/space lengths. [0168]Supposing the shorf&§tF»2003782
mark length is TM cm and the shortest space length
is TS nm, the sum P of the shortest mark length and
1ayetheshortesispace:-length is AMIES €motn therease in this
PCT/W2009/003782 of 17 modulation,
case Re2T 4k2T=4{ldhddsing=the tbree parametersiof thincreased.
wavelength A of the laser beam(which is 405 nmrh5
[014§Un, i.@3 ifithehangeeof 400 N4 10 6t ithe (which will
numerical aperture NA (which is 0.85-eb0.01, i.e., in
a1s0 t1he rAAtE6F0.8Y (7 0°86) dhdthe &t ¥ of theotion” o 2
. shortest mark length and the shortest space length
S Rh et BT TR TAK ML 2AT Iif the' ask bf 177 " @ paratist
modulation, in whichthe shortest length.Is 2T), if.the . __.._
path unift lengt nf%'oeocsrlégsiéastfb %ﬁ%@boigf t%aﬁlfﬁe ir%le‘qhua &ii Beiel

path type, the spot goes in the same direction on every layer,
i.e., from some inner radial location toward the cuter edyge of
the disec or from some outer radisl location toward the inner
edge of the disc on every information storage laver.

[101489] " Oon the other hand, in & disc of the opposite path
type, the spot moving directions are changed into the opposite
one every time the layers to scan are changed from an
informatior storage layer intc an adjacent one. For example,
if the spot on the reference layer LO goes from some inner
radial location toward the cuter sdge (which direction will be

w

simply referred to herein as “ouitward”), then the spot on the
information storage layer L1 will gc from some outer radial

location toward the inner edge (which direction will be simply

referred to herein as “inward”), the spot on the information



(45:A/2NA is satisfied, then the spatial frequency of
the shortest mark exceeds the OTT cutoff frequency.
(0169]if NA= 0.85 and A =405, then the unit length T
corresponding to the OTF cutoff frequency is F~F2000572
calculated by T=4054(2)<0.85)64=59.558 on.
Conversely, if P > A /ANA is satisfied, then the spatial
stordbequeney of the shertest matk becomesdower tham: is to
the OTT cutoff frequency. (01701As can be seen
say, gasilypjustbytincredsing the storageslinear densitysze © is
the SNA would decrease due to the limit of optical
eithqpgeittion. Thatiswhyrit the htimpercgfrard but the spot on

the information storage layer Lm+l will go inward. Conversely,
the spot on the information storage layer Im (where m Is
either zero or an even number; will go inward but the spot on
the information storage layer imtl will ¢go outward.

f0150] Ais for the <thickness of the protective coating
{cover layer), %o minimize the influence of spot distortion
due to either a decrease in focal length with an increase in
numerical aperture NA or the tilt, the protective coating may
have its thickness reduced. A numerical aperture NA is
defined to be 0.45 for a CD, 0.65 for a DVD, but approximately
0.8% for a BD. For example, if the information storage medium
has an overall thickness of approximately 1.2 mms, the
protective coating may have a thickness of 10 #m to 200 Hm.
More specifically, @& single-layer disc may Include a
transparent protective coating with a thickness of
approximately 0.1 mm and a substrate with a thickness of

approximately 1.1 mm. On the other hand, a dual-layer disc
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PCTLIP2009/003782 information storage layers per
disc were increased excessively, then the decrease
in SNR might be an impermissible degree,
considering the system margin.Particularly arolird"
point where the frequency of the shortest recording
mark exceeds the OTF cutoff frequency, the SNR will
may Stakttedeecrease:steeply. [@17in the:foregoirigckness  of
description, the storage linear density has been
appraeserided by tomparingsthedredaercy ofthe refag ness of
signal representing the shortest mark to the OTF
approtitoffreqieticy "Homsver, Fe stérate density ot ess °*
PHs is fu increased, then the storage density (and the
2rprasthtage finearensity and the storage capacity) can
be defined based on the same principle as what has
just been described by reference to the relation

between the frequency of the read signal .. a: sco-
representing the second shortest mark (or the third

(15 Shortestmark pr angevep;shorter {gcording.mark) anthyrary
the OTE' cutoff frequency.

