PCT/ JP2009/ 003782 DESCRI PTI ON | NFORVATI ON
RECORDI NG MEDI UM AND | NFORMATI ON RECORDI NGCTAP2009/003782
DEVI CE TECHNI CAL FI ELD [0001] The present
invention relates to an information storage
medi um on which information is witten by being
irradiated wth:a | asefcigaronMre
particularly, the present invention relates to
an information storage nediumwi th three or
mor e i nf or AREEP OB GY &§eCRalpEr SEandM D
information witing device that is conpatible
Wi th such angj b QENBHOR:SEQIAGE pEPEE: UM
BACKGROUND ART [ 0002] Various types of
i nformati on storage nedia, on which
TECHNAEML fRERIEN can be witten by being irradiating
with |ight that has been nodulated so as to
[OOOﬁ?preSﬁQJH%Pgﬁeﬁ@f9593££§@ht eﬂ5£é§ Q%uQﬁla nformation
[ aser ave been devel oped extensively
as neans for storing a huge anount of
storpgd omedtiton Athewsonh Bddwphesiof tiljoseritten by being
informati on storage nedia include a wite-once

lrraaﬂ&%%P2069/8 géggqmﬂgglu@%rgnpagtLCularly, the present

invention relates to an information storage medium with three

or mere information storage layers and an information writing

device that is compatible with such an information storage

medium.

BACKGROUND ART

[G002] Various types of information storage media, on

which information can be written by being irradiating with

light that has been modulated sc¢ as to represent the

information t¢ write (such as a laser beam), have been

developed extensively as means for storing a huge amount of

informaticn thereon. Examples of these information storage

media include a write-once information storage medium, on



whi ch information can be witten only once on
each particular area, and a rewitable PCT/TP2009/003782
i nformati on storage nedium on which
i nformati on can be rewitten an unlimted
nunber of times. Those two types are generally
whlcﬁahhggkﬁbtﬂMhlEgnoﬂgewfggﬂéﬁabnlgléﬁ E%Hjé%ch articular
rewitable optical disc" respectlvely 8
To increase the storage capaC|ty of an optlca
arcagdi ¢ed lgy Jeeapsabhel boimdstion issoapdef hediuynye on which
measure to take to get nmultiple storage |ayers
: 0 er. i [ -
info zﬁgghﬁ@l Qﬁrﬂ%\,&?‘“g%@%& b Onfy rﬁ%t;aegir%lng%g GAl Limes.
with two information storage Iayers are
Thosg| rteradytvaeai |zalsl ezer{e@@04y Sadhednaoptiré ak-dicse optical
has a test mwite zone for determning
ap I t f
dlsc ?%rﬁ%t?%ﬁr suc Q?%Qﬁgir%%%fdl%%S%%%EF@%¥ t he
anong other things) in each of its
[OOOBhforrﬁniﬂn@reaeeageeleﬁaaage kapagktivt iafgan optical disc
i nformation on an optical disc using an optica
by 1Q£§§ an bgﬁndét“%ﬂ'%%o glggféé% e ﬁéa qbzggke toc get
using t test' wite zone en rive
bei ng Ioaded with the disc or just before data
multigleactugakbby Weydrtsestenked . orkouperanipt exthRat énta single
Docunment No. 1 discloses a nethod for

opc L S 9oL 0. BAGE A DBNLGL B g vicn
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 stcrage layers. In
writing informaticon on an optical disc using an optical disc
drive, the recording power 1is optimized using the test write
zone when the drive is being lcaded with the disc or just
befcre data is actually written on 1it. For example, Patent

Document No. 1 discloses a method for determining the

recording power for a write-once optical disc.



Cl TATI ON LI ST PATENT LI TERATURE [0005] Pat ent

Docunent No. 1: Japanese Patent Applicati ofCTAP2009/003782

Lai d- Open Publication No. 2002-358648 SUMVARY

OF | NVENTI ON TECHNI CAL... PROBLEM [ 0006]

Pat ent Docunent No. 1 does disclose techniques

applicable to an optical disc with two

informati on storage |ayers but discloses

not hi ng about the structure of an optical disc
CITAZIPHN :h¥®e or nore information storage |ayers

(e.g., the arrangenent of test wite zones and
PATER®W b PrpiS@gshem anong ot her things). [0007]

It is therefore an object of the present

invention to provide an information storage
[CO0f@gdiumwith three or nmore information storage

| ayers, on each of which information can be

WELEL SN UDdR.@PRLOPEL abe, condi tions, And aksoon raid-

provide an Information storage device that is

conpatible with such an 3 PCT/JP2009/ 003782

i APor natildgasion dye ARER udREGBLUTI ON TO PROBLEM

SUMMARY OF INVENTION

[0006] Patent Document No. 1 does disclose Lechnigues

applicable to an optical disc with two infermation storage

layers but discloses nothing about the structure of an optical

disc with three or more information storage layers (e.g., the

arrangement of test write =zones and how to use them, among

other things).

[0007] It is therefore an object of the present invention

to provide an infcrmation storage medium with three or more

information storage layers, on each of which information can

be written under appropriate conditions, and also provide an

information storage device that is compatible with such an



[0008] An information storage nedi um accordi ng
to the present invention has n informati ofCTAP2009/003782
storage |l ayers (where nis an integer that is
equal to or greater than three) , on which
data can be witten with a | aser beam and which
1nfo§ﬁ§t§&@%ﬁ%@a ong.dipen the other. Each of the n
i nformation storage layers has a test wite
zone for determi ning the recordi ng power of
the | aser beam Wen those n information
storage |layers are counted fromthe one that
soruirton Of ipedepPgt distant fromthe surface of
the nmedi um on which the | aser beamis incident,
there is a bigger radial location difference
{000Bét weehr t Hafopuperorperitpheral mevdunf adwerdaner to the
one of the test wite zones of ith and (i+l)
presggt mﬁnﬁghoﬁaéto ﬁggrﬁtgﬁlﬂn s(:%%%@ e§ al(qwhere n is
I nteger that satls Ies 2: 2 tﬁe
i nner peripheral end of the ot her outer test
an iptpger Zoms timamdvetweenotr hgreiftsar thpar tpheeal on which
end of the inner one of the test wite zones of
datal &E aBg (Jlff@érh v\lllnghorarraltals%r} %tegtrnag dl WELP are stacked
(wnhere Is an 1nteger that satisfies
1-S|-|-1) and the inner peripheral end 4
one PCTt JPROGIIGE378Rachfof hehotrhénfouneridqrestorage layers
wite zone. [0009] Another information storage

has gf‘EFH{“v% déorlllga tggteﬂﬁﬁﬁ% { t&lgv§g£b?@1r{baspower of

east three rrratlon st orage

the laser beam. When those n information storage layers are
counted from the one that is located most distant from the
surface o¢f the medium on which the laser beam is incident,
there 1s a Dbigger radial location difference between the
outer peripheral end of the inner one of the test write zones
of i*® and (i+1)™ information storage layers (where i is an
integer that satisfies 2=i=n-1) and the inner peripheral end
of the other outer test write zone than between the outer
peripheral end of the inner one of the test write zones of
th

3 and (j+1)™ information storage layers (where 3 1is an

integer that satisfies 1=j=i-1)} and the inner peripheral end



| ayers. And there is a wider radial gap between
the respective test wite zones of a pair PEFIP2009/003782
adj acent information storage |layers that are
| ocated closer to the surface of the nmedium on
which a [ aser beamis incident than between the
of thESPECLI VR LESt ML i€ ZONes0f another pair of
adjacent 1 nformation storage |layers that are
| ocated nore distant from that surface. [0010]
100081 | | Anrvdthiear inApORHAroF toragadgechiedi gegrording to the
according to the present invention has n
prestEoeryéhggoﬁtQ&ﬂgeakaYﬁﬁéﬂ:(Mm§£§ DnESrifftion storage
Integer that is equal to or greater than
three), on which data can be witten with a
layelraser Bedm ahere whischaareldgrackediahe 4asonbehegeen the
other. Each of the n infornmation storage
. est ' ne.tor_.d I Rk :
rosny PR S2h Re Baver ot e Faserbeam Whan . ormatien
those n informati on storage | ayers are counted
storfigomahesondatt hat lechorhtedsapstodibeantrfagmoet the
the surface of the nediumon which the |aser

e 3506 003767 | QA oh i f ey Eiice Bot wan =" e

the inner peripheral end of the inner one of
respeheliteestenr i terizenesowss koli amebtliex| )patr of adjacent
i nformati on storage | ayers (where k is an

infok%ﬁéﬁgﬁ’skg§gge layers that are located more distant from
that surface.

[0010] Still another information storage medium according
to the present invention has n information storage layers
{where n is an integer that 1is 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 recording power of the laser bean. When
those n information storage layers 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



satisfies 1- k' n-2) and the outer peripheral
end of the other outer test wite zone th&ATAP2009/003782
bet ween the inner peripheral end of the inner
one of the test wite zones of kth and (k+2) th
informati on storage |ayers and the outer
I p f e i

e A i e L S PR
four and k is one. [0012] Still another

innepnf oreratdfon theor aget mediitm aceoedi mf 6" t ed (it 1) ™
present invention has n information storage

r th i S.eqgt

lnfo%$g€¥%5téﬁgt%§n 1?%3 ? H%%gﬁhl%ha%%témCaggt%éék that
written with a | aser beamand which are

satisfaekdd bRe-apoand hehotdueer Eacltplofralhend of the other
i nformati on storage | ayers has a test wite

oute{ ngfor qgtg rkﬁg%tqé%we%gokglngnggyeﬁsfhpheral end

asér ' beam 0s€ n i nfornat

storage | ayers are counted fromthe one that

of ths liopatednrpst dihst drttf Wontt heoses fatekBf aphe (k+2)
nedlun1on whi ch the | aser beamis incident,

1nf0fm§% cn s(fr€€%?§% ra%gsﬁge%hgcgh%on %&98§7§a1 end of
perlpheral end of the inner one of the test

the wrhdé¢e aorestebtkwtitandnek' +| )th information
storage | ayers (where k' is an integer that

[0011] In one preferred embodiment, n is fcur and k 1is
one.
[0012] Still another information storage medium accorxding

to the present invention has n information storage layers

(where n 1is an integer that 1is egual to or greater than

four), on which data can be written with a laser beam and

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

informetion storage layers has a test write zone for

determining the recording power of the laser beam. When

those n information storage layers 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



satisfies 1 < k' < n-3) and the outer
peri pheral end of the other outer test w iPEEIP2009/003782
zone than between the inner peripheral end of
the inner one of the test wite zones of
(k"+l)th and (k'+3)th information storage
Locat BYAT 81 ARG LDG %tt%eﬂe%@h%?er §9Ya{ edle end of the
er outer test wite zone t anot her
i nformati on storage nedi um accordi ng to t he
innepr esent oifnvemt i Greshaswiitianf epnati orf skbifagend (k7 +1)*F
| ayers (where n is an integer that is equal to
) at t j.ch.datg c
incofhe R BEort el TURE o BReg W ot e B CBeBBer thar
stacked one upon the other. Each of the n
satibff@r nhtl @n = sit-0) aged| ayer has peréghewnlt end of the
zone for determ ning the recording power of
othe&hgutgéqi Qe%”Bt¥%§$hé'¥% g Pe%gégiq§§|99n r perlpheral
torage layers are counte Fom t he oné th
| ocated nost distant fromthe surface of the
end pEdictm onnwhi e the 1iasearesbeami té szémrod dent(k’ +1) " and
the test wite zone of the third nost di st ant
formation. stor r t 11 .
< +ohe QUL TRHGE AT EHE At Fhan (hat Tof! (he eneral
nost di stant |nfor mation 7 PCT/JP2009/ 003782
end sforlagethayepptahi tdst svdiceatede cl oser to that
outer edge than the test wite zone of the

{OOl?E?OnQQHP%%o%h%%a9£fofﬁg§ﬁﬂpgkgpa§§Q&%g%mlgg ording to
the present invention has n information storage layers (where
n is an integer that 1s equal to or greater than three), on
which data can be written with a laser beam and which are
stacked one upon the cther. Fach of the n information
storage layers has a test write zone for determining the
reccrding power of the laser beam. When those n information
storage layers are counted from the cne that is located most
distant from the surface of the medium on which the laser beam
is incident, the test write zone ¢f the third mest distant
information storage layer is leocated closer to the outer edge

of the medium than that of the most distant information



[0014] In one preferred enbodinent, n is four.
[ 0015] Yet another information storage nediPGRYP2009/003782
according to the present invention has n
informati on storage |ayers (where n is an
integer that is equal to or greater than four),
' d an_b itte i I

B LR R G T SR o OO LS
of the n information storage |ayers has a test

thanw ithe zomet f orcidet ermai ngt t e r ecordiingnpownerdistant
of the | aser beam Wen those n infornmation

. st orage laye re counted fromthe one that is

lnfoF%%%?%bs%Ss?&gdﬁgfgn gfromthe surface of the
medi um on which the | aser beam is incident,

[001the test omel peezeanedobmbhéindnit,dnnost faist ant
informati on storage |layer is |ocated closer to

[OOlgze OQ&S! %g%%e OE ££¥ﬁ'¥?$nugkgp f Hﬂ%ﬁu%fa QS}ding to
decond Trost “di Stant” it or mat i on %?orage | ayer’,
which is located closer to that outer edge

the phaserntheirtvestionibtes zongfofrmtheod airddagrodbyers (where
di stant information storage |ayer is. [0016]

. Yet anqther inforoation storage nedi.um
t lsa@@oﬁ'%ﬁaefotgggPtﬁl7ﬁ§%39$60%$8§re??ﬁ5;ﬁ%ﬁﬁuﬁour)’ o
invention has n information storage |ayers
whicftwhere cani eanhintegemithata ilsasequaleato agri which are
greater than four) , on which data can be

stac%@&tagg “ﬂé&nat gsﬁﬁjgggn]a%%cwhh%? &€ n information
storage layers has a test write =zone for determining the
recording power of the laser beam. When those n information
storage layers are counted from the one that is located most
distant from the 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 o¢f the seccond most distant
information storage layer, which 1is lccated closer To that
outer edge than the test write zone of the fourth mest
distant information storage layer is.

[0016] Yet another information storage medium according to



stacked one upon the other. Each of the n
information storage |layers has a test w i tPET/IP2009/003782
zone for determ ning the recording power of
the | aser beam When those n information
storage | ayers are counted fromthe one that is
the #g é§9 SRR tl%hsﬁgytnf (ygrkggléyrg€g¥%g§flgpgrs (where
um on e | aser beam i ncident;
the test wite zone of the third nost distant
n ig pforimatioen stetage kayet is bocatedtat ogem tipur), on
t he outer edge of the nediumthan that of the
whchD% gn quornghlonthStor%g% l%%&%t ﬁﬁy(dhlch are
ocate closer to 't hat outer eég han 't h
test wite zone of the fourth nost distant
stackaf oromgt i wrorst ohageotteyer | $1ach0047] t¥et n  information
another i nformation storage nedi um according to

he present |nvent on. has i nfor |on tora
stortdf Re5¥hera® | LU0 FhtEger “That T's SQETIGS the

or greater than three), on which data can be
recowditd eppowairt v fa thasérsbeamand Whisch tapee n information
st acked one upon the other Each of the n
|nfoInat|on storag ﬁ ers .has

Stora yers are coun tq%:ﬂoepﬁggglg%ggg%ated most

deternrnlng t
recordlng power of the |aser beam The test

distamt tfrczones arefacar panged maddinmt val Wyiadi fcher 2aser beam
radi al |ocations and each test wite zone has

is i%cgcl:lgrrttal I tl}/e O‘EesStUbwralrteeaszone I}t osethlrd most distant

information storage layer is located closer to the outer edge
of the medium than that of the most distant information
storage layer, which i1s located closer to that outer edge
than the test write =zone of the fourth mest distant
information storage layer is.

[0017] Yet another information storage medium according to
the present invention has n informaticon 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 o©f the n information

storage layers has a test write zone for determining the



i nformati on storage |ayers are counted fromthe
one that is |ocated nost distant from thePCI/IP2009/003782
surface of the nmediumon which the |aser beam
is incident, an ith information storage |ayer
(mhere i is an even nunber that satisfies 2
recogdﬂﬁ ﬁ&awckhewltagekhﬁ ér@ser%&eac@stto%Eget%es are
i nner e ge of the medi um b e sub-areas of
its test wite zone are used toward the outer
arrapdge of miteadddi daffgrenttheagihér Lheaidongnand each test
(i-1)th information storage layer is scanned
ertg\d t%ntehehisasgr ltl% rcgftlgﬁ?og{‘ggs edgt\ehe%f those iy
t he medi um but e sub-areas of its test wit
zone are used toward the inner edge of the
infoppdiimm JGOE8F Amvenf ornat Fownteshdimn deéwi cee that 1s
according to the present invention perforns a
locaE&@qm%H?Qﬁ%%gﬂtO@rgﬂ %ﬁéo%ﬁ?ﬁ1a%n fskgga%gdium on which
di um according to any o e preferre
enbodi nents of the present invention described
the abowve befhels nforimgnicon shoidgénfedhamdrastarage layer
control area in at |east one of the n

information storage |ayers t Qege
wher%r%o}?ﬁgﬁnevq %ES ¥%?tt% Stéeg ; F Y lS scanned

retrieving |nfornat|on about the 10
with PCi¢ J P29/ 1008V 82> wardfl ahwmatinoar stogage! netdd umdium but
fromthe control area; and reading data that

the SQ§EB%%% m%'%%§ﬂx$%.%g o&ﬂ%ﬂﬁa@elggo q?Wﬁgg the outer
storage Iayers W recordi ng power

been regul at ed
edge of the medium. On the other hand, an (i-1)™ information

storage layer is scanned with the laser beam toward the outer
edge of the medium but the sub-areas of its test write zone
are used toward the inner edge of the medium.

[0018] An infeormation reading device according to the
present invention performs a read operation on an information
storage medium according to any of the preferred embodiments
of the present invention described above. The informaticn
storage medium has a control area in at least one of the n
information storage layers thereof. The device performs at

least one of the steps of: retrieving information about the

10



with the test wite zone of that layer. [0019]
An information witing device accordi ng t o PCHE20095/003782
present invention perforns a wite operation on
an information storage medi um according to any
of the preferred enbodi ments of the present
infogﬂg§ﬂ&{%&oggﬁgrﬁg§qmﬁqg%ﬁ_tEQe I!ﬁearea, and reading
eterm nes the recordi ng power o [ aser
beamusing the test wite zone of one of the n
dataj nflertmatien ksteor ageititaypersn aagd o i tes dat andprmation
that layer by irradiating the nediumwth the

ceorfBE P S D A SLPCOLEL DO PEE, oot

to the present invention is designed to

withpehé¢ orenta wiréeéd opee atfi orhagn lapef nf or mati on
st or age nediun1according to any of the :
00181 &f erx.ed sepbodiment s, o fhe present, LINEALLON,  he

scri‘bed "above 'h or tion  stor e

medi um has a control area in at |east one of

prestie imvennf.on matdonmst er agetd ayperstidrereofan Théormation
nmet hod includes at Ieast one of the steps of:

retriey. |nfornat| about . t nf.or mati on
storage me Ccor % % ? pre errad eémbodiments
stor age me e contro ar ea,

r eadi ng 11 PCT/JP2009/003782 data t hat has
of been prddeinén onvamyiwf tdeecnibedf oraratveon  The device
storage | ayers with recording pomer t hat has

dete?ﬁ%? regylagggnxﬂkghpkﬂgrte%t

test write zone of cne ¢f the n information storage laysers,

BMé lase %eam using the

and writes data on that layer by irradiating the medium with
the laser beam that has had its recording power defermined.