configurations for single-layer, dual-layer, three-layer and

009/003782

four-layer discs, respectively. Bs described above, 1f the
distance from the light incident surface tc the reference
layer LO is supposed to be constant, each of these discs may a
total disc thickness of approzimately 1.2 mm (but 1s more
praferably 1.40 mm or less if there is a label printed) and
he substrate 500 may nave a thickness of approximately 1.1 mem.
That is why the distance from the light incident surface to
the reference layer LO will be approximately 0.1 mm. In the
single~layer disc shown in FIG. 15 (i.e., 1f n=0 in FiG. 14),
the cover layer 5011 has =z thickness of approximately 0.1 mm.
In the dual-layer disc shown in FIG. 16 {i.e., if n=1 in FIG.

14), the cover layver B012 has a thickness of approxXimately
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<Storage density and number of layers> 10172]A BD,
of which the specifications include a wavelength of
405 m and a numerical aperture of 0.85, may have
PCT/W2009/003782 one of the following storagg"™-"*/ 3782
capacities per layer. Specifically, if the spatial
frequency of the shortest marks in the vicinity of
0. 07¢he:OBhcuteff freguency the st@gereapacityidoidss of
be approximately equal to or higher than 29 GB (such
approasi29:0:GBdalis - GBrot 23 GBdzi'GB); lapproXiatately~ n
equal to or higher than 30 GB (such as 30.0 GBdt-0.5
*16. GB or-80 GBdaFGBY: dpproktmatelyieqiid thoaf-taver disc
higher than 31 GB (such as 31.0 GB dc 0.5 GB or 31
shownGR TIGB)L%r AproxXimately eyuito of nigher tiar tave"
32 GB (such as 32.0 GB-da0.5 GB or 32 GBdal GB).

5014 and/or the spacer laver B304 may be even talnner.

(01523 Alsc, in a recorder/playver that uses an optical head
including an objective lens with a high NA, aberrations such
as a spherical aberration to be produced due to the thickness
from the light incident surface ¢f the disc to the information
storage layer will seriously affect the cquality of a laser
beam to be converged on the information storage layer. For
that reason, such an apparatus 1s provided with means for
correcting such aberrations to bke produced due to the
thickness.

[0153] To eliminate the aberration componsnts such as a
spherical aberration to be produced due to the thickness from

the surface of +the protective coating of an optical
information storage medium to the Information storage laver

from/on which information ig read or written, the aberration

correcting means generates an aberratlon that will cancel the



[0173]On the other hand, if the spatial frequency of
the shortest marks is equal to or higher than the OTT
cutoff frequency,the storage capacity per layer could
be approximately equal to or higher than 32 GBSt "
as 32.0 GE. 0.5 GB or 2 GBdal GB), approxinately
equal to or higher than 33 GB (such as 33.0 GBda0.5
aberdaB OF 33daBdah GBYrappraximatehrequaldo-es by  each
higher than 33.3 GB (such. as 33.3 GBaa.0.0 GB or
infoi33i3B Barat{gB),lapproximately eguabtorer figheprrecting
than 33.4 GB (such as 33.4 GB fEr-0.5 GB or 33.4.
meansG B igdi GBI approximatelyreéiial to o highép tigfuce the
34 GB (such as 34.0 GBdt0.5 GB or 34 GB:hi GB) or
abergh b BXIATAtyEaTal T GFhigherthalP 35 BB Euchve™ °* @
PCT/JP2009/003782 as 35. O GB1-.0.5 GB or 35 ‘
s GBTGEY TOT74IM tRIS caleCif the Storage densiy™ =
er layer is

aberzration’ Lo be produced when a read/write operation is
perfoermed on an information steorage medium with a dual-layer
structure. The minimum aberration point designed is defined
to be located at & depth of approximately B80-20 g m as
measured from the surface of the protective coating. That is
why if a read/write radiation needs to be focused on an
information storage layer, of which the depth is not egual to
the minimum aberration point, then an appropriate aberration
correction walue shcould be set for that information storage

layer by controlling the aberration correcting means.

<BD’s physical structure>
01541 FIG. 19 ililustrates the physical structure of an
optical disc 510 according to this preferred embodiment. On

the disklike optical disc 510, a 1ot of ftracks 512 are
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33.3 GB, an overall storage capacity of approximately
100 GB (more exactly, 99.9 GB) Is realized by the
three storage layers combined. On the other hand, if
the storage density per layer is 33.4 GB, an ové?%if AOOSISTS2
storage capac hat is more than 100 GB (more
exactly, 100.2 GB) is realized by the three storage
arrargyers combinednSuchla storage cdpacitypis alptbstt those
equal to the capacity in a situation here four storage
traciayd¥s, eachitravingd storage ‘densityscF 25 GB, Afev1t be
provided for a single BD. For example if the storage
descidspdityFperlager33 GBIRe sVerall Stordgb Eapatity” ™ ©*
is 3353=99 GB, which is just 1 GBﬁ(or)‘Iesg sr}palé% -
thosgh A6 GB 20 the BthePAdid, it the stérage o
densjtry er layer is 34 GB, the overall storage
Predtapacity i§ $4x3==102 GB, which is 2 GB (or less)
1015 bljlrge_ri,tpgnc 100 GB, Furthegmare, if the SIOMAGE crpodinent
ensity per?ayer Is 33.3 GB, the overall storage
has ga&%cdlitgils é@gﬁ::cggagl% ’p@mighf.@:ﬁmyog- Js@&né@r layer
less) smaller than 100 GB. And if the storage density
+han PErdayenis 33 GBydhe overall starage:capacitgassn) . The
33.4 X31 00.2 GB, which is just 0.2 GB (or less)
stordasgesthany PETOR2008/003782,::00. GB {075}l tinear
should be noted that if the storage density were
densingreased significantlys then itobuld e difficult to  Tecording
perform a read operation accurately because the
marksHgrtest hiarks sHob d B! féad inter fAthEr S&vere *° “o=¢
condit'ons. That is_xwmiﬁa realistic storage depsity that
rereifiould Teali?EdR Gverall stdrage capacity of 100 GB
_.or more without increasing the storage density too, .,
ek would b%%ﬁﬁfoxsibrﬁgtefyﬁ%%?z G%%£ Ia)%gr. rength
CO]ZJC&I;Q};'O?Il@]J!Qch_J§ %§§e¢§}bgopl%ahd[§p m@yf@éf&@lﬂ’i@!’:@ signal
tolayer structure with a storage density of 25 GB per

(i.e!aygr reference cycie time T of modulation in a situation
where marks are recorded by a predetermiped modulation rule).
The coptical disc 510 may have multiple information storage
layers. 1In the following description, however, only one
information storage layer thereof will be described for

convenience sake. inn @ situation where there are nultiple

E1)



or a three-layer structure with a storage density of
33-34 GB per layer. If the number of information
storage layers stacked in a disc is increased,
however, the read signal obtained from each of tHERE* ™
layers will have decreased amplitude (or a decreased
SNR) and stray layer will also be produced from
infodhOsSE.layers.dbe1-the sead signadebtained frarmseackyen if
information storage layer will be affected by a signal
the abtainedHiom anadjacent tayer). Forteat reasorrsifractive
three-layer disc with a storage density of 33-34 GB
inforperi RCHPIRZ009/0037 82| aferisadopted Hisfeadesf o1
a four-layer disc with a storage density of 25 GB per _
also |dyerd tRE T 0GETAll StBrafe PapHityofher by wnifermly
approximately 100 GB will be realized by the smaller
varviRgnBeret faydre ite S thre& Rstead B fodr) with the
influence of such stray light minjmized- That is.w.
95 isc rr%ﬁ‘r:\ufiélf:?ﬁ}?er%/@h%é‘sdgﬁf(\ég%gc{rejﬁfzc}e Ej31n5'1((§!;tve§r:'atlIglyogks o
everyStgtl‘?lgae,&aj‘Rg‘&lzyeQI ,aRzREQ%”I‘«Dat@A)! . ;&Q\ ng%u»eunit. And
minimizing the number of information storage layers
cnosStackad would, prefer athree-layer-disc.withastoragech of
density of 33-34 GB per layer. On the other hand, a
chosJisqmanuiasturer whe'd likeito realizean overdlbcks, each
storage capacity of approximately 100 GB using the
havigonventionalformat asdts-(l.e., storagedensilofss are
25 GB per layer) could choose a four-layer disc with a
assigtetageilensitygf<2s GB per fayef. i thishidnner,
manufacturers with different needs could achieve
their goals using mutually different structures, and,
and therefore, are afforded an increased degree of
flexibility in disc desigh. (817 7]Altetnatively, if the

[o1sT t Oraggegeiqggyep:gr lc%}éers?c%zig?w €;30:32 Q@lﬁ"f‘%ge described
the overall storage capacity of a three-layer disc will

+ien 08 8hort of 100.GB (be APREQXIMBEYra 22.