[0020] A reading methed according to the present invention
is designed to perform a read operation on an information
storage medium according to any of the preferred embodiments
of the present invention described zbove. The information
storage medium has a control area in at least one of the n
information storage layers thereof. The method includes at
least one of the steps of: retrieving information about the

information storage medium from the control area; and reading

11



[0021] A writing nmethod according to the
present invention is designed to wite datPaT@#2009/003782
an information storage nedium according to any
of the preferred enbodi nents of the present
i nvention described above. The nethod conprises
datd h@hﬁf eRS 5O e HELLL M ) ”g t%%é; eger ding IPO%%?mation
aser ean1u5|ng the teéest wite zone o
one of the n information storage |layers; and
storapit lagedatal ©on tdatrdiagerobyri thadi e ngetheregulated
mediumwith the |aser beamthat has had its

R B R 60521 'A% bt cal di sc

according to the present invention has three
(00268 nor& vmflommatiebhodtorage ihayer ssheackseht invention
mhich has a test wite zone. That is mhy even

is d gagﬁetlnnzﬁg%t%%bser %ge lf@é % P storage medium

at ed eam a
dlfferent intensities or in respectlvely
accoddffierentantherimdlhe emeifeona@ntgyodireest wfi tlee present
operation can still be perforned on the t ar get

. i.nf i_Qr I
oo LA TRL00, 81198 | YEL AL 38 (5. B o

performed, using its test wite zone under t he
deteoperiatd ndheemdauondeat potet hat thyeitaser beam using the
Consequently, the best recording power can be

determ ”{?d f°£ gach pf thoge, Lformation .ge layers:
st'orage“Taye

test

and writing data on that layver by irradiating the medium with

the laser beam that has had its recording power determined.

ADVANTAGEOUS EFFECTS OF INVENTION

[0022] An optical disc according to the present invention
has three or more information storage layers, each of which
has a test write zone. That is why even if those information
storage layers are irradiated with a laser beam at mutually
different intensities or in respectively different thermal
environments, a test write operation can stiil be performed on

the target information storage layer, on which a write

12



BRI EF DESCRI PTI ON OF DRAWNGS [0023] FIG 1 is
a schemati c expl oded perspective view PCT/IP2009/003782
illustrating the makeup of an infornmation
storage nediumas a first specific preferred
enbodi nent of the present invention. FIG 2 is
enatic representation illustrating .an .
Ope%ﬁ%ﬁgggne%%mgf IE%toez)tg é\?lr%%mzegﬁeéls%%? Jtths‘g test write zone
informati on storage nediumshown in FIG 1.
undef| Ghe3opsra isghemat renmeapr esenhati dbayer. Consequently,
illustrating the arrangenent of test wite
s_in_.an information storage .nmedi ym as
sne S80S0 LR B APE. BN B e Bt Tearngr of those
illustrates the structure of each of the
informbotomatditonagé oraged.ayers of the information
storage nedium shown in FIG 1, and FIGS. 4(b)
and 4(c) are schematic representations each
illustrating a direction in 13
PCT/ JP2009/ 003782 which the test wite zone
BRIEFADEHER INEDNO OFeRRWINGE he | nformati on storage
| ayers of the information storage nmedium shown
[00252 FIG 1. FIGS. 5(a) and 5(b) are schematic
Ffepresentations each illustrating an
alternative arrangenent of test wite zones
FIG. 1 i1s a schematic exploded perspective view

illustrating the makeup of an information storage medium as a
first specific preferred embodiment of the present invention.

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

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

FIG. 4(a) schematically illustrates the structure of
each of the information storage layers of the information
storage medium shown in FIG. 1, and FIGS. 4(b) and 4(ec) are

schematic representations each i1llustrating a direction in

13



for the informati on storage nedium of the first

preferred enbodinment. FIG 6 is a schenat iPET/P2009/003782

representation illustrating another

alternative arrangenent of test wite zones for

the information storage nmedi umof the first
whichl e{}eg r %@s%“% %E”Eoné:' (I?E'la 7 bg a_ls’%glhe%t Iecach of the

representation illustrating how a deteriorated

area on an information storage |layer L2 w |
infoghfebin thieragher ayafor it Foa storage ibayersraq@® medium

and LI. FIG 8 is a schematic representation
showh! | MSifatiing another alternative arrangenent

of test - wite zones for the information

storage nediumof the first preferred

ehbedi nBft) &h@G 5%) saae seheamitiicc representations each

representation illustrating an arrangenent of
llluggéttlv\r{gl te ZO teesr %1 E.vgn alrgg égrﬁatr{tonofs“ioé‘sac? V{l’hlte zones
Um’as a secon préeferre odi nen

present i nvention. 14 PCT/JP2009/ 003782 FI G

for lIthhe simferheiati ctoepgesertiatmonii [fhest fatditngpreferred
an alternative arrangenent of test wite zones
for the i nformati on storage nedi um of the

mbOdE%%nd preferred enbodinent. FIG 11 is a

schematic representation illustrating another
aFi®rnagi ves ars angenenit iof treptrewsint=aizonesliostrating
t he

another alternative arrangement of test write zones for the

information storage medium of the first preferred embodiment.

FIG. 7 is a schematic representaticn illustrating how a

deteriorated area on an information storage layer L2 will

affect the other information storage layers LO and L1.

FIG. 8 1is 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 illustrating an

arrangement of test write zones for an informaetion storage

medium as a second preferred embodiment of the present

invention.

14



i nformati on storage nedi um of the second

preferred enbodinent. FIG 12 is a schematPCE/IP2009/003782

representation illustrating another alternative

arrangement of test wite zones for the

i nfornmation storage nedi umof the second

p%%&er&%d %ﬁbgdggﬁg$at1£qg% $afy Qﬁogklust ating an

dlagran1|flustrat|ng a pre erre& enbodi nent of

an information witing device according to the
altepreserm | avemdeopntFl G 144s¢ a wiliematdomes for  the

representation illustrating the structure of
a9
inscBa L OTBLLRY PLENTOS Tl AR UL, ppocinent.

FIG. 15 is a schematic representation
i Frastreti nig t ke sstieuetiw e ofprassihgliesxd ayeérustrating
informati on storage nedium FIG 16 is a
anotﬁ% n? é§ﬁ %res%@%g%eﬁénll | S{r Li Q%_th zones for the
Fucture of a dua ayer |n of mati on storag
medium FIG 17 is a schematic representation
inforhdtustr atbnggt heedilh PCTYIHP2609N003%F2rred embodiment.
structure of a three-layer information storage
nF? 1 G, 18 |%C esc?ematlc re reg§ntat|
fist r'a |ng t e °Striucture of ‘a° ourJIa er
information storage nedium FIG 19 is a
anotbehentteatépresentayeomt | dustest inmgittehezones for the
physi cal structure of an information storage

199ustrat1ng

infoggggﬂgp %%ogage medium of the second preferred embodiment.

FIG. 13 1is a block diagram illustrating a preferred
embodiment of an information writing device according to the
present invention.

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 ¢f a single-layer infermation storage medium.

FIG. 16 is a schematic representation illustrating the
structure of a dual-layer information storage medium.

FIG. 17 is a schematlc representation illustrating the

15



fourth preferred enbodi nrent of the present
invention. FIGS. 20(a) and 20(b) are schen®CEgr2009/003782
representations each illustrating a | aser beam
spot and recording marks on a track. FIG 21
Is a schematic representation illustrating how
[ 0 C g a IS
B b AT s S
graph show ng how the OTF changes with the
shoft edB recoer diddgpmaaik. rFbGes@Bdtgoandtlhestrating the
graph show ng how the OTF changes wth the

=By NERTS ENBGO! RENPE) To034] - Her aFAaFTer
a first preferred enbodi nent of an information

stoFagé2nmedi um adeokrding reprehentprtdsenti Llustrating the
i nvention 16 PCT/JP2009/003782 w |l be

ri it h referen t.he acgo nyi .
phys%?%ﬁ& ﬁSEQC¥$éFi ﬁ?or%ﬁatﬁgﬁééﬁﬁﬁ}gge %ﬁﬁg%§ﬁ1 Wtum as a
according to the present invention may be
foureht perfea radi tebaticenonef orha prewent ablvenonen.
[0025] FIG 1 is a schematic expl oded

p ecil Vi ew, il usfratin h keu f.an
PEEPSCII S S sgubl S A0 08, PRS00 A <o
preferred enbodi nent of the present invention.

illustrating a laser beam spot and recording marks on a track.
FIG. 21 is a schematlic representation illustrating how a
series of recording marks on a track i1s irradiated with a

light beam.

FIG. 22 is 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)

[0024] Hereinafter, a first preferred embodiment of an

information storage medium accerding to the present invention

16



As nmentioned above, an information storage
medi um from on which informati on can be r &@§d7r2009/003782
and/or witten optically is generally called
an "optical disc". Thus, the informtion
storage nedi um of the present invention wll
.. .ak.so I n.as N ' : :

AR S ey SP el e GRy go gravinos.
character information, audio information, inmage

An dmiovigeien nEormaye omedruogr anserdaimd vari obke present
ot her kinds of information that can be stored

invegﬂigﬁ h %E Ekﬂgr$£o£f¥¥%—oﬂgg!éﬁg d@né Qé Ef?%%%e one.
pi eces Information i's digitized an then
witten on an information storage nedi um or

[002pi ocesBEd by Iisnya obchandloys eypeslegf perspective view

i nformati on processors. In general, that type
: "information' o _be pr b ut er,.
e LR G A R T R
synonynous herein wth "data". In this

firstdespecplicomredneret dnfiesémter nef thie present invention.
PCT/ JP2009/ 003782 "information" and "data"

As I\rll\tnerléio?l%dsea!beo%tel,vegtry lﬂ%%d I%Qcci%rndl ng)rtaoe grﬁnqeirual from/on
or “conventional usag€é. For exanpl €, N op i'cal
disc will be referred to herein as an

whichi nirgematiiom stenage negicundndfout tiie t@nesodtocally is
store information a "data area" according to

genegg?ﬁ%Z%a%ﬁ%ceﬁﬁgogégi%ﬁesgggyn inTﬁtg% %hetq%formation

(o) |

storage medium of the present invention will also be referred
to herein as an “optical disc”. As used herein, “information”
refers to character information, audio information, image or
video dinformation, programs, and various other kinds of
information that can ke stored on an information storage
medium. Any of these pieces of information is digitized and
then written on an information storage medium or processed by
any of wvarious types of information processors. In general,
that type of “information” to be processed by a computer is
called “data”. That is why “information” is synonymous herein

with “data”. In this description, one of these terms

17



substrate 110, information storage |ayers LO,
LI and L2, spacer layers 111 and 112, and P&T/AP2009/003782
cover layer 113. The infornmation storage
| ayers LO, L1 and L2 are arranged between the
substrate 110 and the cover |ayer 113 so that

wa | nf-or Bt i t e.lLa I

1nf%P§%E$J§()t ggt S?&g?eb% %@fe%ﬁ?Vﬁiyt%%ﬁ%%%cordlng to
i nformation storage | ayer L2 is |ocated closer

genetrelt he coverntiapel ©idyeAs Ecl asermfieame200ptical disc
that has been nodulated so as to represent the

will Eforgﬁglon %%bg%lt§§e%£&%gh%%ﬁ%rmagé%ﬂr%;?raﬂe medium”
storage layers LO LI and L2 are stacked in

but tthesareades stotdainicheatndorantdor strerdgeccording to
| ayer LOis located nost distant fromthe

enedy face of the cover layer 113 on which the

I F4ser°Pedam 200 i s incident. The spacer |ayers
111 and 112 are arranged between the

[002bNf or et 1dwat onafgec ] dyensel Opand:al Kiand 1018iRCl udes a
T/JP2009/003782 bet ween the information

Subsgﬁgﬁgg ?g?; ffﬁa nqéLZ re%? EtlvelgPog[qg?7Lnd L2,
| ayers LO, L1 and L2, the spacer | ayers 111

spacand lb¥2rand ttheacdven2l ayerd 4dl3caee Si=gekedlis. The
one upon the other in the order described

ncoBREVE RN BONGEH O er 1 AT, 5 2L AP L o
disc 101 with such a
the substrate 110 and the cover layer 113 so that the
information storage layer L0 1is located c¢loser to the
substrate 110 and the information storage layer L2 is located
closer to the cover layer 113. As a laser beam 200 that has
been modulated so as to represent the information to write
irradiates the disc through the cover layer 113, the
infcrmation storage layers LO, L1 and L2 are stacked in this
order so that the information storage layer LO is located most
distant from the surface of the cover layer 113 on which the

laser beam 200 is incident. The spacer layers 111 and 112 are

arranged between the information storage layers LO and L1 and

18



mul til ayer structure. The substrate 110, the
spacer layers 111 and 112 and the cover | agenp2009/003782
113 may be nmde of a polycarbonate resin, for
exanpl e. [0028] On each of the information
storage layers LO L1 and L2, arranged are
e B S8 R 6T ChoLd T &P ARl g Zeepectively.
storage layers LO L1 and L2 has a data area
[002D0, Drhersub2taptealladhieniafeaaRipn RlowrgeR2zvers 1.0,
which is arranged closer to the inner edge of

11 90038] THe QA aréas Bor b hnd 0z e HFeddTer 1aver

on which user data will be witten. If the
113 opd catlaciesic a1 irsora w#d t €:loncein dtS€, order described
information may be witten only once on each

ortion o he data areas DO, D1 and and
00 B T B PR L1 on T ° (B OB Fallid; BE° beor oot
101 is a rewitable one, however, the 19
throRGH/ HR20004:0037827 i1cor apti®il tBaic hasiongeh such a
been witten on the data area DO, D1 or D2 can
rewitten with a ot her

b ' f
mu e Ve O AP or arSUEGE50] EhOh bpe( fRecer lavers

|l ead-in areas RO, R and R2 has at least a
111 read- anky cont Bk af@ar( Whiedr | 518l seycabd echa@e of a
PIC (permanent information and control data)
polygégggng%gdrgsigftfor example.
[0028] Cn each of the information storage layers LO, L1 and
L2, arranged are concentric or spiral tracks on which data is
written. Also, each of these information storage layers LO,
L1l and L2 has a data area DO, D1 or D2 and a lead-in area RO,
Rl or R2, which is arranged closer to the inner edge o¢of the
disc than the data area DO, D1 or D2 is.
[(0029] The data areas DO, D1 and D2 are arecas on which user
data will be written. If the optical disc 101 is a write-once
disc, information may be written cnly once on each portion of

the data areas DO, D1 and D2 and can never be rewritten. if

the optical disc 101 is a rewritable one, however, the
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wite zone (which is also called an OPC
(optimum power control) area) on which PCT/IP2009/003782
informati on can be witten. [0031] The test
wite zone is used to regulate the recording
power of the | aser beamin mﬁiting infornation
Lea, Speci fi wite
lnfO%H(ﬁ% (Ig]ns t%l rra ?nccf \%Ieteﬁ WY a%ts%lr OBeam V@ﬂta ﬁrea DO, D1
has been nDduIated so as to represent
or I edwt evan ned- i tnfeor metthomnywhithe rvarycagokt Snformation
recordi ng power, thereby nmaki ng recordi ng marks
aftethgbe After that, those recording marks |eft
fre’Ttradiated with a | aser beamto read the
information stored there and the quality of
[0030he i nfathhetti oher badi-iis hated RO, hBledyd R2 has at least

deternining t he best recording power . [0032]

t owri one of th ad:in area S
° Thefg o FEBGrAle THE r dAotGing hoverof (ChESe @ PIC
| aser beam for MW|t|ng 20 PCT/ JP2009/ 003782
{(perinaf@rtmat homrnen ithe dat acartes 1DOlafa )t herssgneand a test
informati on storage layer LO In the sane way,
ite zones. of |, ead

t est
wrlt%ngmﬁ§§a#mﬁﬁ§%dlﬁo ?gﬁﬁlé?gﬁ?ﬁe‘?%cgp |n§’ptlmle power

power of the laser beamfor witing information
cont ol t heredat an @eas ibFoand: 2, chesipecidiveky.

[0033] In the control area, stored are disc
[003“1f orrﬁltl or%egg write zone 1s used to regulate the
recording power of the laser beam in writing information on
the data area. Specifically, the test write =zone is
irradiated with a laser beam, which has been modulated s=o as
to represent predetermined informaticn, while wvarying its
recerding power, thereby making recording marks there. After
that, those recording marks left are irradiated with a laser
beam to read the information stored there and the quality of
the informaticon read is rated, thereby determining the best
recording power.

[0032] The test wrlite zone of the lead-in area RO 1is used

to regulate the recording power of the laser beam for writing

20



i nformati on about various recording paraneters
such as the power of the irradiating | aserpct/ip2009/003782
beam for witing user data as recommended by
t he manuf acturer of the storage nmedi um (optica
disc) The best recording paraneters for
|nf mat 1,0 on._th nf or t|on siora
lnformaers q¥1 ngaﬁi éhanggxtroﬁtq%he a er 1Fgormatlon
another. In this preferred enbodi nment, the
storegat tevearikh of Irache ofartchevadveadhintaseasrR): zones of
Rl and R2 is supposed to store not only
Lnf ormation ut recor di ter
che gFp THY 5 nﬁafggtl%éjﬁ%nafﬁeu%ﬁiza Car e %Pcﬁtl Fseomﬁcordlng
|nfornation storage | ayer but also information
poweabolit thhe lagecobeimgLgaranetiens ihdormitidmgn the data
information on the other information storage
I ecificall in the control area of
area?ﬁ% | B (%-?h 23%553ﬁ5 ®Yored is information
about the recording paraneters for witing
[003Bnf or nat itble oanthel data, aseassd 2te disc information and
PCT/JP2009/003782 DO D and D2 of aII of the
ree information storage | ayers
l“foflﬁattcifkeﬁ%% e cont T ?Oréjrlég é—tﬁréﬁ%he%? Fh‘éh as the
other lead-in areas RL and R2 al so stores
poweknbor amd | Diraaliawtngt hes¢ecarai M rparadeh@r Ssdiordata as
witing information on the data areas DO D

recoﬁ%%%%%é g&dQ%% $£HG¥%ckﬂLg£ O %g %%8£§1é3$e 1um (optical
disc). The best recording parameters for writing information
on‘the information storage layers LO, L1 and L2 change from
one layer to ancther. In this preferred embodiment, the
control area of each of the lead-in areas RO, Rl and R2Z is
supposed to store not only iInformation about the recording
parameters for writing informaticn on the data area of its own
information storage layer but alsc information about the
reccrding parameters for writing information on the other
information storage layers. Specifically, in the control area

of the lead-in area RO, stored is information about the

recording parameters for writing infermation on the data areas
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[0034] Thus, information about the recording
paranmeters for all three information stor age/Ir2009/003782
| ayers can be obtained fromthe control area

of any one of the three information storage

Iayers That is mhy conpared to a situation

0, er% tB?acgntE ég each informati

? inform tlon s ogage layers
storage yer s ores onI iNf OF At 1 on

the recording paraneters for that |nfornat|on
LO, dsilorage L2 ayellkaseye,dattee camtstedr tareei ng cach of the
witten in a shorter tine. Also, even if a

dlfferent |nfor |on s%%ragso ayer fromth

th
ot A get ohe had® startEd Bei Ag° S cantiest Bglﬁgg?aﬁgn about

due to a disturbance, for exanple, information
the akoutdime pacoradieng fparaneters froforttheisrargetthe data
infornation storage Iayer can al so be obtained

ca t r rea of .that .wo
cos1PRE nBEi s Dhr Gg0 1y F-CF0036]" THa FoCoPaTHy '=vers
paraneters do not al ways have to be 22
L0, BCTédP2209/ 003782 stored in the control area
as descri bed above. Alternatively, the contro

each i.nformation storage |ayer ma
10038] oo MHir o PRECTBH BE0aPoBhI ¥ F e P Eebpartiganeters for
paraneters for performng a wite operation on
all theedatiarameaiof tbatadcayererbncihate asenedhfrem the
anount of the recording paranmeter information
stored in each S nt r ol area ca

cut
conta%%w]argﬁd %ﬁ1e?%¥(398 the three ?ormatlon storage

layers. That is why compared tc a situation where the control
area of each information storage layer stores only information
about the recording parameters for that information storage
layer, user data can start being written in a shorter time.
Also, even 1f a different information storage layer from the
target one has started being scanned by mistake due to a
disturbance, for exampile, information about the recording
parameters for the target information storage layer can alsc
be obtained by scanning the contrel area of thal wrong
information storage layer.