[0158] FIG., 20{a) illustrates an examplic of a 25 B BD, for
which the laser beam 200 is supposed to have = wavelength of
405 nm and the objective lens 220 1is suppcesed to have a
numerical aperture (NA) of 0.85.

[oL59] Ze in a DVD, data ig also written on the track 512
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PCT/JP2009J003782 96-96 GB) but that of a
four-layer disc will be 120 GB or more. Among other
things, if the storage density per layer is
approximately 32 GB, a four-layer bsc will have Rz 7
overall storage capacity of approximately 128 GB,
which is the seventh power of two that would be
of a iOcessedweasiy-.anc:cenvenienty by a computenn®n as a
top of that, compared to the overall storage capa ly
resulof approximately: 108:GB irealizethby s threstlagier of this
disc, even shortest marks could also be read under
seridpsafsepete conditionss TOFP8] That i ihyRhets théo-test
storage density needs to be increased, a number of
markgiffdreAt StofAdE dengities et tayer-(Sudi a8t ™ *
approximately 32 GB and approximately 33.4 GB) are
05 referdbly’ o#érey"& a5 r%uﬁi’ﬁé%%tigﬁ%a%%‘{haot%a i’sc%%'
manufacturer can design a disc more flexi con
shortSGopting one of those ﬁ%’b?ﬁgé %nt%]%goé gﬁ%ﬁi%ﬂén‘ﬁm' '
appro@@é{a@gmbgfzqgsgqra_gg |§M§!§e§1 afggggb&tfagy DVD. And sven
combination.For example,a manufacturer who'd like
i+ 10 increase-the overalstorage scapasity while, changing the
minimizing the influence of multiple layers stacked is
paras@ffered«an aptigniekokingrathreenlayerdiscvanelength (405
overall storage capacity of approximately 100 GB by
nm) PCTAN2009/0087821is value is still rather close to the

the

limit of optical resolution, below which recording marks are
no longer recognizable for the light beam.

[01i61] FTG. 21 illustrates a state where a light beam spot
nas beern formed on the series of recording marks on the track
512. Ir a BD, the light beam spot 210 has a diameter of about
0.39 pm, which may vary with parameters cf the optical system.
If the storage linsar density is increased without changing
the structures of the optical system, then the recording marks
will shrink for the same spot size of the light beam spot 210

and the read resolution will decreass.
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stacking three storage layers with a storage density
of 33-34 GB per layer. On the other hand, a
manufacturer who'd like to increase the overall
storage capacity while minimizing the impact off FE&4* "
performance is offered an option of making a
four-layer disc with an overall storage capacity of
[ p162approximately:-120 GBiorrmoreby stacking-fous an example
storage layers with a storage density of 30-32 GB per
arlayer, Jo1 7iNoratter whichhofithese tworstrgeiires ~han 2
is adopted for a BD, the best recording power can be
crldtermified foreatty irfefnatiGirstordye tager By 200 *=
using the optical disc structure of the first or second,
also SHERSARY BhibUGiMmert 6F ThE resditineftion™® 7=t ive
described above. That is why even if recording marks,, .~ -
ens LR A BEfordd Triore atturately to cope With an i
0.85 InC}!‘:goalsethtosrg .eeémo%arrmgr(?{gsgyé,a ﬂgt%ipgg%tlgrhisc, the

O
kh

ot

Z

‘can also be performed appropriately with the best

shortreesc"\:or(rjniar}g H}Iagsusq-gglél‘ %EHQAQQQLX [Q;LSQJ-EHQB Mo,

present invention can he used effectively in various
Compaty&eS:Qf itormation steragednedia-and[dnfermatiofsimately

writing devices, and can be ised particularly
0.30 offeGlivelstl &he recording marks and the interval petween
the marks have shrunk. As a result, the read resclution will
decrease.
10163] The shorter a recording mark, the smaller the
amplitude of a read signal to be generated when the recording
mark is scanned with a light beam. And the amplitude goes
rerc when the mark length gets equal to the limit of optical
resolution. The inverse number of one period of these
recording marks is called a “spatial freguency” and a
relation between the spatial freguency and the signal
amplitude is called an “optical transfer funcition (OTF}”. As

vhe spatial freguency rises, the signal amplitude decreases
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PCT/JP2009/003782 write-once or rewritable

information storage medium with three or more

information storage layers and an information device

compatible with such a storage medium. POTAPR000057E2

REFERENCE SIGNS LIST [018 DO, D1, 02, 03 data

area LO, Li, L2, L3 information storage layer RO, R1,
aimodR2, R3:leag-in aread TOnd i, k243 destwrite Zonehich the

amplitude of the signal goes zero ls called an OTF cutoff.
{0164} FIG. 22 is a graph showing how the OTF of & BD with
2 storage capacity of 25 GB changes with the shortest
recording mark length. The spatial frequency of the shortest
mark on a BD is approximately 80% of, and is rather close to,
the OTF cutoff frequency. It can also ba seen that a read
signal representing the shortest mark has amplitude that is
as small as approximately 10% of the maximum detectablie
amplitude. The storage capacity at which the spatial
frequency of the shortest mark on a BD is very close to the
OTF cutoff frequency (i.e., the storage capacity at which the
read signal has almost =no  amplitude) corresponds  to
approximately 31 GB in a 3D. When the frequency of the read
signal representing the shortest mark comes cleose o, or
exceeds, the OTF cutoff frequency, the limit of optical
rasolution may have been reached or even surpassed for the
laser beam. As a result, the read signal comes to have
decreased amplitude and the SNR drops steeply.

[0165] That is why the high storage density optical disc
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110 substrate 111, 112 spacer layers 113 cover layer

CLAIMS 1.An information storage medium with n

information storage layers (where n is an integer that

. . 100

is equal to or greater than three), on which data CHR"" e

be written with a laser beam and which are stacked

one upon the other,
shown in FIG. 20(k) would have 1its storage linear densily
defined by the Ffrequency of the read signal representing the
shortest mark, which may be in the vicinity of the OTF cutoff
frequency {i.e., it is lower than, but not significantly lower
than, the OTF cutoff frequency} or higher than the OTF cutoff
frequency.
[0166] FIG. 23 is a graph showing how the signal amplitude
changes with the spatial freguency in a situation where the
spatial fraguency of the shortest mark (2T) is higher than the
OTF cutoff fregquency and where the 27 read signal has zero

amplitude. In FIG. 23, the spatial frequency of the shortest

mark 2T is 1.12 times as high as the OTP cutoff frequency.

<Relation between wavelength, NA and mark length>
(0167} An optical disc with high storage density needs to
satisfy the following relation between the wavelength, the
numerical aperture, and the mark/space lengths.
[0168] Suppoesing the shortest mark length is TM nm and the
shortest space length is TS5 nm, the sum P of the shortest mark

length and the shortest space length is THM+TE nm. In the case
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wherein each of the n information storage layers has
a test write zone for determining the recording power

of the laser beam, and wherein when those n
. . PCT/IP2009/C03782
information storage layers are counted from the oné

that is located most distant from the surface of the
medium on which the laser beam is incident,
of 1therelisadigger ratiaml-tocation difference Betweensters of
the outer peripheral end of the inner one of the test
the wyritezones/of ith and (i=Bthinforntdtich storagfe nm=+>° .
layers (where i is an integer that satisfies 2S- i n-1) ,
i-e. antrthethnerperipherdlert of the* bthefouter fest <=
write zone than between the outer peripheral end of _
aver g iffer BHEHT tie testwiite zonés of thahd 03 )R %