[0035] The recording parameters do not always have Lo be
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the size of the control area can also be
reduced. As a result, even if there are arpcrip2009/003782
i ncreased nunber of information storage |ayers
and if the test wite zones of those storage
| ayers are arranged at nutually different
store%dlal Iocatlon§ area as dFFc%q$%F%£geg %h%ernatlvely,
ContT OI°"af 8as” Cah “St &cured ror
eaS|Iy. [0036] Also, if the optical disc 101 i's
the aomtirbe- ence ¢ pegch thegoccontiol areagef lpyst may store
one of the nmultiple information storage | ayers
inrorlELER e SR o ForRr T R rhe bF e 6n PR o ing
the data area of every information storage
a wiiayerogemet doledoh nthdatiaopt head ofdi SeatlOllaydrm  In that
t hat case, the control area that stores the
Casere% rdrn g réan mation abgut éﬂ# : fo b
Fnation stor Ge SraVery may Bear raHgagabien to be
the information storage |ayer that 23
storBPE€TALAP2@00/ 003782 dr1s:d acat et Mst ddivat aahdf EBBY=fore,
the light incident surface. [0037] If the

t | . di 101 i t ,
the PE A RS bRl ha PR oratnG I5ar et Bl egr P

mrltlng informati on on the data areas DO Dl
resuan@d B2e0fid hehdmf ormaatnon ncst osagendndyer fLOnhformation
L1 and L2 may be stored in only the contro

ea.of the Iead-l area RO aon the infornmation
storgg%rg@%eq Y%Fj {ke test write zones of those storage

layers are arranged at mutually different radial locations as
will be described later, the control areas can still be
secured more easily.

[0036] Also, 1if the optical disc 101 is a write-once type,
the control area of Just one of the multiple information
storage layers 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 101. In that <c¢ase, the contrecl area that stores the
recording parameter infermation about all information storage

layers may be arranged on the information storage layer that
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LO for exanple. [0038] Furthernore, in that
case, the depth (or the thickness) of the PCT/IP2009/003782
i nformati on storage |ayer LO as neasured from
the surface of the cover |layer 113 on which the
| aser beam 200 is incident (i.e., the surface
is 1%@:&1{:@@ r@s%cglggﬁnt{'r%omagﬁgel Vé%htth 159 ?&ecptsnrggce
he only information storage 1Tayer o
SI ngl e-1 ayer optical disc as neasured fromthe
[003dilsc sUFfabe. ofthierml aniopt ildl I se dvivie-fooce disc,
performng a read/wite operation on an
- a si .infao i.on _sto e
e Bl o 350 SBa B P RE H Se TIPSR onTar Hriting
any of the information storage |ayers LO L1
infoamgtich ofh the &ptd caleadi B8, DI0bndThatof sheo information
say, an optical disc drive with a sinpler
f ratign fpy. S iy that gase.
Storégﬁe%%ﬁié %gééEPﬁE?P%% %%%r émo%antl?rogi %gL control
24 PCT/ JP2009/ 003782 optical disc surface an
areaj pfokthat lear-strorrage RAyen ithe thécrmagrien storage layer
significantly the signal read fromthat |ayer
L0, %J:Iexaql%tgrlorate due to a tilt. That is why if
a given opt|cal disc has nmultiple information
storage | ayers, the depth of one of those
(0038 hf or Matritbrrstor.ageid ayers (tase, tthe rdkpriencer the
| ayer) that is located at the deepest |evel

thicﬂﬁgggthe Sgﬂéaggformatlon stecrage layver LO as measured

from the surface of the cover layer 113 on which the laser
beam 200 is incident (i.e., the surface of the disc 101) may
agree with the depth of the only information storage layer of
a single-layer optical disc as measured from the disc surface.
Then, an cptical disc drive for performing a read/write
operaticn on an optical disc with a single information storage
layer can also obtain the disc information of any of the
information storage layers L0, L1 and L2 of the optical disc
101. That is to say, an optical disc drive with a simpler
configuration may be used in that case.

[C039] Generally speaking, the more distant from the
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(i.e., closest to the substrate) is preferably
approximately equal to that of the only  PCT/AP2009/003782
i nformati on storage | ayer of a single-Ilayer
optical disc. In that case, if the area of each
of the other information storage Iayers
optnglrQERQndéJgfad% Rﬂ? gféfﬁéﬂyygr geaﬁ%%EOf is, the
I nformation storage [ayer ose f t6'the
substrate has the same groove structure as the
moredaﬁ'amai@'a?,anth&n e tiamshi treadcefofn t heat aserlyer will
beamto that information storage | ayer cl osest
dete&%o&%@ésgg§t{§tg %@Ptbe %FE ne an#%herglven optical
the disc irrespective’ of radlaV ocat |
Thus, the optical disc drive can have its
disccbnafi gurdilenintempltifhedtomagk dialyers) ayter slepah of one
be made nore easily, because there is no need

of Egoggoﬁmgg %QMJ egtgr?%st%ptlng neans fo he reference

retrieving t 16N frontthaﬁ:
informati on storage |ayer that is |ocated

layeg) oskat to ldmmtsdbstr ahe. d26p8IT/IHR2009£003¥B2 surface
[0040] FIG 2 is a schematic cross-sectiona

V|e o) tlcal |s 01 and Ll lustrates
““f he arr%%bé%%n of F et W on%s %g %I%?prOleately
| ead-in areas RO, R and R2. In FIG 2 and

equaodt Her tlsitm b@r cdeawrngs, irtthenspacer skayefes 1dder of a
and 112 are not shown. The |aser beam 200 is

Slngi% os%gﬁég% f?ﬂfron‘tn,tﬁttucéur?§gsgggnakga of each

& outer edde “of "t Re“ i

| ocat ed on
of the other information storage layers, corresponding to the

disc information area of that 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 storage layer closest to the substrate can be the
same anywhere on the disc irrespective of the radial location.
Thus, the optical disc drive can have its configuration
simplified, and other layers can be made more easily, because
there is no need to provide any special detecting means for
retrieving the disc information from that information storage

layer that is located closest to the substrate.
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the right-hand side as indicated by the arrow
shown in FIG 2. [0041] As shown in FI G 2CTAIP2005/003782
test wite zones TO, Ti and T2 are located in
the lead-in areas RO R and R2 of the
i nformati on storage |ayers LO, Li and L2,
[0046ﬁspe fé/.elé/'iérhgs ch%lgaﬁgicvw#{o%sz—ggf iO-l;lg’l -I;Z]iew of the
and TZ are ‘arranged at nutually I Tferent
radi al |ocations so as not to overlap with each
optiobhetisat 18l and thesdirpeesidre iarrahjetetthedetest write
information storage layers LO, LI and L2 are
stacked qne .upon_the h i , as_vi.ewed |
Zone?hénEﬁ%%gﬁﬁgﬁg?rﬁﬁﬁ%scﬁbfE%lf%g%gabea§§i%%i 9 LR otner
conmes). [0042] More specifically, in the
simiopt i dawidigse 104 ,sdaher Lapers gdii pheérbl2 emd TGa shown.
of the test wite zone TO of the second
i.nner nyst__i rmati on storage layer LO s
rre (EeRRon Ao T PR e o H S ot et
than the outer peripheral 26 PCT/JP2009/003782
showenthh TFb: of2 tdrel test owt it ecaonen Tibhef dike is located on
i nnernost information storage |ayer L1, and a

a ran_interval)..is_|eft tween them so

the PRl Pl b vid Rt bReetaly A8k Bom sltheie Fre- 2.
each other. This gap has a distance that is

[oodadefi neds byhchie indefGer encesdretwder thees TO, T1 and T2
respective radial |ocations of the inner

are .F?.J[eci)c!.apc%%r ain eri]: eT%ean]—ant hgreoaust eE{OPerﬂ.lphgrrlgl R%ndof the
information storage layers LO, L1 and L2, respectively. These
test write =zones PO, Tl and T2 are arranged at mutually
different radial locations so as not to overlap with each
other at all in the direction 1in which these informaticn
storage layers LO, L1 and L2 are stacked one upon the other
(i.e., as viewed in the direction in which the laser bheam 200
comes) .

{00427 More specifically, 1in the optical disc 101, the
inner peripheral end TO0a of the test Wl:-‘ite zone TO of the
second I1nnermost information storage layer LO 1s located

closer to the outer edge of the disc than the outer peripheral
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Li kew se, the inner peripheral end T2a of the

test wite zone T2 of the outernost PCT/TP2005/003782
information storage |layer L2 is |ocated closer

to the outer edge of the disc than the outer

peri pheral end TOb of the test wite zone TO

end.%&bthg1%fc%ndtlnnernn%%e &ng qﬁ}lgﬁgéﬁﬁﬁggﬁﬂformation

gap t efine
dlfference bet ween t he respectlve radi al
storlzgeat kpsrs I, tdrel a yaer (per ephéntdrwerid T2alahd between
the outer peripheral end TOb is |left between

thent 0 I he t.hree |nfornat| pn stora
chem & tj[qd%%%ltes " gr E°8%unt'ed ?ront?h%ﬂ%nWIth each

that is located nost distant from the surface
othean whirahst hepl aser beam2@0ces titrci dent defheed by the
test wite zone T2 of the third nDst di st ant

forma n stor e e L2 is.lo at | oser
oL e e PR b o TREHI T RdheE pHE pELTEE of the
wite zone TO of the npbst distant information
inne27 gRCTHIL20094003F8R astiorage ohayer pkO plszraAnctknd Tlb.
the test wite zone TO of the infornation

ora | ayer LO is |ocated.c gser t
L ke Py i RaR=t et S PR pOne T TPt fETTe Zone
second nost distant informtion storage | ayer
T2 dfl dis: JuUiR4ddsNexhfoidationl sterdesciiped whats located
effect wll be achieved by such an arrangenent

t he .t est MW|t§B

0] e
cleoser to the outer e % %he ﬂlsc than the outer peripheral

end TOb of the test write =zone TO of the second innermost
information storage layer L0, and a gap that is defined by the
difference between the respective radial locations of the
inner peripheral end T2a and the outer peripheral end TOb is
left between them.

[0043] If the three information storage layers LO, L1 and
L2 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 distant information storage
layer L2 is located closer to the outer edge of the disc than

the test write zone TO o¢f the most distant information
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and T2. Suppose the test wite zones TO Ti and
T2 are arranged at the sane radi al | ocati (UTaR009/003782
shown in FIG 3 on the information storage
| ayers LO, L1 and L2 unlike this preferred
enbodi nent. That is to say, suppose the radi al
lLocations qf. the respective_ inner_peripher
Stor&ﬁ%s l‘flégr %Oa and T%&gofc[tht etestnces‘frl\%/rel t%o%eoﬁ%% of the
TO Ti and T2 agree with each other, so do
infotrhesiorofstideige outer peripheralteendscdéb, tdl that outer
and T2b, and therefore, the test wite zones
TO, Tl and, T2 entirely overla ith each .
cdacorhah: TR FRaE Cans 17 N8 (Bst s FEEOSOMOR] distant
of the information storage layer L1 were
infodestioyedprhhentdka Liraasm ttance of the | aser
beam t hrough the test wite zone T1 would
crease so sjgnificantly that the |aser beam .
[004% ul d hott réjégt’?’ltlb'le LsteMri e ol Toegge‘ftnemll be
informati on storage |layer LO, which is |ocated
achigpe® i stant af odirtdheechaserobamn than thee 28nes TO, T1
PCT/ JP2009/ 003782 informati on storage |ayer
LI.. As_a resul the optical disc drive coul
and gz 00 SRSt he this CoRET 16 2 oTeofi et Shd T2 are
i nformati on storage |ayer LO while attenpting
arrab@ederd @ahm 8and esidiwli L ecopeIAatisOBhOM: iiln. FIG. 3 on the
[0045] Also, even if the test wite zone Ti of

, fthe,inforrmtio stora ellllayerd li% vve{,eknoth, . 4
infopmatigy §GOhaeS Ha GPst0r Ll and L2 unlike this preferre

embodimant. That is to say, suppose the radial locations of
the respective inner peripheral ends T0a, Tla and T2a of the
test write zones TO, Tl and T2 agree with each other, so do
those of their outer peripheral ends TO0b, Tlb and T2b, and
therefore, the test write zones TO, Tl and T2 entirely overlap
with each other. In that case, if the test write zone T1 of
the infermation storage layer L1 were destroyed, then the
transmittance of the laser beam through the test write zone T1
would decrease so significantly that the laser beam could not
reach the test write zone TO cof the information storage layer

LO, which is located more distant for the laser beam than the
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transmttance varied significantly as a result

of a test wite operation that has been PCT/P2009/003782

performed with too nmuch irradiation power on

the test wite zone Ti on the information

storage | ayer L1, then the intensity of the

m. r.eac ing. the i fornatl st.or.age, . .

sncorE ol G stra Chagd ependi g S Mot G 2oy ical disc

wite operation is performed on the test wite
drivzoneodlid onotnotccd3046heli kew serité theet e¥0 of the

mwite zone T2 were destroyed or if the
info mg' 1Sorg tgaonrcae eOfl ! her ! gam tther 0% n to erform a

8T % T 1% e 2 ha c%ange 51 G gantl);3

then the other test wite zones TO and Ti
testceoul itk becakf et ech iEor that reason, according

to the arrangenent of the test wite zones

n_ FIG 3, the test mwlte 0 eration
£OO4§EuId¢ildstobeeEPe?fogj Lpr% o | yonTt i Yestt ©F  the
wite zones TO and Ti of the information 29
infoPed? 3P2009/-003782vc 8t nLagertayet sdb& wndd buandad its
t he recordi ng power could not be deternined
rmation stora

e o e

accordlng to the arrangenment of the test wite

operZones MHatl s prefrerped enmbadivient tshownchnNirradiation
FIG 2, the test wite zones TO Ti and T2 are
arran%%d at

power on e test write zone Tl on the information storage
layer L1, then the intensity of the laser beam reaching the
information storage layer LO would change depending on whether
a write operation is performed on the test write zone Tl or
not.

[0046] Likewise, if the test write zone T2 were destroved
or 1f the transmittance of the laser beam thrcugh the test
write zone T2 had changed significantly, then the other test
write zones TO and TI could be affected. For that reason,
according to the arrangement of the test write zones shown in
FIG. 3, the test write operation could noct be performed

properly on the test write zones TO and Tl of the information
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mutual ly different radial |ocations, and do not
overlap with each other at all in the PCT/IP2009/003782
direction in which the information storage
| ayers are stacked one upon the other. That is
why even if the test wite zone Ti of the
scorpfle T B BT Rot ey e PestRofrl TR Butat ot e
wite zone TO of the information storage |ayer
deteb@ et houperlor fat tleasinfalrmestomi ¢thoutk beveags LO and
affected by the test wite =zone Tl destroyed.
C?&agguently, the test wite operation could
be performed just as intended on the test wite
zone TO of the information storage |ayer LO
[004@hd t han rgcordileg pewdr acowutdirst itld the arrangement of
determ ned properly for the information storage

L1,

lLayer LO. Likew se, en if the test wite zon .
©ne 155Gt 'FHE° TSP nali O St OPRQE Fayer L2 WgFE o in
destroyed, the recording powers could still be

FIG.det erhenedspr epetd yz-Hoes the, | T osamit TDNar80arranged at
PCT/ JP2009/ 003782 storage layers LO and LI.

048] . so, for th ame reason, .even if the .
mutug PRt H00s Torithe T ek BeaRifade gL SWEtap with
t hrough any of the test wite zones TO, Ti and
each T3tNar | e, atheihasks hessniciawl dnstwhlikbhr @aehibhh€rmation
test wite zone TO T1, T2 of each infornation

stor%ct%é)tr f%?q]{sgya%%ersgc%cglﬁ&éSﬁ%dug@%?steh ueon%]rlle%’. t hﬁwat is why
even 1f the test write zone T1 of the information storage
layer Ll were destroyed, the laser beam cculd still reach the
test write zone TO0 of the information storage layer LO without
{or at least almost without) being affected by the test write
zone T1 destroyed. Consequently, the test write operation
could be performed just as intended on the test write zone TO
of the infeormation storage layer L0 and tThe recording power
could still be determined properly for the information storage
layer LO. TLikewise, even 1if the test write zone T2 of the

information storage layer L2 were destroyed, the recording

powers could still be determined properly for the information
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performed just as intended on the test wite
zone TO, T1, T2 of each information storager/ipra09/003782
| ayer LO, L1, L2 and the recording power could
still be determ ned properly for every
infornation storage |layer LO L1, L2. [0049]
£§MW|£able tlcal disc that utilizes a
d%ange of "an informati on storage |ayer,
even if anorphous and crystalline recording
[004@ar ks hbve Motudhd ysahief freneot, dvweansm tharcessmittance
t he transnittance of the infornation storage
| ayer ca be kept un han ed b Asi.n
of Rt T aEE bty o kS IR ATy SE N At g Spodelte 7ones
has been determined. In a wite-once optica
TO, dilsGgndormranhizotied, Wthee laperabean canldestill reach the
performed only once, the recording filnrof its
info natlon t Qr.age,. aye S rev
cest PORET L O Hharth s Ky by 80 hal PAHGUAAT GFoTHES 1aver
t est mrlte zones according to this 31
L0, BLCT/ AP200840837 82 1p1, eteer edsenidiementreatcbecould be
used particularly effectively in a mrite once
opt i I SC, .anmon ther thin
PerfP?mﬁfrrﬁ%éEﬁe§6FFB§%g|%“m%‘%h e%‘ 8n O?%e 90, T1, T2
test wite zones TO, Ti and T2 are used. As
of chadi Defcathabyoit hetorameonsyén 0,GL1?, 1.2 hend naeksecording
are arranged on the information storage Iayers
d L2 $90 b(Qa&ethe %gg bea ysgans

LO
power cou sti termi proper or every information

storaﬁe l

storage layer LO, L1, L2.