0 I%%qrrggélophgt%ratg% |%)ée[§1$Wg§£§C£é§ a;r?a!:m{telga%r épagnd the
satisfies 1and the inner peripheral end of the other

s:hort%lé%ersge%gV\ﬂrela%eggb(?ngwngrénPlgfplrm%lgnlfe%q”{]ged@éﬁgeof 17
for performing a read operation on the information
nocs Storage medium oficlaim diest tengrn is 2Ty, if the unit
length T decreases te the peoint that the ineguality
PEA/2NA
is satisfied, Then the spatial freguency of the shortest mark
excesads the OTF cutoff frequency.
[D169] If NAa= 0.85 and 1 = 405, <then the unit length T
corresponding to the OTF cuteff freguency is calculated by
T=405/{2%X{3.85} /4=59.558 nm.
Conversely, 1f P > A /2MR is satisfied, then the spatial
frequency of the shortest mark becomes lower than the OTF
cutoif Irequency.
[017C] As can be seen easily, just by increasing the
storage linear density, the BSNR would decresase due to the

limit of optical resclution. That is why 1f the number of
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wherein the information storage medium has a
control area in at least one of the n information
storage layers thereof, and wherein the device
performs at least one of the steps of: retrieving
information about the information storage medium
from the control area and reading data that has been
inforkitten encamyeofthern informationstoragedayerswithiively,
recording power that has been regulated with the test
then Wiite zeneokthat |§y§r_m.ighé: be an impermissible degree,

PCT/AP2000/003782

considering the system margin. Particularly around a point
where the fregquency of the shortest recording mark exceeds the
OTF cutoff freguency, the SNR will start to decrease steeply.

{01711 In the foregeing description, the storage linear
density has been described by comparing the fregquency of the
read signal representing the shortest mark to the OTF cuteff
frequency. However, if the storage density of BDs is further
increased, then the storage density (and the storage linear
density and the storage capacity} can be defined hased con the
same principle as what has just been described by reference to
the relation Dbetweern the freguency of the read signal
representing the second shortest mark (or the third shortest
mark or ap even shorter recording mark) and the OTF cuteff

frequency.

<Storage density and number of layers>

(01727 A BD, of which the specifications incliude a

wavelength of 405 m and a mumerical aperture of 0.85, may have
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3.A reading method for performing a read operation
on the information storage medium of claim 1,

wherein the information storage medium has a

. . . POT/IP2009/003782
control area in at least one of the n information

storage layers thereof, and wherein the method
comprises at least one of the steps of: retrieving
one INfOrmation akoutthe information storage medican  laver.
from the control area and reading data that has
specibeen written oreany:ofthefmdnformationtStoraigpe test marks
layers with recording power that has been regulated
is igitheheitest-Write zore 6Fthattajer S INEORMATFORF -9¢
RECORDING MEDIUM AND

capacity couid be approximately equal to or higher than 29 GB
{such as 26.0 GB=*®0.5 GB or 2% GBX1 GB), approximately egual
to or higher than 30 GB (such as 30.0 GR*G.5 GR ox 30 GB=X1
GR), approximately egual to or higher than 31 GB (such as 31.0
cE+ 0.5 3 or 31 GBZ 1 GB), or approximately equal to or
higher than 3Z GB (such as 32.0 GB£0.3 GB or 32 GBx1 GB).

01737 On the other hand, if the spatial frequency of the
shortest marks is egual to or higher than the OTF coutolz
frequency, the storage capacity per layer could be
approximately equal to or higher +than 32 GB {such as 32.0 GBx
0.5 GB or 32 GE1 GB)}, approximately equal to or higher than
33 GBR {such as 33.0 GB£0.5 GB or 33 GBX1 GB), approximately
aqual te or higher than 33.3 GB {such as 33.3 GB£4G.5 GB or
23.3 GB*1 GB), approximately equal to or higher than 33.4 GB
(such as 33.4 GR=®= 0.5 GB or 33.4 GB=*x1 GB], approximately
equal to or higher thean 34 GB (such as 34.0 GB==G.5 GB or 34

GB-£1 C2) or approximately egual to or higher than 33 GB {such
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INFORMATION RECORDING DEVICE ABSTRACT
An information, storage medium according to the
present invention has n information storage layetsraooooi7s2
(where n is an integer and na3), on which data can
be written with a laser beam and which are stacked
one upon the other. Each of the n storage layers has
&8 353%eEtWrite Zofte for Getérmining the recording power
{017 4§)f theﬂr?'s&rits)egggé,\Nshzzeq:ggzoggo@alaé/eégrg!i%yc%%@teiqyer is
rom the one that i$ located most distant from the
3.3 syrfage of the medium on which the-laserbeamis, 100 os
cident, there is a bigger radial location difference
morebeieen the outeperipheral endof the inperene oftorage
the test write zones of ith and (111)th information
1zyerstarage-dayers ¢where bisan iateger thatsatisfiese density
2_,-12-1) and the inner peripheral end of the other
per louter testwfitezzome therr betvreerpthespatéky that is more
peripheral end of the inner one of the test write zones
than gPl CRNA() tFintéYatioh stofadgeiayers titvery ji§° *hree
an integer that satisfies 1[err]jlerr]-i-1) and the inner
storagar B BN BTHE Dther Butef 85t Tifite ZUHE Fighd ="

equal to the capacity in a situation where four storage layers,
sach having a storage density of 25 GB, are provided for a
single BD. For example, if the storage density per liayer is
33 8B, the overall storage capacity is 33X 3=39 GB, which is
just 1 GB {or less) smaller than 100 GB. On the other hand,
if the storage density per layer is 34 GB, The overall storage
capacity is 34X3%=102 GB, which is 2 6B {or less) larger than
100 6B. Furthermore, if the storage density per layer 1s 33.3
GB, the coverall storage capacity is 33.3X3w=85%.8 GB, which is
only 0.1 GB {(or less) swmaller than 100 GB. And if the storage
density per layer is 33.4 GB, the overall storage capacity is

33.4X3==100.2 GB, which is just 0.2 GB (cr less) larger than
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100 GB.

[0175] It should be noted that 1f the storage density were
increased significantly, then it would be difficult to perform
a read operation accurately because the shortest marks should
be read under rather severe conditions. That is why a
reailistic storazge density that would realize an  overall
storage capacity of 100 GB or more without increasing the
storage density too much would be approximately 33.4 GB per
layer.

[C1786] In this case, the optical disc may have either =z
four-layer structure with a storage density of 25 GB per laver
or a three-layer structure with a storage density of 33-34 GB
per layer. If the number of information storage layers
stackad in a disc is increased, however, the read signal
obtained from each of those layers will have decreased
amplitude {or a decreased SNR) and stray layer will alsc be
produced from those lavers {i.e., the read signal obtained
from each information storage laver will be affected by a
signal obtained from an adjacent layer). For that reason, if

a three-layer disc with a storage density of 33-34 GB per
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layer is adopted instead of a feour-layer disc with a storage

denslty of 25 GB per laver, then an overall storage capacity

of approximately 100 GBE will be realized by the smaller number

of layers (i.e., three instead of four) with the influence of

such stray light minimized. That is why a disc manufacturer

who'd 1like to realize an overall storage capaclty of

approximately 100 GB while minimizing the rnumber of

information storage layers stacked would prefer a three-laver

disc with a sterage density of 33-34 GB per layer. On the

cther hand, a disc manufacturer who'd like to realize an

overall storage capacity of approximately 100 GB using the

conventional format as it is {i.e., a storage density of 25 GB

per layer) could choose a four-layer disc with a storage

density of 25 GB per layer. In this manner, manufacturers

with different needs could achieve their geals using mutually

different structures, and, and therefcre, are afforded an

increased degree of flewibility in disc design.

[0177] Alternatively, if the storage density per layer is

in the 30~3Z GB range, the overall storage capacity of a

three-jayer disc will be short of 100 GB (i.e., approxzimately
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90-%6 GB} but that of a four-layer disc will be 120 GB or more.
Bmong other things, if the storage density per layer 1is
approximately 32 GB, a four-layer disc will have an overall
storage capaclity of approzximately 128 GB, which is the seventh
power of tTwo that would be processed sasily and conveniently
by a computer. On top of that, compared to the overall
storage capacity of approximately 100 GB realized by a three-
layer disc, even shortest marks could aiso be read under less
severe conditions.