[0049] In a rewritable optical disc that utilizes a phase
change of an information storage layer, even 1f amorphous and
crystalline recording marks have mutually different
transmittances, the transmittance 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 be
performed only once, the recording film cf its information
storage layer has irreversible properties. That 18 why the

arrangement of the test write =zones according to this

31



information storage |layers LO and L2 outward
(i.e., fromsone inner radial |ocation on PChe2009/003782
disc toward the outer edge thereof). On the
informati on storage |layer Li, on the other
hand, the tracks are arranged so that the | aser
pref%%af%}%r?ons tQEF LOf grmaLl on S]Ft"fc% & Jrayefrfecuvely in a
I nwar 1. € r'6m sone - out et |Ocation
on the disc toward the inner edge thereof).
writEecnexanplieali fiigde atepagkstlarre tainanged
spirally, the direction in which those tracks
e ar ed SR |1 n_th nf or 0
{OOS%ﬁoradéaquers ? hé %_ngﬁg%%dg}ﬂélfé Eﬁrectlons the
in which the tracks are arranged spirally on
testt heitafonrat MOn Tt otdgeR laayenskd. Thatinddcabyd by the
in reading or witing information fronfon the
nfor Lon,starage | ayers LO a
arrolg L Oh hbte 3 G oot e “The F BRITeSE Ghoof ngormat ion
read/ wite operatlon on the information
storsyer ageetaysd kOIi f2dane tomtt hthe 32aser beam scans the
PCT/JP2009/003782 outernDst portion of the
dat a. area DO t Sessi of a .
into AT T OBEr ATIGH O SHE FAr BYriior isfor ageom some
| ayer LI can be started fron1the out er nost
innepordddanloflddie idat aorar eae Dkict hcoddiel | aser cuter edge
beam spot fixed at the sane radi al | ocation.
W se, 8s soon as _the | ast session a
ther?%gd/w?rie op]é}é’trfﬂfs‘ﬁl% T HE S F‘Pfﬁ’fu%% on the other
storage |layer L1 is done on the
hand, the tracks are arranged so that the laser beam scang the

informaticn storage layer L1 inward {i.e., from some outer
radial location on the disc toward the inner edge thereof).
For example, if the tracks are arranged spirally, the
direction in which those tracks are arranged spirally on the
infermaticon storage layers LO and L2 is opposite to the one in
which the tracks are arranged spirally on the information
storage layer Li. That 1is why 1in reading or writing
information from/on the information storage lavers L0 and L1
continuously, &as soon as the last session of a read/write

operaticn on the information storage layer LO is done on the
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I nnernost portion of the data area D1, the

first session of a read/wite operation oredrheo0/003782
i nformati on storage |ayer L2 can be started

fromthe innernost portion of the data area D2

mith the | aser beam spot fixed at the sane

I t Th i nf or e rea
o R BN OBl g B 8P e pion o o

Junp aII the way toward the innernDst or
readdutrét@osperdideat icon top tih€ooapitical sticgegdOlayer L1 can
every tine the target |ayers need to be

ha d.into, the next infor tio
be SAHETY "By ShESTHCROS PoRerThat TERETS FgehePt itk
described later are satisfied, the | aser beam
the spetedoesanotspdivaysxbaveitt OtHO idhmeSUERdial location.
directions on the respective | ayers. [0051]
anwhi | e, the test ite zones TOQ, Ti
leegﬁee’pfeieFSBFy %%e&*? gﬁ§53i§§§%iPPec?ioﬁ% ggad/write
the ones in which the |aser beam spot goes on
opertiBgofi espeitd viegn flonf@e NBd | OISt agger3B1 is done on the
PCT/ JP2009/ 003782 | ayers. Hereinafter, it wll
e descrihed exactly. in which directions t he
nnePBetS e TacYonbe i Stikd FOBbY] LA Higeer Fgalon of a
above, the test wite zone arranged in each of

readVhese: | sfedaBbhoBnStaEagarbayel:iSni Stproye deghd:0 1.2 can
deternine the irradiation power of a | aser beam
witing data on the data area of that

be stg§E§d,gyoBeF?%r+ﬁqﬁfmgsFeg?r§&qq:gf the data area D2 with

the laser beam spot fixed at the same radial location. Thus,
information can be read or written without making the laser
beam spot jump all the way toward the innermost or outermost
location on the optical disc 101 every time the target layers
need to be changed into the next information storage layer.
Nevertheless, i1f the requirements to be described later are
satisfied, the laser beam spot does not always have Lo go in
such directicns on the respective layers.

[0051] Meanwhile, the test write zones T0, T1 and T2 are
preferably used in opposite directions to the ones in which

the laser beam spot goes on the respective information storage
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operation on that area. For exanple, test data
may be witten on the test wite zone a nualyer2009/:003782
of tinmes with the irradiation power increased
by 1 nWeach tinme, and then the test data
witten may be read to determ ne what irradiate
wer ul.d-, be adopt t,0, obtain e
laye?%ad g%ﬁ%a L cegisuﬁﬂL %rror rgtgxac%ﬂy in which
jitter. [0053] In writing test data, the
direcrriads atieconepoweritmyohes set ushyl.ref erence to
the control area, close to a recomended
r adi n. power that st in.the contro
100502 B BT Bl P Be s Falt o Fr M o 25hepgRgPRaed in
mould be sllghtly different fromthe power
eachsetfi niedae trofcarmaat bat i Givriafet hkayegensi i \Wrtbtyided to
of the gi ven optical disc to the |aser beantor
determ ?h ertp ar%cemof tge 0 t|c g Qea an iy
tlca di §ETUHiVEC t REY peffo 3% ?%m or writing
operatlon on the opti cal dISC, then such 34
dataPQH/ JR2GRA00BI8 2 ahaexpegted devirabimimcCaukdst write
be taken into account. For exanple t he test
o era ta rytgetmw ttenEmnth th |rgad|at|on we r
P ar? ed at 4" st EY of ‘5% W?W]ne’a ﬁéﬁe?attaaﬁ[@é’ Sluritcen
that covers 20% around the recommended power.
on th80b44t Alisiae izbsteadnaibaadeft itAget heith the irradiation
irradiation power that optim zes the read

qnal |nqiqes a refer%nce val ue may be
power ncrease time, and en the test data

written may be read to determine what irradiate power should
be adepted Lo obtain the hest read signal indices such as
error rate and jitter.

[0053] In writing test data, the irradiation power may be
set, by reference to the control area, close to a recommended
irradiation power that is stored in the contrcl area.
However, if the actual irradiation power would be slightly
different from the power setting dus te a variation in the
sensitivity cf 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 disec, then such
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set with respect to the error rate or jitter,
and the recording power for witing user ®&U&2009/003782
may be defined to be a power value that is
| ocat ed approximately at the center of an
irradi ati on power range that is equal to or
an é%&ﬁ&xﬁﬁa-e$fg%io%ef8&9QP?b¥?H%%en'Uuﬁﬂﬁtaééﬁﬁﬁ . For
even I f the actual irradiation power deviate
significantly fromthe power setting due to a
exampaei athenteat t Hettemper deuraidtterhwifhghhe irradiation
source that emts the | aser beam while user
a ' i ng ptien gtJ¥ e |.d
T e e R T
irradiation power falls within a range in
*+20whirchintihehy ardatrinondéd egual. to or smaller
than a reference value. Furthernore, even if
e tical_ djsc t r 5l
oost e R Cunr i 1 SR e TR Pren b e R pquer that
long as the irradiation power falls wthin a
optirarge the whiach thmadaringtices, i A refordiarg power may be
is 35 PCT/JP2009/ 003782 equal to or smaller
sev L0AN, areference vajue.. [0055], Nevert hel gss.
accor di ng T such a tec ni-que tor 5et%rn1n|ng
the recordi ng power, the irradiation power
recostiond cbowee fari edisigniddiccantity mayt bhe tefined tc be a
wite zone. That is why the test wite zone on
powe%h%cf ékyﬂgthag ggegkgglgi:%gxyﬁgggfy %Q t 8m§£nter of an
cou dlp055|bﬁy eteri orate.

and the

irradiaticn power range that is equal to or lower than the
reference value. In that case, even if the actual irradiation
power deviated significantly from the power setting due to a
variation in the temperature of the light scurce that emits
the laser beam while user data is being written, the user data
could still be written with quality as long as the irradiation
power falls within a2 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 pcwer is
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[0056] On a rewitable optical disc, a test
wite operation can be perforned on the s&FEIP2009/003782
area a nunber of times unless the test wite
zone deteriorates as a result of the test wite
operation. That is why there is no need to pose
equad¥o $LShEE §LLOM QN howet oo qise Lhe test wite
zone. AS for a write:once optical disc on
whi ch data can be witten only once, however,
[005the uniecordedetest apeptéinbnés thereof dreghnique for
preferably used sequentially fromeither end,
t.han ec e. :
dorepBliSla, R BeordMENDuay TBC H ER)isGaeR BORES snouo
vari ed when the recordi ng power should be
be vdetednshwd dsadeser ibethabmee. wAllso, zeven iPha is why
rewitable optical disc, if the wite
the Qgrsfc O&P’P?ecezo ar Io%d §_chh8a’¥\g | lliaes .b%%%r %EEJQE'EIJI Swith high
repeatedly performed thereon an increasing
nunber of tines, the test wite zones thereof
powearecwalds oopselh by aldtgri86aRCT/ JP2009/ 003782 used
sequentially fromeither end, just like a
ite-qnce__optjical disc 0057] FEI 4( ) .
oostf | o PhresedhtLitie HebTeat SR Gt Phrg groracion
1 or 2) of the information storage |ayers LO
can bd pnddrBedodnttie optrecaledissqutBdr As times unless the
descri bed above, the information storage |ayer

testanrhl S %orlleeag_ejcgrlacgrea eBn’asi n, \A@gsculltt NET & 1S Bst 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-once optical disc on which data can be written only
once, however, the unrecorded test write =zones therecf are
preferably used sequentially from either end, rather than at
random, because test data needs tTo be written with the
irradiation power varied when the reccrding power should be
determined as described above. Alsc, even in a rewritable
optical disc, if the write performance varied as the write
operation is repeatedly performed thereon an increasing number

of times, the test write =zones thereof are alsc preferably
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test wite zone Tn. Each of the test wite
zones TO T1 and T2 is given addresses andCiigp2009/003782
made up of sub-areas called "clusters", which
have a predeterm ned nunber of consecutive
addresses. FIGS. 4(b) and 4(c) schematically
use&lééﬁﬂ@ﬁ@ggliyefréﬂbE@Eﬁéf %hd,t%usk3iUhév £5write—once
and so on of  the test wite zone Tn. For
exanpl e, one of these sub-areas may be used
optiggéryisa-ime a test wite operation is done as
descri bed above. The test wite zone TO, TI1,
of h t [ .nf Is t
00502 o FRE Riand 13 Earel P B ReLape dn (ubere
nunber of sub-areas (or clusters) as the test
is Owrilt er zoneoIT@QheTipfFonaficramyootdrer Ldyefror Bt i Bh and L2
storage layer LO L1, L2. That is to say, the
S I 1.e zQne O i : a e -
of oM B A v | AR M g2 rormation
beam scans the information storage |ayer LO
storegé whrvk iLre had romeghen ames RB7 in which there is a
PCT/ JP2009/ 003782 radial |ocation toward the
0 e th IS Th ' : test
tEStW‘;& Hai[ée z%(%l:e ?%'t hgzra glgf Sﬁagh%uﬁ%saﬂr éﬂéfsl\ﬂél)/,zgg gs ?‘g T1 and
t4, t5 and so on, to which addresses are
T2 igssogned eadtdesesscamhi Ay diedectirono®f sttheareas called
| aser beamas indicated by the arrows in FIG
wat.4 .. In.t.hat .case, th - ar [ , .
cLufhllyy W 158575, ViR B A pber B consecutive

inward. That is to
addresses. FIGS. 4(b) and 4(c) schematically illustrate the

gub-areas t1, t2, t3, t4, t5 and so on of the test write zone
Tn. For example, one of these sub-areas may be used every
time a test write operation is done as described above. The
test write zone TO, Tl, T2 of each of the three information
storage layers L0, L1 and L2 consists of the same number of
sub-areas (or clusters) as the test write zone TO, T1l, T2 of
any other information steorage layer LO, L1, L2. That is to
say, the test write zones T0O, Tl and T2 have the same size.

r0058] As shown in FIG. 2, the laser beam scans the

information storage layer LO outward (i.e., from some innerx
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say, the outernost one of the unrecorded
sub-areas tl, t2, t3, t4, t5 and so on i S REFERLO0Y/003782
first, the second outernost one next, and so
forth. In the exanple illustrated in FIG 4(b),
the sub-areas are used in the order of t5, t4,
rad1%§ lggaéqgktédwar§e¥ﬁgtgﬁtg§ c%a%ﬂeohl%PP§e That is
sub-areas, a test wite oper S6n is st
performed in the | aser beam scanning direction
why jthdi casedwbytd heorar Mg hekpkewise, siuwtherkasetl, t2, t3,
beam al so scans the information storage | ayer
0 [ nd ef.or uh; re s .t
bk 11%5 %%&/atsg t%5 andh‘gﬂo aohn %'rideéed%eg as glgped in the
the order of t5, t4, t3, t2 and tl. [0059] Ch
scanpfheg otheechegrd, of hechcasbrsdieapesCans ﬁh@icataﬂ by the

i nformati on storage Iayer LI inward (i.e., from
0 dial | ion toward the inne
arroﬁgnEH ?&?he ISb). $£t cas m@i e tes% areas tl, t2,

zone Ti thereof has sub ar eas tI t2, t3, 38

t3, Beilﬂ92@@95603582x3&@guestandgsosen,imwammicmhat is to
addresses are assigned in the scanni ng

s5ay, g{r‘.f?%\?\c’:\gdt%r% (é]%b orZﬁ 36‘:5 %{hn H;]r cocré:fsegdl Cataerdeabsy E.I?etZ, t3,
sub-areas tl, t2, t3, t4, t5 and so on are

t4, séq&mﬂnéoabhyiaseﬂbdadﬁmatd.tH&u£Ecbsd bocesaystt hee next,
innernDst one of the unrecorded sub-areas tl,

and 5% £oltn '%Pgng SO L0 15 188d Lh st p1he 4y, the
secon |nnernos

sub-areas are used in the order of ©5, t4, t3, t2 and tl.
Nevertheless, in each of those sub-areas, a test write
operation 1s still performed 1in the laser beam scanning
direction indicated by the arrows. Likewise, the laser beam
also scans the information storage layer L2 outward, and
therefore, its sub-areas t1, t2, t3, t4, t5 and sc on are used
inward in the order of t5, t4, t3, t2 and tl.

[0059] On  the other hand, the laser beam scans the
information stcorage layer L1 inward {i.e., from some outer

radial leocaticn toward the inner edge of the disc). That is

why the test write zone Tl thereof has sub-areas t1, 2, t3,
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next, and so forth. In the exanple illustrated
in FIG 4(c), the sub-areas are used in tRETIP2005/003782
order of t5, t4, t3, t2 and tl. [0060] In this
manner, the sub-areas of each test wite zone
are used in the opposite direction to the | aser

t4, DEAMSCAINIAY Qi GG BN ddaioncbNe i IRELEODY in the

ich the I'ight beam spot goes). Thus, "even

|f any sub-area of the test wite zone were

scangery r oyedcwiath péo tihet ebseed riperdt abf orinponeted by the
during a test wite operation to make it

arrogﬁfgﬁcgké.fﬁ[cﬁhe % gpﬁape %sgosﬁgléfggs t1, 2,
the track there, e area ere t e test wite
operation should be perfornmed could still be

t3, tdachBdawd thouwtn Passiengethea destuseyedusubccr edhat is
because the test wite zone is used in the

to stg’t?potg’}lté elnq{e|5%8££°9né Oo% hl:eflel 'uglggcgﬁ%g %t areas tl1, t2,

avel 1 ng or exanple, even | e sub-area tb
of the test wite zone TO of the information
t3, &#orbgeatrdywr O imasiskeeir3, PAW JR2008/ 00898 st one
destroyed wth intense irradiation power during

nextthgn QQ;i%S%E, mﬁltgh@9§£%1lgnlliu§%f§¥%Ee§§e§IG 4{c),

€ renmi ni ng unrecor wite zone
tI, t2, t3 and t4 can st|II be detected
the seguenrtisably,usand \hhehoutwarnost uhused s$db-8t emd t1.
t4 can be detected during the next test wite

[006§fer atzlI On ?Iﬁf—;‘!?]l% eétsqdh s&a#%rggss n f rc%mtest write

zone are used in the opposite direction to the laser beam
gcanning direction (i.e., the direction in which the light
beam spot goes). Thus, even if any sub-area of the test write
zcne were destroyed with too intense irradiation power during
a test write operation to make it difficult for the light beam
spot to follow the track there, the area where the test write
operation should be performed could still be reached without
prassing the destroyed sub-area because the test write zone is
used 1in the opposite direction to the 1light beam spot
traveling. For example, even if the sub-area t5 of the test

write zone TO0 of the information stcocrage layer LO has been
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wite zones of the respective informtion
storage | ayers are used, any pair of adj ad&rfP2009/003782
test wite zones are used from their farthest
ends in nutually opposite directions. For
exanple, the test wite zone TO of the
destEB§Q£n%gﬂﬁjQn%%95@9§rrgéﬂé%ﬁoﬁcb§%é¥t&%ﬂiggb@hgsfggt test
froma sub-area on its outer " peripheral
TOb, while the test wite zone Ti of the
writpnfopemation stbeagedrayess Le' st-art semgibenysedrecorded
froma sub-area on its inner peripheral end
tesfﬂﬁ%ltgh@kmeé Wﬁy m@?n E?ea£§SE4 W%thHQHQIQ&Qo@etected
has "been performed still a relatively snal
nunber of tinmes, the recording power can be
sequglet exkivnedand t hhet IpstppfoTlenteuedc t Ao Titrer t4 can be
| ayers further reduced. [0062] As described
e, [ r.di his
e e B hbear et “has Three Br fore
informati on storage |ayers, each of which has
(0064l t estAhgd,t @ezomE) Thateps f40m FIG. 2, when the test
PCT/ JP2009/ 003782 why even if those
writkNEQRIBLLON, 31 OLAGR J AV $,EDAL LG SLBEkED 1avers are
one upon the ot are Irradiated wth a aser
beamat nutually different intensities or
usedy egpEctiavel yidi 4diacent tﬁherwantenwpneﬁwamespsad from
test wite operation can still be performed on
thQLEh%aE§BQ§E eHEquﬁﬁ'ﬁﬂkﬁﬁfi aQ%m%@X%é’fﬁQe@@iéﬁk For
a wite operation is going to“be perforned

u5|ng its test wite
example, the test write =zone TO of the information storage

layer LO starts to be used from a sub-area on 1its outer
peripheral end T0b, while the fest wrife zone T1 of the
information storage layer Ll starts to be used from a sub-area
on its inner peripheral end Tla. That is why when the test
write operaticn has been performed still a relatively small
number cf times, the recording power can be determined with
the influence of the cther layers further reduced.

[0062] As described above, an optical disc according to
this preferred embodiment has Three or more information

stecrage layers, each of which has a test write zone. That is
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zone under the operating environnent of that
| ayer. Consequently, the best recordi ng p&WEFP2009/063782
can be determ ned for each of those
i nformati on storage |ayers. [0063] In addition,
those information storage |ayers are arranged
why %beHUEPaéﬁ&%é“ﬂH%%&ﬁﬁ%iéﬁ“%ﬂﬂrah@cEéﬁéHESﬁﬁ%taére stacked
not to overlap wth each othér in the stacking
direction. For that reason, the test wite
one operrat Lba camebe per f orhediqisst wsthi mt ehafead oheam at
each information storage |ayer either wthout
mutug§h?g d@%%gf:énqd Pﬁﬁ*ér@th’e!ﬁt I.ng st at e%_q],ﬂfgfy different
test wite zone o any ot her information
storage | ayer or at least with such influence
thermihi mhzederydsnta, r esukestt hgikecowrdiragipoweancanill be
be deternmi ned properly for each informtion
l.ayer. 6 | [ .
perfé%@%@?ﬁ%ﬁﬁ%hg?ég%ﬁeé%%%gﬁﬁffﬁeggg%z5 0P§ggthon which a
informati on storage layer is used in the
writeppesidte ondis RETINEP2000¢ 003782 med) r eetrimritisotest write
the | aser beamthat is scanning the information
zoneSt L34 | qyer g}\g a%\llref‘gg L 80 RAE Ofod NELEST 1aper.
wite zone “wer estr yea WIh 1 ntense
irradi ation power, the rest of the test wite
Conszomentdaul dbst bektbeecusedi rappraopri atel e Gategpined for
of that, the recording power can al so be
eachde%%ﬁQk%egn ggtark%,fgrraggqg4I@gornatlon
storage | ayer wi t hout ~bei g arfect ed by any

[0063] In addition, those informaticn storage layers are
arranged at mutually different radial locations so as not to
overlap with each other in the stacking direction. For that
reason, the test write operation can be performed Jjust as
intended on each information storage layer either without
being affected by the writing status on the test write zone of
any other infcrmation storage layer or at least with such
influence minimized. As a result, the recording power can be
determined properly for each information storage layer.

[0064] What 1s more, 1in a situation where the test write

zone of each information storage layer is used in the opposite
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ot her layer. [0065] Hereinafter, a nore
preferred arrangenent of the test wite zdREEP2009/003782
TO, T1 and T2 will be described with reference
to FIG 2. [0066] Generally speaking, when the
informati on storage |ayer LO needs to be
direEEE@glége%kéM%éEé%lH@%ﬁrtﬂgénlstQé%Aﬁ¥ﬁ§’th@qukormation
shoul d pass through the information storage
| ayers L1 and L2. And to irradiate the
storppgodpati onowt oragye 1ayery Liayl t¢f athe abeyt write zone
beam the | aser beam shoul d al so pass through
weretEgstf#vgaru?£hofhégﬁyéaggr%§Q§¥iok2poJQ@I ) %@¥t of the
t he i'nformation storage layer L2 needs to have
t he highest transmttance with respect to a
test| aséte beam canddt helily dismisttlanpescrofiathéyot her top of
i nformati on storage |layers L1 and LO wi ||
de i.n:thi d PCI/ /.003
et AR b o Pt 5 S0 age Tayey £ ooerty for
efficiently, 1if an optical disc with two
eachi nhoemettiion sttorage Layer swhdsutalbeeadyabéerted by any
devel oped, it is preferred that those two
i.nformati on storage | ayers avail able be used as
Othe%hjzéayelrn'for mati on stor aée | ayers LO and L1 and
that only an information storage |ayer with
[CO6R] gh tHeamsnettance abenarewl yreferred arrangement of the

test write =zones TO0, T1I and T2 will be described with
reference to FIG. 2.

[0066] Generally speaking, when the information storage
layer LO needs to be irradiated with a laser beam, the laser
beam should pass through the information storage layers Ll and
L2. And to irradiate the information storage layer L1 with a
laser beam, the laser beam should also pass through the
infcrmation storage layer L2. 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 Ll and LO will decrease in this

order.
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devel oped as the information storage | ayer L2.
[ 0068] However, the information storage | apeFIr2009/003782
L2 should have high transmttance, and
therefore, can be designed nmuch |ess flexibly.
As a result, the wite performance of the
[006b?fornﬁs!ﬁgsf @r§g§o£ﬁﬁﬁ L%ﬂ%ﬁﬁlg q%&@&éo @%§Clently,
nore easi e i ght variatiod in a
witing condltlon such as the recording power
if gonpetriedlt olitsiee Widhorovet i orfostiekage bayerss L@yers has
and L1. The sane statenent also applies to the
i.pf or 0 e Laye ) t i
alre%8§sé%%%ingag%%$g %g %?ghéfﬁ?%g&@ tIEQ Efose two
transmttance of a given i nformati on storage
infokayerqgn theodzass flaxirbl y avhatlabdyer beanubed as  the
desi gned and the nDre easily its wite
1nfoB rfornagggr er|0£@tergye %O 5¥§nt%a only an
varil a on | a witing condition suc as
the recording power. 43 PCT/JP2009/ 003782
info@P&Q]orFostameanpl lyydd wher | hfor matamemigttenage be newly
| ayer L2 is irradiated with a | aser beam part
amis __tr n mtt ugh the
dovelpesl it LB SO Ags Py s D hnd thert
reflected back fromthe infornat|on st or age
[0C6Bayer Hdvetvewar dchet henfiaorfretdati errtogstoe ageviayé2 should
L2. In that case, if the test wite zone T1 of

havetglgh L?éﬁEHJH%EnEEPraﬁf L efgié,m%gg be designed much

less flexibly. As a result, the write performance of the
information storage layer L2 would deteriorate more easily due
to a slight wvariation in a writing condition such as the
recording power compared toe the informaticon storage layers L0
and L1. The same statement also applies to the information
storage layers L1 and LO. That is to say, in general, the
higher the transmittance of a given information storage layer,
the less flexibly that layer can be designed and the more
easily 1ts write performance will deteriorate due to even a
glight wvariation in a writing condition such as the recording

power.
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destroyed or deteriorated, the reflectance of
the test wite zone Ti would vary PCT/TP2005/003782
significantly. Therefore, the intensity of the
| aser beam woul d vary due to the |ight
refl ected back fronrthe test wite zone Ti
war d ma e n
{OO6§ ray %gﬁ?&ﬂ%gg %f Q?QQﬁ%t%%gfﬁnEggg gayer L2 is
zones T1 and T2 were arranged cl ose to each
irradtheed wheh tehelaseari atdaon parthefi ntfensiltyeof beam is
the | aser beamreflected back fromthe test
tran EE@e%F!#}eEbgt%ﬂ@r9n££¥%a€1 grgﬁgfa % ﬁtogagfé and then
ayer L2 woul’d be superpose as nolse OR thé
Iaser beam reflected fromthe test wite zone
reflgtedisback eSudn | tlee t esformatiibe eperagd oeweoulld toward
not be perforned appropriately on the test
the IfE)J_e Zto:t%% T% rag tfa er ?L%rdl r}% Q% I‘ COéJ| d ]‘:chthe test
&term ned oper¥ or thé imnforatio
storage | ayer L2 [0070] In view of this
writeornsingderati arf, ihet hienfopiacabn dissoradd layer L1 were
PCT/ JP2009/ 003782 101 of this preferred

i men the r dral ap en _the
deSt%‘OY?e Yones G Otra% %}g%n iﬁ m%?ﬁ% i oh élt%r%egSt write

| ayers that are Iocated closer to the | aser
zoneb@amwiontdentysuifiateidsstlpr ef dtabkyont dethd haftensity
the gap between those of two adjacent

nf rnatlon storage | a ers that are .l
of th fadest %m,fr %g tﬁr Iaser égh]ﬁhg%g ?glected back

surface. Specrfrcally, the radial gap
from the test write =zone T1 toward the information storage

layer L2 and stray light. That is why if the test write zones
T1 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 Tl toward the information storage
layer L2 would Dbe superposed as noise on the laser beam
reflected from the test write zone TI1. As a result, 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 layer L2.

o070} In view of this consideration, in the optical disc
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between the test wite zones T2 and T1 of two

adj acent information storage |ayers L2 andcltAr2009/003782
(i.e., the interval between T2a and Tl b) that

are |ocated closer to the surface on which the

| aser beam 200 is incident is preferably w der

101 gﬁ§Q+%% %erd}mgﬁp the %GSEhMWItJ%a Oggs E%tween the

acent ormati'on’s oraEe
| ayers L1 and LO (i.e., the interval between
testT@riard zOhb¥ thhattwar ediecatedinbreadiishastof @ layers
the I|aser beamincident surface. [0071]
Specgi i f th ormati op storage

]
enat BFE 1460 3kP Rountod TronPERb bie ERa SHErece is

| ocat ed nDst distant fromthe surface on which
preftheblaserddrearha200:-Hes gapndicdemen tthess adf aktwo adiacent
| ocation difference (T2a-Tlb) between the
1ﬂf0{ﬂ£€{o erlmES%ZEaQ%%%T %tg%a%¥ o%%&%#g%&%cghagant from
and third nost distant 45 PCT/JP2009/ 003782

the ilLafer masmonnsiosagedr-ayees Ldpaaridib2l and thleeradial gap
inner peri pheral end T2a of the ot her outer
ite zone T2 is efe 99er t han

betw?% F£%|aTe ocifion & Sre %?O a2l Bj twe adjacent

bet ween the outer peripheral end TIb of the
infornmeroronetddagaf theetest2 wrid erzongseTO an@d Tinterval
of the nost distant and second npbst distant

betw%%%9¢paghgantoH%%¢ argeigbéégdag og%raﬂgtagesurface on
which the laser beam 200 is incident is preferably wider than
the gap between the test write zones Tl and TO of two adjacent
information storage layers Ll and LO (i.e., the interval
between TOa and Tlb} that are located more distant from the
laser beam incident surface.

[0071] Specifically, if the information storage lavers LO,
Ll and L2 are ccunted from the one that 1is lccated most
distant from the surface on which the laser beam 200 is
incident, the radial locaticn difference (TZa-Tlb) betwsen
the ocuter peripheral end Tlk c¢f the inner one M1 of the test

write zones Tl and T2 of the second and third most distant
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peri pheral end TOa of the other outer test
wite zone TO [0072] According to such arrcTir009/003782
arrangenent of test wite =zones, a w der gap
is left between a pair of information storage
| ayers that would be affected nore
I ficantl t he I| ht f ted froma
lnforggacentq; Afor na X?Yon S o%ageiglafgrq“iﬁﬁner peripheral
redu0|ng the influence of the light reflected
end fIRamcfanhadjcaternt cunéor natti onr Stcorage ITayeas. pAsferably
aresult, atest wite operation can be

ssoo LSO 0P &L 00 LD olee ML 01

recording power can be determ ned properly for
the bheetnporimatdan shar age of ayes . iddrradéit TDNofathe test
narromer gap is left between a pair of
ornatl n _storage rs t hat woul d be
it PR R TPogt Slanit | Mty by L He M g second most
reflected froman adjacent information storage
disthayernfdhesidrhesigapgbetiveensthe 464 L1 and the inner
PCT/ JP2009/ 003782 informati on storage |ayers

0 unn cessarlly wide and the lead-in
Peﬂﬁiﬂ%a%f %P 028 dt Hore et SUtFiet 5t Gritepr ot 0.
that, as there is no need to expand the |lead-in
[0o7area, mcosdfifiycitent kMcmi der datsaf@@ntanobe test write
secured as well. [0073] Optionally, in a
situation where the test_ wite

ap between the
2ONC%onés B €ack hai v &%fgdfﬁggﬁFnlﬁ?o?%kﬁlﬁﬁ information
st or age
storage layers that would be affected more significantly by

the light reflected 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 on the test
write zcone of each information storage iayer and the recording
power can be determined properly for the information storage
layer. 1In addition, a narrower gap 1s lefi between a pair of
information storage layers that would be affected less
significantly by the 1light reflected from an adjacent

information storage layer. Then, the gap between the
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| ayers is defined as described above, the test
wite zones TO and T1 of the information PpcT/IP2009/003782
storage |l ayers LO and Li nay be arranged at
the sane | ocations as the counterparts of the
two information storage |ayers of a
info%%ggfgglsIy%ggguﬁg_éa Qwi lo%%%P%L gﬁSééegsanEatwide and
case, even d’conventional” optical “di st Fiveé
can also performa test wite operation on the
the tlesti-iwr hteagzones O andd Tiood &hecdptvictal dicsc top of
101 of this preferred enbodi nent only by

maki ng, a rel atively si e chan n the
that g de OB (s T e Rt & PR EehECof Spdsin ares. a
wite zones can be used effectively in a
suffweidée-lgneedoeptidtalardiasca0baMieehradsess datta. can
be witten only once. However, even if such an
rangenent of test wite zones is adopted for
10073] F STEErET Lt 1 Cal TSR T o RTsTe| SO hpbuee the
i nformati on storage |ayers, 47
test PCFL JP2002/<003782ch opa i th ad@tkaecanib® rwiaict b@Nstorage
optically, the recording power can also be
determ ned properly for each information
Layegs ot AT e mﬁ?%%ﬁob%iaﬁa"%ff%l?:ec df By "ahye zones TO
adj acent information storage |layer. [0075]
and Jnecif i € | ynrasudtabna stevasd abheeoptt.eabndi &€, may be
the test wite zones TO T1 and T2 of the

i nformation storage ,
arranged at the same ldcations as the counterparts of the two

information storage layers of a conventional dual-layer
optical disc. In that case, even a conventional optical disc
drive can alsoc perform a test write operaticn on the test
write =zones TO0 and Tl of the optical disc 101 of this
preferred embodiment only by making a relatively simple change
on the sequence.

[0074] Such an arrangement of test write zones can be used
effectively in a write-once optical disc on which user data
can ke written only once. However, even 1if such an
arrangement of test write zones 1s adopted for a rewritable

optical disc with at least three information storage lavers,
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| ayers LO, LI and L2 may be arranged as shown
in FIGS. 5(a) and 5(b). [0076] The arrangen®emm009/003782
of the test wite zones TO, Tl and T2 in the
optical disc 102 shown in FIG 5(a) is the sane
as the one shown in FIG 2. As for a

o e oS O oI R T2 e He s S hoanging power
dlrectlon. This is because in a remwltable

can @pkbcak desermirhel proaAshyt fanceadf irfertesion storage
wite zone TO can be unchanged if the

recor rks left b forn1ng test  wr
1a3’96pe“%1at33 Je“gerégé%cyﬂp s6Y it a ?g%ﬁfc? Hol é“%"matlon
opti cal dISC, any arbltrary sub areas of the
storb@Stiamat.e zones TO Ti and T2 can be accessed
at random [0077] Alternatively, in a
rewitable optical disc, the test Mﬁlt
100750, 10 15" & e 2ar PARGEE K Ph ERb o, the
48 PCT/ JP2009/ 003782 optical disc 102‘ shown
testi kL& Z20b). Ton thatarchse? bhe thestinfwkhition storage
zone T2 of the information storage |layer L2 is

arranged sest to the inner edge of the

layeq k0. mhh%méo W B K S5 He S SgpE hEn FIOS. (@)
i nformati on storage |ayer LI is arranged

and Slwsest to the outer edge thereof. And the test
wite zone TO of the information storage |ayer

LOis arranged closer to.the
[007%] The arrangement of the test write zones TO, T1 and

T2 in the optical disc 102 shown in FIG. 5(a) 1s the same as
the one shown in FIG. 2. As for a rewritable optical disc,
however, the test write zones T0, 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 performing a test write operation
are erased. Also, in a rewritable optical disc, any arbitrary
sub-areas of the test write zcones TO, Tl and T2 can be
accessed at random.

[0077] Alternatively, in a rewritable optical disc, the

test write zones TO, Tl and T2 may also be arranged as in the

48



outer edge than the test wite zone T2 of the
informati on storage layer L2 is, but cl osacrti®oosnozrse
the inner edge than the test wite zone Ti of

the information storage layer L1 is. [0078]
Specifically, if the informati on storage |ayers

. cou omthe one i s_|located nost
ootiGhE, af S TaRd FhaMh I RS BBl ort iR S GelR, the tost
beam 200 i s |nC|dent, the radi al | ocati on

writdl bbes erc e Hha- Tab)rhed weentbhggOUlBfer L2 is arranged
peripheral end Tlb of the inner one T2 of the
test wite zones Ti and T2 of the second and

CLoSPREr BOMBAT UPEX artodnicor rid OH St o Bges. Payereot write
L1 and L2 and the inner peripheral end Tla of

zonet hEL  @FhethOUt BEchiRSli oW | §bZ0Re TdydrS 1.1 is arranged
preferably bigger than the radial |ocation
di fference (Tla-TCb) between the outer

closggr i phéal “Bhar W%Fhﬁﬁéolnné“doﬁléeﬁ%f WRee zone TO

test wite zones TO and L1 of the nobst distant

of tahdisecondimmstrdisianta 49 BETIJIP20093/Q03288ser to the
i nformati on storage |ayers LO and L1 and the

i nner peripheral end Tla of the outer test
outeqy frge z SHBTEPCh eSSt 667 R en Tohedr EPer fagormation

enbodi nent descri bed above, the three test

storWgé t Eajfé%qeﬁZ TS, Thugndidz=nares alfHeanﬂﬁ'daratedge than the
nmut ual different radial |ocations so as nhot
to overlap with each other. However, if the

Lest| yghte reprrett edf fihem therifiennatpetpe laver Ll is.

[0078] Specifically, if the information storage layers are
counted from the one that is located most distant from the
surface on which the laser bkeam 200 is incident, the radial
location difference (Tla-T2b) between the outer peripheral
end Tlb of the inner one T2 of the test write zones Tl and T2
of the second and third most distant information storage
layers L1 and L2 and the inner peripheral end Tla of the
other outer test write zone Tl is preferably bigger than the
radial location difference {Tla-TCb) between the outer
peripheral end TO0b of the inner cne TO of the test write

zones TO and Ll of the most distant and second most distant
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storage |layer LI affects alittle the
information storage layer L2 and if the | ipghir2009/003782
transmtted through the information storage
| ayer L2 affects a little the information
storage | ayer L1, then the radial gap between
the test wite zones T and_T2 o he . .
lﬂfom?a%ﬁ%ﬁagieof%@erﬁ N G (Y dnpe peripheral
optical disc 103 shown in FIG 6 may be
end DBAreNeThd hanekntdde wrateangenamnt tobrébe. t est
wite zones shown in FIG 2. [0080]
Speci fi cal | FIG 6 |IIustrates an arran
100757 ost e § EToEReEd noBDLTINAE GIFdPB L HePEs:  the
is the narrowest (i.e., zero) radial gap
threbetaeentike t6sés Wwd ! erizemes T3 hanth rrb2gedhds, mutually
the inner and outer peripheral ends T2a and T2b
the test wite zone T2 are perfectly
dlff%f?@&eﬁa@ﬁ%#1%?ﬁ?ﬁ%ﬁﬁér*“hnﬁSoBPg tﬁeﬁﬁﬁﬁé?%IWlth each
ends TCa and TCb of the test wite zone TO,
othe®Nd LiBR=dLst Wridhe 20088 Tard&ekcBO Rkl KekY information
overlap with 50 PCT/JP2009/003782 each other.
However, the test wite zone T2 may al so
storafer Lage” okily Parcral 19 W th's he"e eéflfm%tewn storage
zone TO. [0081] That is to say, the test wite
layeZOie £fq tire cnnfiogpat £ ohstioragerhayeh that ihsormation
| ocated closer to the surface on which the
| aser beam 200 is incident may be arranged in

storydfe VREFhi &Y oFfEHAE oF EHEC vt obfrat oA & drdgestorage

layer L1, then the radial gap between the test write zones TO
and T2 of the information storage layers LO and L2 in the
optical disc 103 shown in FIG. 6 may be narrower than in the
arrangement of the test write zones shown in FIG. 2.