[0178] That is why when the storage density needs to be
increzsed, & number of different storage densities per laver
{such as approximately 32 GB and approximately 33.4 GB] are
preferably offered as multiple options so that & disc
manufacturer can design & disc more Ilexibly by adoplting one
of those multiple storage densities and any number of storage
layers in an arbitrary combination. For example, a
ranufacturer who'd like %o increase the overail storage
capacity while minimizing the influence of multiple layers

stacked is offered an option of making a three-layer disc with

o

an overall storage capacity of approximately 100 GB ¥
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stacking three storage layers with a sterage density of 33-34
GB per layer. On the other hand, a manufacturer whoe'd like tc
increase the overall storage capacity while minimizing the
impact on read performance is offered an option of making a
four-layer disc with an overall storage capacity of
approximately 120 GB or more by stacking four storage lavers
witli @ storage density of 30-3Z GB per laysar.

[0179] Mo matter which of these two structures is adopted
for & BD, the best recording power can be determined for each
information storage laver by using the optical disc structure

of the first or second preferred embodiment of the present

=
=
o

F

invention described above. is why even i1f recording
marks should be formed more accurately to cope with an

increased storage linear density, & write operaticn can also

be performed appropriately with the best recording power.

INDUSTRIAL APPLICABILLTY

[01B01 The present invention can be used effectively in

various types of information storage medla and information

writing devices, and can be used particularly efifectively in a
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write-once or rewritable information storage medimm with three

or more information storage layvers and an information writing

device compatible with such a storage medium.

REFERENCE SICGNS LIST

[C181]

DG, DL, D2, D3 data area

L0, LI, L2, L3 information storage laver

RO, R1L, R2Z, R3 lead~in area

TG, Ti, T2, T3 test write zone

110 substrate

111, 112 spacer layers

113 cover layer



CLAIMS

1. An information storage medium with n information storage layers (where n is
an integer that is equal to or greater than three), on which data can be writien with a laser
haam and which are stacked one upon the other,

wherein each of the n information storage layers has a test write zone for determining
the recording power of the laser beam, and

wherein when those n information storage iayers are counted from the one that is
located most distant from the surface of the medium on which the laser beam is incident,

there is a bigger radial location difference between the outer peripheral end of the
inner one of the test write zones of " and (i+1)" information storage layers (where i is an
integer that satisfies 2=j=n-1) and the inner peripheral end of the other oufer test write
zone than between the outer peripherai end of the inner one of the test write zones of i and
(+1)" information storage layers (where | is an integer that satisfies 1 =j=i-1) and the inner

peripheral end of the other outer test write zone.

2. An information reading device for performing a read operation on the
information storage medium of claim 1,
wherein the informaticn storage medium bas a control area in at least one of the n
information storage iayers thereof, and
wherein the device performs at least one of the steps of;
retrieving information about the information storage medium from the control
area; and
reading data that has been written on any of the n information storage layers

with recording power that has been regulated with the test write zone of that iayer.
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3. A reading method for performing a read operation on the information storage
medium of claim 1,
whereain the information storage medium has a control area in at least one of the n
information storage layers thereof, and
wherein the method comprises at least one of the steps of:
retrieving information about the infermation storage medium from the control
area; and
reading data that has been written on any of the n infermation storage lavers

with recording power that has been regulated with the test write zone of that layer,



INFORMATION RECORDING MEDIUM AND

INFORMATION RECORDING DEVICE

ABETRACT

&n information storage medium according to the present

invention has n information storage layers (where n 1s an

integer and n=3), on which data can be written with a laser

beam and which are stacked one upon the other. Each of the n

storage layers has a test write zone for determining the

recording power of the laser beam. When theose n layers are

o
i

countad from the one Vthat i$ located most distant from th
surface of the medium on which the laser beam is incident,
thera is a bigger radial location difference betwsen the
outer peripheral end of the inner cone of the test write zones
of i™ and (i+1}™ information storage layers {where 1 is an
integer that satisfies 25i=n-1) and the inner peripheral end
of the other outer ftest wrlte zone than betwesn the outer
peripheral end of the inper one of the test write zones of

o

1% and  (J+1) "

information storage layers (where J is an
integer that satisfies 1%j=i-1) and the inner peripheral end
of the other outer test write zone.

Fig. 2
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