[C080] Specifically, FIG. 6 illustrates an arrangement of
test write zones in a situation where there is the narrowest
(i.e., =zero) radial gap between the test write zones TO0 and
T2. Thus, the inner and outer peripheral ends T2a and T2b of
the test write zone T2 are perfectly aligned with the inner
and outer peripheral ends T0a and TOb c¢f the test write zone

TO, z=nd the test write zones T2 and TO entirely overlap with
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| ayer that is located nore distant fromthe
| aser beam incident surface. Specificallypcrip2009/003782
the three information storage layers LO L1
and L2 are counted fromthe one that is
| ocated nost distant fromthe surface on whi ch
the | aser beam 200 is incid th adla
each| §elgy on HAFYEF entd® bteets\ﬁegﬁlg 2or|1enﬁr62: also overlap
peri pheral end Tla of the inner one Ti of the
onlyl 8sttiaMmivt Rizongs TOsandriie ebntheo nost di st ant
and second nost distant information storage
yers LO and L1 and the outer heral end £ th
[OOS%tb of e dfhefCout®df’ t éSf whFt W#% “To*Pe® © ©
preferably bigger than the radial |ocation
infodhifoireneechetaeanyet hectiatnet s perdcphedal cengtr to  the
TOa of the inner one TO of the test wite
zones TO and T2 of the nost di nt, and third
surfaget ongj it Fﬁ?or%ﬁﬂ??onb%ﬁqargé gy er 831G HEnghay  be
L2 and the outer peripheral end T2b of the
arraﬁ@@@riﬂutﬁé testnimy ter zone ©E $k information storage
PCT/ JP2009/ 003782 [0082] FIG 7 is a schematic
representation illustratin how a deteri orated
layegr ddhddn the 495 Hat 1O ngFE. P dyer L9e wodfgr Peam
affect the other information storage |ayers LO
inci8bg LiurrSupposessi-rakeasy ) nekudet | phide t@sbrmation
wite zone T2 of the information storage |ayer
L2 have been destroyed due to intense
sLorppd ot ¥SoROpotter 280 PorihdECEPF BT at 6t &Pgagne That 1s
130 and

located most distant from the surface on which the laser beam
200 is incideht, the radial locaticn difference between the
inner peripheral end Tla o¢f the inner ocne Tl of the test
write zones TO and Tl of the most distant and second most
distant information storage layers L0 and L1 and the outer
peripheral end TO0b of the other outer tesl write zone TO 1is
preferably bigger than the radial location difference between
the inner peripheral end TOa cf the inner one TO0 of the test
write =zones TO and T2 of the most distant and third most
distant information storage layers L0 and L2 and the outer

peripheral end T2b of the other outer test write zone T2.
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131. Although the deteriorated areas 130 and

131 have the sane size, the ratio of the PCT/IP2009/003782
deteriorated area 131 to the spot of the |aser

beam 200" left on the information storage |ayer

L2 before being focused on the information

ora ay r. LO IS Ler than t : .
10003} er Vel off 4ed TSUEG the SPACIaTha FaceFerating
beam 20 |l eft on the information storage |ayer
how =2 ddrefrapeatel ng-daocusechonidfenanf or natéocmwe layver L2
storage layer L1. That is why if the sub-areas

cl uded t t est t
o ISHEE L LS LSk L SO0 TE IO RER s 1

will be affected to a | esser degree than the
Suppb B OB Rt4 R sStiokageed | ayethdl teforwtinat ac@as@?, of the
the radial gap between the test wite zones TO

and T2 of the information storage |ayers LO
infofBAT i DE 4 Har W 2o Th TRE" arFafgenEnr oF T due wo

the test wite zones shown in FIG 6. As a
inteh@sUl FradMdthohheokatf | teneermfdets2 iB€ated areas 130 and
T/ JP2009/ 003782 anot her information storage

ayer on the test wite zo m ni zed est
mw|5%§59B8PaFP8nd@ﬁﬁrb%riﬁﬁ4lﬁﬁﬁ§§ 1%% H %1ve the
on each test wite zone and the recordlng pomer
sameCanzde et emisedr priepeidierfioraeat huraaf aBats othe spot
storage layer. 1In addition, the lead-in area

can_be reduced and .a suffiglentlg w de d %
of t&?e&aéaﬁ %%m%é%ﬁye&eft on t formation stcrage layver

1.2 before being focused on the information storage layer LO is
smaller than that of the deteriorated area 130 tc¢ the spot of
the laser beam 20 left on the information storage layer L2
before being focused on the information storage layer L1.
That is why if the sub-areas included in the test write zone
T2 have been destroyed, the information storage layer LO will
be affected to a lesser degree than the information storage
layer Ll. For that reason, the radial gap between the test
write zones TO and T2 of the information storage layers LO and
L2 c¢an be as narrow as in Lhe arrangement of the test write

zones shown in FIG. 6. As a result, with the influence of
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[0083] In the preferred enbodi nent shown in

FIG 2, the radial gap between the test wract@r2000/003782
zones T1 and T2 of two adjacent infornation

storage layers L1 and L2 (i.e., the interval

between T2a and Tl b) that are |l ocated closer to

he face. on which the | aser m
anothlE; dANEITSC et | AGBTTE  BAYAr QP ¢ nah tRGE. write zone
radi al gap between the test wite zones TO and
minihlzed, t wa adkﬁﬁﬁntwimﬁﬂrn@@éﬁﬂti&horagﬁl|aN£rSperformed
LOand L1 (i.e., the interval between TOa and
at are |located nore distant fromthe

Tl b) t .
2001 ek Hoati REFGRE: SUTT#Ee “oPBuaert s FocpREFey pover

IS a narrower gap in the thickness direction

can bet weenrtihed phdesimt iron sief ageokayelisn [@cahde layer.
L1 than between the infornation storage |ayers
Li and L2 (i.e., if the spacer layer 111 is

In 13884 T i pfck Fﬁ%n %?ﬂ?’éBacéFeFayg?nlléeasr%?ﬁﬁﬁ¢ end  a

in FIG 1), then the influence would be nore

surrskgafliCantie beiveenea53aPGH 1R20094003782 the
informati on storage |layers LO and LI than

between the information storage |ayers L1 and
[OO8PD | n'% hat® casel et @rr%mdérﬂegap%@weéﬁ the- 2, the

test wite zones Ti and T2 of the infornmation

racist ogage dedYeks lkhecandd? dhat alRdsocat egha T2 of two
closer to the incident surface may be narrower
than the radi al between the test wite

adjaggples ITEP RS T OFE‘?W@‘% nfoY®eti §h and L2 (i.e., the

interval between TZ2a and Tlb) that are located closer to the
surface on which the laser beam 200 is incident is defined to
be wider than the radilial gap between the test write zones TO
and Tl of two adjacent information storage layers LO and L1
(i.e., the interval between T0a and Tlb) that are located more
distant from the laser beam incident surface. However, 1f
there is a narrower gap in the thickness direction between the
information storage layers L0 and L1 than between the
information storage layers L1 and L2 {(i.e., 1if the spacer
layer 111 is less thick than the spacer layer 112 as shown in

FIG. 1), then the infiuence would be more significant between
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storage |layers LO and LI that are | ocated nore
distant from the incident surface as in thermroos003782
optical disc 104 shown in FIG 8. [0084]
Particularly if the radial gap (or interval)

between the test wite zones Ti and T2 of tmn

ad acent .information. stora
the OTRARIPT S o%@fe% ?‘ﬁe % i etwee“ the
|nC|dent surface is reduced to a I|n1t to nake

infokthgr i@adstd @ eRsyds SRl knas 1p0Ossi bhezhtberase, the
the radial gap between the test wite zones TO
and Ti of two ad&acent i nformati on stora

radiphy P8 POYERA" LINBhat>Sar &4 '¢CatEd Sfor'e o'?%‘i‘ ahf ©f the

fromthe | aser beamincident surface is

info@ﬁ@@ﬁﬁﬁbﬁ%r@@@a&@ﬁeﬁgﬁﬂﬂtiﬁﬂ'ﬁﬂﬂﬁﬂat GaP located closer
(interval) between the test wite zones Ti and

T2 of two adjacent information storage |ayers
Lo tPp dRELEDNE Mt IRCE MGdatsd NECIFBERT Hot hid'S asetial gap

beam i ncident surface as in this preferred 54

betwE&d/ 420095003782 emhedi MentandTh@N, ot hehe information
recordi ng power can be determ ned properly
with the influence of the light reflected from
storgff l?¥ﬁ%ﬁrﬁ&|%ﬂ¢-§¥br%ﬁﬁ¥I%ffeﬂoEﬁt?%dﬂ€§% distant from
[0085] In the preferred enbodi nent descri bed

the @Q@@@%nﬂI@%rf@@éi§@Jiﬂ“ﬁﬁé 191iks1 supposed LRown in FIc.
have three information storage |ayers.

However, the present invention is also
applicable to

[0084] Particularly if the radial gap {(or interval) between
the test write zones Tl and T2 of two adjacent information
sterage layers L1 and L2 that are located closer te the laser
beam incident surface is reduced to a limit to make the lead-
in areas as small as possible, then the radial gap between the
test write zones TO and Tl of two adjacent information storage
layers LO and Ll that are located more distant from the laser
beam incident surface 1s preferably greater than the radial
gap f{interval} between the test write zones T1 and T2 of two
adjacent information storage layers Ll and L2 that are located

closer to the laser beam incident surface as in this preferred
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an optical disc with four or nore information
storage layers. |In that case, anong those rEOIH2009/003782
or nore information storage |ayers LO, LI, L2,
etc., the information storage layer that is
| ocated nost distant fromthe | aser beam
incident surface is pref rabl& the |la er,
enbop gt or riliTon Sbor ABESFRYE VRUTaceRT (B
| ayer LOis layer Li, and so forth. (ENBODINENT
propdyl{ 0086] Hes eimafdeke afsecendiphef eefeebted from the
enbodi nent of an information storage nmedi um
according to the present invention wll be
lnfoa%%%F?bé%OﬁF?ﬁ ¥ r@ﬁc%9%%9¥%e acconpanyi ng
draw ngs. The information storage nmedi um of
roosthi s pref ens ed rembegédreBibbSimadlts c@iderda above, the
wite-once type or a rewitable type. The
optical disc of the second preferred. epbodi
optiPat (g 185 POTFTRS60) DOSTHE THEr Ul i Lo storage

additional information storage |ayer L3, i.e.,

layeh@s abMfed NFoMBl-beRn St 0f Age: iloay kS 20%er abblicable to
unli ke the optical disc 101 of the first
preferred enbodi nent descri bed above, That is

an oppigay disy MHENSEPUELOF "G tRECEPEI A Sfogeve lavers.
101 shown in FIG 1, the infornmation storage

In tﬂ@%eﬁmg%,i%m%QQGQhQQEW&%ﬂr tohe ddreoringir@ition storage
storage layer L2 and the cover layer 113 and

anot her spacer |layer is inserted between the
layepﬁf%ﬁwn%ﬁ,oﬁz etc., the information storage layer that is

tHetermlned

located most distant from the laser beam incident surface is
preferably the layer ©LO, the information storage layer

adjacent to the laver LO is layer L1, and so forth.

(EMBODIMENT 2}

[0086] Eereinafter, a second preferred embodiment of an
information storage medium according to the present invention
will ke described with reference to the accompanying drawings.
The information storage medium of this preferred embodiment is
also either a write-once type or a rewritable type. The

optical disc of the second preferred embodiment further
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storage |layers L3 and L2. [0087] FIG 9 is a
schemati c cross-sectional view of an opti eakir2009/003782
di sc 105 as a second preferred enbodi nent of

the present invention. No spacer |ayers are

shown as in FIG 2. As shown in FIG. 9 a

. | ead-in ea. R3 ranged | an .
e GEt U G e hi BURRET OO SOPagEc | MyeF L3 i-ecr Bas
that has been added to the structure of t he

fourOptnifeahati & C dfraard there icsedallestnlWidd ethe optical
zone T3 in the lead-in area R3. [0088] As shown
., test wite zones TQ Ti, T2 are
aisel GOk &F (T2 o Fbade TR oot Cas TR RE RECHRE e @bove:
of the information storage |layers LO L1, L2

Thatand 3, sadvespacthy eitfuctliheser t@st opfid#l z08€S101 shown
TO Ti, T2 and T3 are arranged at nutually
different radial |locations so as not _to ov

in Bfft nl 55T IPFIGer608 7852 9% ad %ot ér 4t @ gF‘F‘? between

in the direction in which these infornation

the Shebage iayensrk@ LiyedtZnanthd Ihar ecstackeger 113 and
one upon the other (i.e., as viewed in the

direction in which the | aser bheam 200 corre %. ,
anothopggPINEFe SPET f i eal 13PSH A% REHE cai i g ormarton
105, the inner peripheral end Tla of the test

stor¥hd t By zoRerdiaef ohe second i nnernost
informati on storage |layer L1 is |ocated

[G0B7] FIG. 9 1is a schematic cross-sectional view of an
optical disc 105 as a seccond preferred embodiment of the
present invention. No spacer layers are shown as in FIG. 2.
As shown in FIG. 9, a lead-in area R3 is arranged in an inner
portion of the information storage layer L3 that has been
added to the structure of the cptical disc 101 and there 1is a
test write zone T3 in the lead-in area R3.

[0088] As shown in FIG. 9, test write zones TO0, Tl, T2 are
located in the lead-in areas RO, Rl, R2 and R3 of the
informaticn storage layers L0, L1, L2 and L3, respectively.

These test write zones T0, Tl, T2 and T3 are arranged at

mutually different radial locations so as not to overlap with
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closer to the outer edge of the disc than the
outer peripheral end T3b of the test witeCT/ip2009/003782
zone T3 of the innernost information storage
| ayer L3, and a gap (or an interval) is left
betmeen themso that the test wite zones do
S R e R
bet ween t he respectlve radlal Iocatlons of the
storbg@enaperd phey abiend2T3hdand tdhe outzerked one upon the
peripheral end Tla. [0090] Likew se, the inner

erl pheral end T e test wite zane.T
othegy ((h- t hf d i ARG nb%ttcpﬁf SRt on st'or gbleCh e 1aser
| ayer LOis located closer to the outer edge
beamOP0od herdissc than the outer peripheral end TIb
of the test wite zone T1 of the second
innernpst i nfornati n stora | ayer

10083hp t HEe | SPGEAREA LBy (e Gt £ UPEHCE bltveodos the
the respective radial 57 PCT/JP2009/ 003782

innekogatigmsrOf 4he Tiwesrpenkphesal wende T@Bnan@l of the
the outer peripheral end Tib is left between
them [0091] Also, the inner geri heral end.T2a
SeCOBf tIHEErBRET witle TS bhd THE8F ¥ he GUEETr t 18 located

information storage layer L2 is |ocated closer

clostd thearubete pdgeyofort hRe dise: thhan the Quier peripheral
peri pheral end TOb of the test wite zone TO of

the third innernost information storqgg | aye
end 'E@) %d:h& gjgf)tt‘ﬁra]ttel gone T3 of the innermost 1nformatlon

storage layer L3, and a gap (or an interval) is left between
them so that the test write zones do not overlap with each
other. This gap has a distance that 1s defined by the
difference between the respective radial locaticns of the
inner peripheral end T3b and the cuter peripheral end Tla.

[0090] Likewise, the inner peripheral end TO0a of the test
write zone TO0 of the third innermost information storage layer
L0 is located closer to the outer edge of the disc than the
outer peripheral end Tlb of the test write zone Tl of the
second innermost information storage layer L1, and a gap that

is defined by the difference between the respective radial
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defined by the difference between the

respective radial |ocations of the inner pcTiP2009/003782
peri pheral end T2a and the outer periphera

end TOb is left between them [0092] If the

four infornation storage |layers LO L1, L2 and

ted.f th te
tocab3BE S GOUMLES, LM LUS PRE DL LS AL o cuver

| aser bean1200 is incident, the test wite
peripbaeall2rof Thheid higfd pastesh sthant i nf ormati on
storage layer L2 is |located closer to the outer

ge of the _disc than th e TO :
100544 0E narTiter CF sTOHE® HoAPBRRETT G e ORadn gy GRot write
LOis. And the test wite zone TO of the
zonel MFDr pat ited stiaf-age sk ayierrokfat sod ogat eth<| 05@tr 1.2 is
to that outer edge than the test wite zone Ti
second nmost di stant information stora
locaF%i?/eF ?I°Y StO S8 PEHETP2609F063782¢ 6593 A sb! e outer
t he test MWIte zone T2 of the information
perifhOffigeehd@yeob Lari $hkoGatsed waligserzohe thoe qFutile third
edge of the disc than the test mwite zone of

the informati on storage |ayer is. And the
lnnef@%?tM#Pf%p¥ﬁﬂ€anﬁﬂf ﬁelﬁﬁﬁ6rﬁﬁt|6ﬁmis?093§ethat is

| ayer LI is located closer to that outer edge
defihBan by henhtesy: Mfdde@ czonBetddedf the foiHddrtAwst radial

distant information storage |ayer L3 is.

locations of the inner peripheral end T2a and the outer
peripheral end TOb is left between them.

[0092] If the four information storage layers LO, L1, L2
and L3 are counted from the one that is located most distant
from the surface on which the laser beam 200 is incident, tThe
test write zcne 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 TO0O of the most distant
informaticon storage layer LO is. And the test write zone TO
of the information storage layer LO is located closer to that

outer edge than the test write zone T1 of the second most

distant information storage layer Ll is.
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[0094] Furthernore, the test wite zone T2 of
the third nost distant information storagecrirzo09/003782
| ayer L2 is located closer to the outer edge
of the disc than the test wite zone TO of the
information storage layer LOis. And the test
|te ne TO of the information.,stara
[009 téa1 g%%? Wﬁlt?ha?nou?%r g%ggh?h JjFormation
the test mwlte zone T3 of information storage
storhgyerajsd 12 {00} tA8 chotbe f4érsie prefer reede of the
enbodi nent descri bed above, according to the
arrangenent of the.test wite zones of t
disc, thagr W ehBobi HEAES s FOWR fHEFF%? énf?Fﬁghlon storage
wite zones TO T1, T2 and T3 are arranged at
layebutual ty deffieteat tesadialte eeakl @asorandedanformation
not overl ap mﬁth each other at all in the
direction in [ the information stora
SEOrpgy et 3yl et 59° S PSS 0o T 8 ke ngdae than
upon the other. That is why even if the test
the Webt eyziaRe zbhe0f3the dimnf aonmthofo st afiagentayeformation
L1 were destroyed, the | aser beamcould stil
reach the_test wite zone TO of the
storppt of3vgti 88 Sforage |ayer LO without (or at
| east al nost without) being affected by the
[ooshest whiti@ez@pee Tlchdestsoyadic£onseguent by, the third
test wite operation could be perforned just

as intended on the test wite zone TO of . the
most distant Information storage layer L2 is located closer

to the outer edge of the disc than the test write zone TO0 of
the information storage layer LO is. And the test write zone
TO0 of the information storage layer LO is located closer to
that outer edge than the test write zone T3 of information
storage layer L3 is.

7[0095] As in the first preferred embodiment described
above, according to the arrangement of the test write zones of
this preferred embodiment shown in FIG. 9, Lthe test write
zones TO, T1, T2 and T3 are arranged at mutually different
radial locations, and do not overlap with each other at all in

the direction in which the information storage layers are
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informati on storage |ayer LO and the recording
power could still be determ ned properly POT/IP2009/003782
the information storage layer LO Likew se,
even if the test wite zone T2 or T3 of the
I nformat i on storage | ayer L2 or L3 were
troyed rdlng ower.s could st|II
Stacg% n@%o gper ?or thB Wan orr%rﬁtl SRt e test
storage Iayers LO LI and L2. [0096] Also, for
writthez@ane Tl easonthevemidrrbhéot r ansmbtt anecgerof L1 were
the | aser beam passi ng through any of the t est
wite zones. TO, Ti an . varied
desc Pl b boria S| SPEACH G 1O iy oSt write
zone TO, Ti, T2, T3 of each information storage
zonel ayerorfl@hel linflo2mat Bon Cotsequeentdyer a.ot esitthout (or at
wite operation could be perfornmed just as
i ntended on the est wr
Leas SR ML Br ik 76t BFBGE g 10, AoE, "bET Fone T1
L3 60 PCT/JP2009/003782 and the recording
destpoyel. couwcasstibhtDe det ewstnedipropefrytion could be
every information storage | ayer LO, Li, L2 L3.
0097] Next, it will be described in whic
Per UL D Ahe TERSE Tt BiS ORRS: TG L Zorf afg ot the
T3 are used. As indicated by . the arrows in
infoFh&id $thealgeacks car enar &mngede opeth®ling power could
information storage layers LO and L2 so that
the | aser beam scans the H}beor rr?tl on stora
in

stlllla%rcgetLeéméﬁﬁd L@W\;ﬁr HOJ(‘ ormation stgrage layer

0. Tikewise, even 1f the test write zone T2 or T3 of the
information storage layer L2 or L3 were destroyed, the
recording powers could still be determined properly for the
information storage layers 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
0, T1l, T2 and T3 varied, the laser beam could still reach the
test write zone TO, T1l, T2, T3 of each informaticn storage
layer L0, L1, L2, L3. Consequently, a tesl write operaticn
could be performed ijust as intended on the test write zone TO,

Tl, T2, T3 of each information storage layer LO, L1, L2, L3
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fromsone inner radial |ocation on the disc

toward the outer edge thereof). On the PCT/IP2009/003782

i nformati on storage |ayers L1 and L3, on the

ot her hand, the tracks are arranged so that the

| aser beam scans the information storage

ers Ll .and L3 inwa i.e.. fromsa

and LS E B n et St Shar G L e papbely for

edge thereof). Thus, as in the first preferred
ever¢mMothi-ment cdescridged lapeoyv a0, Dhormat i@ can be

read or witten wthout nmaking the | aser beam

ot ju all th toward the innermost or
100530 or B d€aloh Bk TRE GpITCar dTag 105 oC ions <he

every time the target |ayers need to be
testchangeddneoTONeTneXt2 anaf @Bmaté oms<st.or ageindicated by
| ayer. [0098] Meanwhile, as in the first
preferred enbodi nent escri bed above, the test
the \Wpi1¥ Sz onds 6 ﬁ’ T’ég%ndtﬁaé%gr e?%1 arrafoed>ion  the
PCT/ JP2009/ 003782 preferably used in opposite
infodhf€iGin NS rhget hevonesLd nandli h sé hehd@aseie hearar beam
spot goes on the respective information storage
| ayers. Thus, ~as al ready _described

_ f th .
scant 141 PHGPBRFART Sritigaemanys-evih 110 4y Citvard (i,

sub-area of the test wite zone were destroyed
fromWsbihe t Ohdt:esali nbagt Bdd ash powerdidur ithgasd the outer
test wite operation to make it difficult for

the light beam spot, to followthe tr?ck th%Ee,
edget Fllée%ﬁ'% V\:hé}qe tthﬁe Wég{:m%)[ctne storage Jlayers L1 ’and L3,

on the other hand, the tracks are arranged so that the laser
beam scans the infermation storage layers Ll and L3 inward
(i.e., from some outer radiazl leccation on the disc toward the
inner edge thereof). Thus, as 1in the first preferred
embodiment described above, information can be read or written
without making the laser beam spot jump all the way toward the
innermost or outermost location on the optical disc 105 every
time +Lhe target layers need to be changed intc the next
information storage layer.

[0098] Meanwhile, as 1in the first preferred embodiment

described above, the test write zones TO, Tl1l, T2 and T3 are
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operation should be performed could still be
reached w thout passing the destroyed sub-rar@eao9/003782
because the test wite zone is wused in the
opposite direction to the |ight beam spot
traveling. Al so, when the test wite operation
has peen erforned stil]. a relatively small . .
prefpg BT i e sTPRH %eré%ﬁ?ﬂ%ﬁﬁ“b&ﬁ%rgﬁ%npqﬁ§ in which
determined properly with the influence of the
the 0hber Hayeksot ufdheronr educesspdd@@991:ihfodrkeion storage
preferred enbodi nent descri bed above, the
optical disc 105 is supposed to _have four
layngforﬁﬁPFona§tGﬁﬁﬁ%gyl %&ﬁ%ﬁgeﬁoﬁ86egﬁetﬁér5t preferred
present invention can also be used effectively
embo@Yedht N BRnopttl cal duscawdd hhmmire tdean fute zone were
informati on storage |ayers. In that case, if
there are n information storage |ayers (where
desthoyed - thi bgr 'DREEST s LT G BEHIPIBUS] 004 7a20 2 cost
equal to or greater than three) and if those n
writbNbeEFRtieN toshakage ! ayer scare eeurhed1fgom beam spot
the one that is |located nost distant fromthe
| aser beamincident surface, an ith :
Lo FHGFNEIoNt S Dt agkc Ty eFPR wREFR WIS af Bvdipst write
nunber that satisfies 2 <i Gn) is scanned
oper¥idh thediasee hramutauar oihe stdinnebeedgachbd without
the disc but the sub-areas of its test wite

zone are used toward the outer edq$ of the . ,
passapgCthq)gqq§é06?ﬁe§ub—area because the test write zone 1s

used in the opposite direction to the 1light beam spot
traveling. Also, when the test write cperation has been
performed still a relatively small number of times, the
recording power can be determined properly with the influence
of the other layers further reduced.

[0099] In the preferred embodiment described above, the
optical disc 105 is supposed to have four information storage
layers. However, the present invention can also be usad
effectively even 1in an optical disc with meore than four
information storage lavers. In that case, 1if there are n

information storage layers (where n is an integer that is
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hand, an (i-I)th information storage |ayer is
scanned with the |aser beamtoward the outeet/r2009/003782
edge of the disc but the sub-areas of its test
wite zone are used toward the inner edge of
the disc. [0100] As described above, an
optical disc according to this preferred .
equadnf6d e it HAS Tt AR SPTRBE e Fnf of niitPom » rnformation
storage | ayers, each of which has a test wite
stord@felaJhal 4:% Mayreyedrdd thosed Ahermaki 0Bcated most
storage | ayers that are stacked one upon the
~ other are irradiated with a | aser beam at .
distapk uaf F9m di Hier ekftSSint &/&Mt | dBCieny surface, an 3
respectively different thermal environnents, a
infol@stioM | & QRS atd QR camesti Id1 be aperfepmedm@ar +hat
the target information storage |ayer, on which
a wite operation is going to be perforned,
satigiery 4 sl Eadt Lr iscanned wBCT JPr0odgrsen3gen toward the
zone under the operating environnent of that
innekaﬁﬁge ofonsequent| yrt heebesh-£ecor dimgi POVWBIst write
can be determ ned for each of those
i nformati on storage | ayers. [Ololg I n addition,
zonet s 1599 SPHATY IS 8 8Hec 1% &fs LR el Sfir afgelie other
at nutually different radial |ocations so as
handNO4n t 0 - Overd g Wathogagch, .Qlhen alor the Sackingith the
direction. For that reason, the test wite

operation can be perforned just as.
laser beam toward the cuter edge &f the disc but the sub-areas

of its test write zone are used toward the inner edge of the
disc.

[0100] As described above, an optical disc according to
this preferred embodiment has three or more information
storage layers, each of which has a test write zone. That is
why even if those information storage layers that are stacked
one upon tThe other are irradiated with a laser beam 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 operation is geoing to be performed, using its test write
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i nt ended on each information storage |ayer

either without being affected by the wi tragir200%/003782
status on the test wite zone of any other

i nformati on storage |ayer or at |least with such
influence mnimzed. As a result, the recording

power, can _be determ ned proper| or c
ZoneinF@Fﬁﬁti5ﬁest6¥§§§tf%%ergnf (ﬁﬁ%n%haf%?sqﬁﬁfe,layer'

in a situation where the test wite zone of
ConsBaedni IRf, orcrat ibept Skecageid@yefcrs casetdei detdenined for
opposite direction to the | aser beamthat is
scannin% the information storage |ayer now,
eacheQbn-NETan )t YAt 16 ERR ISt WFite zone " were
destroyed wth intense irradiati on power, the
[olonest ofn theyidiest whoke zenmerestidch sfiddadgee layers are
used appropriately. On top of that, the
recordi ng power can _al so be determ ned proper]|
arrapgpd 3 MR ndt £ oR Lordye® a§/8FaW%’ﬁ€o >"asl not. to
being affected by any 64 PCT/JP2009/ 003782

overObhberidayeich [R183] iASthd the-dinkstiipeefssm.ed For that
enbodi nent descri bed above, there is a nore

preferred arrangenment of the test wite Zones .
reasqm, TRE FESANGTEES MEFEPRAPT eFelsfiEh REf Formed Just as
arrangenment will be described with reference

inteh@drl Gn %adn0104fc-General | 3tospgakingerwhenHete without
informati on storage |ayer LO needs to be

irradiated with a | aser beam the | aser .
being affected by the writing status on the test write zone of

any other information storage layer or at least with such
influence minimized. &As a result, the reccrding power can be
determined properly for esach information stcrage layer.

[0102] What is more, 1in a situation where the test write
zone of each information storage layver is used in the cpposite
direction to the léser beam that i1s scanning the information
storage layer now, even 1if any part of the test write zone
were destroyed with intense irradiation power, the rest of the
test write zone could still be used appropriately. ©On top of
that, the recording power can also be determined properiy for

each information storage layer without being affected by any
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beam shoul d pass through the information
storage layers L1, L2 and L3. And to irra@dCaireos/oo37s:
the information storage layer L2 wth a | aser
beam the | aser beam shoul d al so pass through
the information storage |ayer L3. That is why
the information storage |ayer L3 needs to have
othefhe?¥fi'ghest transnittance with respect to a
| aser beam and the transm ttances of the other
rotoBnformati aa stes age rsayepsetsdrekd]l antbdi@enit| | described
decrease in this order. [0105] To design
information storage |layers efficiently, . if an :
abovE TR dPst Bih HEAH G TRIGrREEFBN S (4 dge Tost write
| ayers has already been developed, it is
zonepr eber med trhatantthase t hnee:inamrter patihon shokagengement
| ayers avail able be used as the informtion
_.storage layers LO L1 and L2 and that only an
willgse BEFCTPPEOY U038 782  PHforation $torage | ayer
with high transmttance be newy devel oped as
ro1chhe irﬁéﬂé&&ﬂi9rléﬁéakaﬂ§,|a%@h Lthe [ 02064mation storage
However, the information storage |ayer L3
should have high transmttance, and therefore,
layef aH0 peetfssiighdtf michaifess fidkidlypScAsPgan, the laser
result, the wite perfornmance of the
beanl SRQITALLER Shanhage chayefifdshamauhdstetefd ougkes 1.1, L2
nore easily due to a slight variation in a

witing condition such as the
and L3. nd to irradiate the information storage layer L2

with a laser beam, the laser beam should also pass through the
information storage layer L3. That is why the information
storage layer L3 needs tc have the highest transmittance with
respect to a laser bkeam, and the transmittances of the other
information storage layers L2, L1 and LO will decrease in this
order.

[0105] To design information storage layers efficiently,
if an optical disc with three infcrmation storage layers has
already been developed, it is preferred that those three
information storage layers avallable be used as the

information storage layers LO, Ll and L2 and that only an
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recordi ng power conpared to the information

storage layers LO L1 and L2. The sane PCT/IP2009/003782

statenment also applies to between the

i nformati on storage |ayers L2 and L1 and

between the information storage | ayers LI and

That |s en the hi t

lnfof?%%%ﬂtt?%ﬁﬁﬁgeofﬁﬁfglveégtn 0 Fran&m%?%ﬁée U8 newly

| ayer, the less flexibly that |ayer can be
develleségnred thanthidiemamore easidoy lLégewdd.e

performance will deteriorate due to even a

i ght_variatiaqn nd|t|on such S
10108 e TGP B ng Thovel T OEb YT TFar ERARpRE {1 shouic
the information storage layer L3 is |rrad|ated
haveWhibh at lasetitheaoy, paid ofetdferkbasennbbamiésigned much
transmtted through the informtion storage
l ayer L3 and then | ected back from.t
1eas; GHAREY on &t df AGE K byer L2 (GUAFd Fog0rance of the
PCT/ JP2009/ 003782 the information storage
infohayeron 2t obtfigd Malyecass, wolild hiptkestraws infoeezoneily due
T2 of the information storage |ayer L2 were

destr%%ed or deteriorated, the reflgctance ofh th
o Fhelt@st WrtEiPone' T2 WGUFdIgaly tition such as the

significantly. Therefore, the intensity of the

recol@B@f Joeam vembtomty due itwfddethibghitorage layers LO,
reflected back fromthe test mﬁite zone T2
toward the informati on stora ayer L3 aqg th

L1 oy B2 | ot T TSI CERE POSLIG I Detueen the
zones

information storage layers L2 and Ll and between the

information storage layers Ll and LO. That is to say, in
general, the higher the transmittance of a given information
storage layer, the less flexibly that layer can be designed
and the more easily its write performance will deteriorate due
to even a slight variation in a writing condition such as the
recording power.

[0107] For example, if the information storage layer L3 is
irradiated with a laser bLkeam, part of the aser beam is
transmitted through the information storage layer L3 and then

reflected back from the infermaticn storage layer L2 toward
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T2 and T3 were arranged cl ose to each other,
then the wvariation in the intensity of th@CT/iIP2009/003782
| aser beamreflected back fromthe test wite
zone T2 toward the information storage | ayer
L3 woul d be superposed as noi se on the Iaser
the 9%?%% YQ&HFC %9 fropgthe eSt MW%%S z gS :%A%m test
ar Fa “t 8 write operatlon cou not
performed appropriately on the test wite zone
writd3 @ang the2 recotdengipowenttoul dtnohgbe layer L2 were
deternined properly for the information storage

| aye 010 % GMIOf th :
e ERNEH Bt a1TGH L TRITRe bt 1 Bef eBee 165 BRe (FFEE write
preferred enbodi nent, the radi al gap between
zonel M2 w3t Warte szgnesi ofnttiwo adjlecedtre, the intensity
informati on storage |ayers that are Iocated

bean1|nC|deq% urf effe?ted back
e e

| oser to the | ase
of t%?e?%?%%l}il W dEM Si(dhgﬁr?hgu%ap be RS
two adj acent 67 PCT/JP2009/ 003782 |nfornat|on
fromSttokageskayerisct hatecarme |wesatred ther e ndicshanton storage
from the Iaser bean1incident sur f ace.

Speci ficall rad| bet n the test
Layeprhd @%ﬁ&g‘fr T@?t Thib " "B Ybente teet Write zones
i nformati on storage Iayers L2 and L1 (i.e., the :
T2 gap st ween: T2aazapdd Tldioskthato aradnocateer, then the
cl oser to the surface on mhich the | aser beam
200 is incident is preferably w der than
Varlaaborbe%%fé}heth%twﬁww@eftet ) P71 kD Forpfeted back
two adj acent
from the test write zone T2 toward the information storage

layer L3 would be superposed as noise on the laser beam
reflected from the test write zone T2. As a result, a test
write operation could not be performed appropriately on the
test write zone T3 and the recording power could not be
determined properly for the information storage layer L3.

[0108] In view of this consideration, in the optical disc
105 of this preferred embodiment, the radial gap between the
test write zones of two adjacent information storage lavers
that are located cleser to the laser beam incident surface is

preferably wider than the gap between those of twc adjacent
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information storage layers L1 and LO (i.e., the
gap between TOa and Tl b) that are | ocated paoareoos/003732
di stant fromthe |aser beam incident surface.
[0109] Also, the radial gap between the test
wite zones T3 and T2 of two adjacent
. informati on storage |layers L3 and L2 i.e..,
g0 e b HOrREEn. SIS B FaB] ot RAr> gk TBEaFagrant fron
closer to the surface on which the | aser beam
the 280et Sodaaciidendients suprreter abdpecsrdenithanhiheadial gap
gap between the test wite zones Ti and TO of
two adj acent information storage |ayers _Li. and .
betwpey (t'i}{ee.,te?ﬁ"le%éﬁebezt%én "i%ag‘gﬂd byt Hae adiacent
are located nore distant fromthe |aser beam
infolrRgt dant siddbaca9erthe2gapd het weeas. [ hend egdp vetween
wite zones T2 and T1 of two adjacent
information storage layers L2 and L1 (i.e._, the
T2z gap bébherhtt 6@%%’?/@&9609}%%)%{7% “Pga Sgngrce on which
TIb). [0110] Specifically, if those infornmation
the 3theeageckayess itOindidand 12 @rgeeopnf edidd0mMnhan the
the one that is |located nost distant fromthe
surface of the disc on which the | aser beam ,
93P FGGVPERi hBRdBRFL VRELG atiPHl® | Deattont Ui ¥ eFEncadiacent
bet ween the outer peripheral end of the inner
info@ﬁgkigntéﬁbﬂégét1%@5?9 zonesd eb ifiheandid +§dp between
th information storage layers (where i is an

TOa and Tib) that are located more distant from the laser beam
incident surface.

[0109] Also, the radial gap between the test write zones T3
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 laser beam 200 1is 1incident is
preferably wider than the gap between the test write zones T1
and TO0 of two adjacent information storage layers L1 and LO
{(i.e., the gap between T0a and Tlk) that are leccated more
distant from the laser beam incident surface or the gap

between the test write zones T2 and T of two adjacent

information storage layers L2 and Ll (i.e., the gap between
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integer that satisfies 2 <i S3) and the inner
peri pheral end of the other outer test W idg7r2009/003782
zone is preferably wider than the radia
| ocation difference between the outer
peri pheral end of the inner one of the test
Wit ones of jth and (j+l)th information
T2a §P8r§5§'layers (where j is an integer that
satisfies 1:j-<i-1) and the inner periphera
[o11end of spde rothery, outercHoest Wrck@azone. sLOddd layers
In the preferred enbodi nent descri bed above,
Lo, &H$6W%g%#8%&§?%§§6%ggl%§§$E£Q$B§g%3%?gsgg Egggted most
present invention can also be used effectively
disthfit afr@ptdealsuditseeWwot he®r @i ddhagh f@UEh the laser beam
information storage layers. In that case, the
relati gns descri bed above are satisfied if n
200 iis tie-Hahber Yet Tt et 6T 18PoragecraRrs: SPetpgen the
PCT/ JP2009/ 003782 included in the optical disc
oute@NfetSorrdintegesrtfiad irmequak oFocd Wealielte zones
than three and if i is an integer that
satisfies 2<i<n-1. [0112] According to such an
of Iarr3fifhelent! of 1Rkt PR e StobHES, -V SkiSddhgap ¢ 1s an
is left between a pair of information storage
intelg;@ye_fﬁag had+sweuld @Ef‘fé_fﬁ(:ta% MBEE inner peripheral end
significantly by the light reflected from an

adj acent information storage
of the’ other outer test write zone is preferably wider than

the radial location difference between the outer peripheral

" and

end of the inner one of the test write =zones of jt
(5+1)™ information storage layers (where j is an integer that
satisfies 15£9=i-1) and the inner peripheral end of the other
cuter test write zone.

[0111] In the preferred embodiment described above, the
optical disc 105 is supposed to have four information storage
layers. However, the present invention can alsc be used
effectively in an optical disc with more than four information

storage layers. In that case, the relations described above

are satisfied if n 1s the number of information storage layers
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| ayer, thus reducing the influence of the |ight
reflected from an adjacent information stetageonsoos7s2
|ayer. As a result, a test wite operation can
be perforned appropriately on the test wite
zone of each information storage |ayer and the
, recordin power can_ be determ ned properly for
inclpfed i Hr ortfatdood cét of e 21yt .21 ﬁ“ﬁ&&gfi B%é}t g s eaual
narrower gap is left between a pair of
to oknéﬁﬁéﬁgﬂ QRaSt OF.2ge ahay ef si tihatinwout ehde that satisfies
affected less significantly by the Iight
reflected froman adjacent infornmation storage
2=ifayér. Then, the gap between the information
storage |layers will not be unnecessarily w de
rcrigpd  thed-eadyi nAreasncam bersefdd@Ee of test write
effectively. %h top of that, as there is no
need to expand the |ead-in area, a _ ,
zonegyf A ciielftl Y4k désddratarsdeah e R¥dured agformation
well. 70 PCT/JP2009/003782 [0113] Optionally,
storhfe a1 8{duatin Wasle the gaRdbetwaghet Regniesdantly by
wite zones of each pair of adjacent
information storage |ayers is defined as
the dbikdyl bedl kvl gﬁ@“t et I Fonest Tatang storage
Ti of the information storage |ayers LO and L1
layePPYUQ% r@ﬁﬁéﬂgsqjﬁ;ih@@uéﬁﬂ?ckOQﬁE|Pﬂ§na§eEmScted from
counterparts of the two information storage
| ayers of a conventional dual-layer optica
an agjgesent ninfgmatase, seeRdd cdiffent ithat bptildal & test
di sc
write operation can be performed appropriately on the test

write zone of each information storage layer and the recording
power can be determined properly for 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 JIight reflected from an adjacent
information storage layer. Then, the gap betwsen the
information storage layers will not be unnecessarily wide and
the lead-in areas can be used more effectively. On top of
that, as there 1is no need to expand the lead-in area, a

sufficiently wide data area can be secured as well.
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drive can also performa test wite operation
on the test wite zones TO and Ti of the pcriar2009003782
optical disc 101 of this preferred enbodi nent
only by making a relatively sinple change on
t he sequence. [0114] In the preferred
enbodi nent descri pbed above, the_ four test
101051 e GMEE=FEY: T4 *ro alat 19 4P ar PangEe Retween the
mutual ly different radial |ocations so as not
testt Qrover e Mdth caeAcha Dt her .adjavwener infagmation storage
al ready described with reference to FIG 7, if
the light reflected fromthe informati on .
layegp of 5 9ol iigyle FSL 92 8FF s 23RO Pt ¢ Fie® et write zones TO
information storage layer L3, if the |ight
and trriansgm thedi b hsaugh ohhetiorbhge Mabiofs st.or ageé L1 may be
| ayer L3 affects a little the information
storage layer L2_or L1, and if the |light
arrapggnshi tited SERPotgRA T IHES Aol Rt F%lhm‘sﬁrgﬁaaa of the Lwo
| ayer 71 PCT/JP2009/003782 L2 affects a
infokhitish t he draher matjons sterage kayesnt:QnatheBual-layer
the radial gap between the test wite zones TO
and T2 of the information storage |ayers LO . ,
optigal g%nd théhrhdrare gdierhét weBiet e pdspptical disc
wite zones Tl and T3 of the information
drivet QLAYe Ay §fes rbimand dadd Nytiie optd:Galicli 6 the test
106 shown in FIG 10 may be shorter than in

~the arrangenent of the test wite _zones shown ,
writppn gongs g0 and T1 of the optical disc 101 of this

preferred embodiment only by making a relatively simple change
on the sequence.

[0114] In the preferred embodiment described above, the
four test write zones T0, T1, T2 and T3 are arranged at
mutually different radial locations so as not to overlap with
each other. However, as already described with reference to
FIG. 7, 1if 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 a little the informaticn storage layer L2 or L1, and

if the light transmitted through the information storage layer
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[0115] Specifically, FIG 9 illustrates an
arrangenent of test wite zones in a situatramocs 03782
where there is a zero radial gap between the

test wite zones TO and T2 and between the

test wite zones T1 and T3. Thus, the inner and

w2 offhely ATHRRTEL BRTZR SPLTERST N bt

i nner and outer peripheral ends TCa and TOb of
radibie gaeSthatiicbs z20Re tEQt andtkhezdrest Mrisml T2 of the
zones T2 and TO entirely overlap with each
, other. In addition, the__inner and oute .
inforEpt ier &1 BRI T3HeER P3Gt e Tt CUFi pgcial 9ep
zone T3 are perfectly aligned with the inner

petwaBfl QUtEResperirpher aonepdaiTlamdane Téb efiet h@formation
test wite zone Ti, and the test wite zones

T3 and Ti entireLg overlap with ﬁach ot her. )
storpgfeviterst it tedthin't 75 offe 2 InflySal §g shown in FIC
overlap with the test 72 PCT/JP2009/003782

10 ki e zoBecdO oRdy partidldyrandnbhe bestharide write
zone T3 may also overlap with the test wite

zone Ti.onl¥ partially. [0116] That is to say,
zoneg hghds tt"wWFife %one of the information storage
| ayer that is located closer to the surface on

r0119hi ch ¢he ilkasgr peam@00gi $11n@irdedt BRY aBeangement of
arranged in the vicinity of that of the

information storage |layer that is |ocated nore )
testdwgﬁgﬁtzqqqﬁn%qug|%*§§@tb%%nyhere there is a zerc radial

gap between Lhe btest write zones TO and T2 and between the
test write zones T1 and T3. Thus, the inner and outer
peripheral ends T2a and T2b of the test write zone T2 are
perfectly aligned with the inner and outer peripheral ends TOa
and TOb of the test write zone T0, and the test write zones T2
and TO entirely overlap with each other. In additicn, the
inner and outer periphsral ends T3a and T3k of the test write
zone T3 are perfectly aligned with the inner and outer
peripheral ends Tla and Tilb of the test write zone Tl, and the
test write zcnes T3 and Tl entirely overlap with each other.

However, the test write zone T2 may also overlap with the test
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i ncident surface. Specifically, if the four
informati on storage layers LO, L1, L2 and pc3rp2000/003782
are counted fromthe one that is | ocated nobst

distant fromthe surface on which the | aser

beam 200 is incident, the radial |ocation

. difference et ween the inner peripheral, end of
WLt e O RagD  GRLY obf G st onr e LS Bnoke by rfe T3 may
kth and (k+l) th information storage |ayers
also( Wher BaK wiishathd eegetri hatzsat rsf besy barkially.
-'S2) and the outer peripheral end of the
ot her outer test wite zone is nmay be  greater

[011phan tH&T adifal “PocdtY on i f &F8hce" betwedAlt he?t the

i nner peripheral end of the inner one of the

infotRStioM | keoZohes 18k ert hthdd hiandiddat2H tdloser to the
informati on storage |ayers and the outer
peri pheral end of the other outer test wijte

surfzghe o 01171 A'SB, 146" adidl P8Ratipnincident may oe
di fference between the 73 PCT/JP2009/ 003782

arrahBOer ipechpheralnand JH areft tde dinnernm ReaTlo®f storage
the test wite zones Ti and T2 of the

i nf or mati on stora%e | ayers LI and L2 and the
layegut et P phistA e8nd™ b 6 SHARE ot HEF obfter 1aser beam
test wite zone T2 nay be greater than the

incibagt alsu-@gati on sgiéferenag, betmweenat heodnnehrormation
peri pheral end T3a of the inner one T3 of the
test wite zones T1 and T3 of the information

storggdr agecTayk?s Bt-afd B3%dd tHe ottErted from the one
peri pheral end Tl b of

that is located most distant from the surface on which the
laser beam 200 is incident, the radial location difference
between the inner peripheral end of the inner one of the test
write zones of the k™ and (k+l)th information storage layers
{(where k is an integer that satisfies 1=2k=2) and the outer
peripheral end of the other outer test write zone is 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 other cuter test write zcne.

[{0117] Also, the radial location difference betwesen the

73



the other outer test wite zone T1. [0118] In
the preferred enbodi nent described above, tehesr2000/003782
optical disc 105 is supposed to have four
i nformati on storage |ayers. However, the
present invention can also be used effectively
in an optical disc wt e than four
lnnanfp(?FﬂrBB%%l stdr 448 Iogyeti’ . YH'%hat“cast, ofnéhe test
former relation described above is satisfied
writkf zBnés theazpunmrer & dmf orTRlinG@nish Ob8@Ege layers L1
| ayers included in the optical disc and is an
integer that is ual to or greater than t hr
and gD Ehie omioFnERGePn T i, Ua T | @b e ‘SEHET outer
| :5~k"~n-2. [0119] On the other hand, according
testt @ribe batd er2rghat bengrehber r adial +hecakiom location
di fference between the inner peripheral end of
the inner one of the test wite zones of k'th
AL ELGRRACS7 HPETFIPRDBO BUST LT K HFY t RNF nT o7 ndit i 'die 1nner
storage | ayers (where k' is an integer that
one 8l b3T k88 feaK' wrikd)zaRd tThe jout @5 pericphenabormation
end of the other outer test wite zone is
preferably greater than the radial |ocation
storgys f eperice lhetideh3t fedi Mifero W& pRérBI'ENy evf TP of
the inner one of the test wite zones of
the bkKndit)dtcandes{ky#3)e tRnkndor mati on storage
| ayers and the outer peripheral end of the

ot her outer test wite zone, ,
[0118] In the preferred embodiment described above, the

optical disc 105 is supposed tc have four information storage
lavers. However, the present Invention can also be used
effectively in an optical disc with mcre than four information
storage layers. In that case, the former relation described
above 1s satisfied if n i1s the number of infermation storage
layvers included in the optical disc and is an integer that is
equal to or greater than three and if k is an integer that
satisfies 1=k=n-2.

[G113] On the other hand, according to the latter relation,
the radial location difference between the inner peripheral

end of the inner one of the test write zones of k'™ and
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[0120] As a result, with the influence of
another information storage |ayer on the testr2009/003782
wite zone mnimzed, a test wite operation
can be performed appropriately on each test
wite zone and the recordi ng power can be
, determned properly for each information .
(k +§f%rdg“§off5%3rc.ml?1t ietilﬁ’ﬁ,erﬁhéwaﬁﬁﬁd-inlgré‘él integer
can be reduced and a sufficiently w de data
thataL§8i s CAR heisecHred. /[ 012 oGpti onalibherkf &he of the
light transmtted through the information
storage |layer L3 affects a little the
othepnPyi-fat F6AC $FoFagé T ayér PTSTeHENY HE FdGral-ian the
gap between the test wite zones Tl and T3 of
radibhe b ordmtd oirstarageect ayes sthé anged pefByeral end
be reduced as in the optical disc 107 shown in
FIG 11. Although an exanple in which there,if n
of e r 4R §ap Bét ween T PES PARRS 003785 T
the test wite zones Ti and T3 is illustrated
(k’+meFH§Eo%$atLﬁﬁ:ﬁkﬁ%@ewﬂbP@rgOﬁﬁdTghaﬂyuﬂé§0p£&ipheral
arranged so as to partially overlap with the
test wite zone Tl. Then, the lead-in area can
end gfsehpertequesacantH U ecFeRtty wi de data
area can also be secured. [0122] Also, if the _
[o1zbi ght A4 ansm tigd ¢ hr qugh t hee i nh@npBtéoON of ancther
storage |layer L3 affects a little the

i nformation _ o
information storage layer on the test write zone minimized, a

and

test write operation can be performed appropriately on each
test 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] Optionally, 1if the 1light <transmitted through the
information storage layer L3 affects a little the information
storage layer L1, then the radial gap between the test write
zones T1 and T3 of the informaticon storage layers Ll and L3
may be reduced as in the optical disc 107 shown in FIG. 11.

Although an example in which there 1s no radial gap between
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storage layer LO or L2 and if the |ight

reflected fromthe information storage | aperir2009/003782
L2 affects a little the information storage

| ayer L3, then the radial gap between the test

wite zones TO and T3 of the information

storage layers LO and L3 and_the radial g

the Bef ot the-Pest Thr 1% Torcs TR ard\cFe iy Be 110 The

reduced as in the optical disc 108 shown in

teschgﬁtQZZOn@jfboﬂgy ansexgapherityarhi €h dhefe pSrtially
no radi al gap between the test wite zones TO

and T3 is illustrated in FIG_ 12, the test ,
OVerhRp t €L Fond'eTd Say ALSD B arTangddgo 4§° gead-in area

partially overlap with the test wite zone TO

can ADEN,bd Reql.ead-4:u ar earrcanmlisowbee reducedeanshn also
a sufficiently wide data area can also be

secured. [0123] In the first and second
be sprefetred enbodi ments, the 76
PCT/ JP2009/ 003782 optical disc of the present

[OlePven@hg%,hasipeEBhgeSQEbp@d asanft@witRg t Meeugh  the
or four information storage | ayers. However,

. the present inventionis in no way limted to _
inforpplsors peeirree 1prer dry eéd Tefbdaf nehit'sle the information
Al ternatively, an optical disc according to

stor&@@ Pr&senio i pyendi Qhamay ahsohave Lb¥es@led from the
nore 1nformation storage |ayers. (EMBODI MENT

3)

information storage layer L2 affects a little the information
storage layer L3, then the radial gap between the test write
zones TO0 and T3 of the information storage layers LO and L3
and the radial gap between the test write zones T3 and T2 may
e reduced as in the optical disc 108 shown in FIG. 12.
Blthough an example in which there is noc radial gap between
the test write zones T0 and T3 is illustrated in FIG. 12, the
test write zcne T3 may also be arranged so as to partially
overlap with the test write zone TO. Then, the lead-in area
can also be reduced and a sufficiently wide data area can also
be secured.

[0123] In the first and second preferred embodiments, the
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[0124] Hereinafter, preferred enbodi nents of an

information witing device, an informati oRcrIP2000/003782

readi ng device, a witing nethod and a reading

met hod according to the present invention wll

be described wth reference to the acconpanyi ng

drawings. FIG 13 is a block. diagra .
OPLiFRL L&t Fal PhotBh PREST Rt FBRN PRI ﬂ@s "Hegt cdeaggbed as

as a third preferred enbodi nent of the present
havih§vemtdon, Theri nformtion wdtigagidemce BOQever, the

can read and wite data and includes a splndle

not or 302, an optical head 303, a |ight beam .
presgpht AeNCBEEYT 0nS308 2° s#fVo SddiFn Bosthepe specific

read signal binarizing section 306, a dlgltal
prefob8h@l ¥ pRGRSsEHY sechi psrB@FhvedyW i b8 optical disc

conpensating section 308 and a CPU 309. 77

PCT/ JP2009/ 003782 [0125] The optical disc _301
accopg{npe-wide RasSalt eHiFhden m"gestrihédvas e or mere

first or second preferred enbodi nent of the
1nfo@ﬁ§§fﬁﬂ §t6Y§€é|IH&er%n this preferred

enbodi nment he optical disc 101 of the first

preferred enbodi nent is used as the optica

di sc 301. The spindle notor 302 rotates the

optical disc 301 at a predeterm ned vel ocity.
(EMBEB§M§W¥kﬁ3| head 303 irradiates the optica

disc 301 with a |ight beamand al so converts

the light beamthat has been reflected fromthe
[0124] Hereinafter, preferred embodiments of an information

writing device, an information reading device, a writing
method and a reading method according to the present invention
will be described with reference to the accompanying drawings.
FIG. 13 is & block diagram illustrating an information writing
device 300 as a third preferred embodiment of the present
invention. The information writing device 300 can read and
write data and includes a spindle motor 302, an optical head
303, a light beam control section 304, a servo section 305, a
read signal binarizing section 306, a digital signal
processing section 307, a write compensating section 308 and a

CPU 308.
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optical disc 301 into an electrical signal and
outputs it as a read signal. The |ight bea@rrzo09003782
control section 304 controls the irradiation
power of the |light beamthat has been supplied
fron1the optical head 303 in accordance wth
he instruction_ given_by the CPU 309. %0126
[Olzﬁhe sef3fo FcitTdn He5 38t F6FsPERE BbslET oRST BRIy been
the optical head 303 and the |ight beam
desc@ibid egs fham tiheopld eakonbiegd: 803 edpeibBaBent of the
the focus and tracking controls on the 1ight
beam and controls the rotation of the s |ndIe
presﬁﬁFo%nV?ﬂEZOHTheIPeéﬁl%l%ﬁﬁﬂerﬁﬁﬁa?WQ?Qﬁ?%ﬁéct gm optical
306 subjects the read signal generated by the
discORlgicals head 303s{ ofrdhiGhat heudatAent is used as the
information is a sumsignal and the information
~about the disc 78 PCT/JP2009/ 003782 _
optipat of it | YH -ar e cariPiaddr e83t9%s Wi FrElrgRt FaF optical
signal) to anplification and binarization,
disct b@&egx geneeabifgn i naniszedy . si gnal opAL@eQL head 303
the read signal binarizing section 306 gets a
cl ock signal generated by an internal PLL (not
irrad i) Ry neirisitdustipan I tHé bishatiFdd beam and also
signal. [0127] The digital signal processing
conve €S | Q@R:307 subjects tihe Rhpanjezgd &ifgRakedio from the
predeterm ned types of denpdulation and error

correction processin In witing data, the
optlg@b|q%ﬁc 301 into an electrical signal and cutputs it as a

read signal. The light beam control section 304 controls the
irradiation power of the light beam that has been supplied
from the optical head 303 in accordance with the instruction
given by the CPU 309.

[0126] 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 controls on the
light beam, and controls the rotation of the spindle motor
302. The read signal binarizing section 306 subjects the read
signal generated by the optical head 303 (cof which the data

information is & sum signal and the information about the disc
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si gnal processing section 307 subjects the data
to be witten to addition of a error PCT/IP2009/003782
correction code and a predeterm ned kind of
nodul ati on, thereby generating nodul at ed dat a.
Next, the wite conpensating section 308
converts the nodul ated data into optically
infompeiulat edrefat an@onsiisefng 16f puflse aeaitagl aigral) to
finely adjusts the pul se wdth and ot her
amp1 PRI AEBLEr 5,910 Rt hgal dnesmdubated [dabas binarized
based on the read signal obtained” fromthe
data information area and the data that is
signgtor el Hovared isagnhe CRWBI3E9NSt Reeklyn 306 gets a
converting the optically nodulated data into a
[ l's j t i j{but, t
oo e o £ P Tacti val y [ 0155] Fhe eR 305t e
controls the entire information witing 79
syncPCTJR2009/ 003782 bidevi eel 36@naThe host unit
310 uses a conputer (not shown), an
plicatian ( - .oper.at.| S e
01 a6 s Snaa. r2adT AT (e Fagloal Tg! Phoects
the optical disc drive 300. [0129] When the
the inhermatd onigwdlt i iy devicer800<ils tvparled! wenpdulation
the optical disc 301, the |ight beam contro
Q : 0 c : st ts e
B e H 05 P P S can TR e ror oy og  oeal
in the lead-in area RO on the information
signat opagesisayer s¢@ it B0 edbti ernd néw idatcadrat ponvritten

to addition of a error correction code and a predetermined
kind of medulation, thereby generating modulated data. Next,
the write compensating section 308 converts the mecdulated data
inteo optically modulated data consisting of pulse trains, and
finely adjusts the pulse width and other parameters of the
optically modulated data based on the read signal obtained
from the data information area and the data that is stored in
advance 1in the CPU 309, thereby converting the optically
modulated data into a write pulse signal that will ccntribute
to forming pits effectively.

f0128] The CPU 309 controls the entire information writing
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power, thereby retrieving recordi ng paraneter
information such as information about thepctap2009/003782
irradi ati on power to adopt when a wite
operation is perfornmed on the information
storage layers LO, L1 and L2. [0130] On
receiving a wite request fromthe host unit
devigg 300 ¢ hdbp gRET bHEh SORt RS SeCPTBIRLB04 "ghgshovn) , an
the servo section 305 nake the optical head
appl§9§tfﬁﬁaqn59esﬁgﬁﬁ)\Mﬁﬁtﬁnzéﬁg%éggnhns§§ﬁ%m|(@@€'bﬁbwn) to
area RO of the information storage |ayer LO
W th redeterm ned irradi ati on power. ,
sendpp /WEite hee T3 t309 t@%é%ﬁﬁpé iz drive 300.
irradiation power for performng the test wite
[OlZgger atyhun fofe tﬂ?fdﬂmglﬂtiozpe;ﬁmig r@évi%%(:t:-lq@n is loaded
304 and gets test data witten by the optica
head 303 with nultiple different 80
WithPGWJ%Z@G@/lO@Q?SZWff refi dioBh poterecTang t Aaption 304
read, thereby determ ning, based on the error
and Ttdbe @ndol isLhekoof sbhe nead; & onal gsneratedad 303 to
t he recorglng power to use when a wite
operation is perfornmed on the data area DO of
scant heh¢ nferapi-onaseor dge [tayer L@ F0131F2ThRC on  the
same series of operations are also perforned on
i ] 0 Moly | Sphéa@dnkedt @@radiation
lnfo%%%%%?ic%ﬁqg%d% t%@gﬁﬁgﬁ% @g§%1%ontrol section
304 and the servo section 305 nmke the optical
pOW@heddH%@@Yséahriﬁﬁﬁﬂ%éﬁcﬂrﬁﬁ@lZ@ﬁ@m$Fe¥rﬂQﬂ%§matlon such

as information aboubt the irradiation power to adopt when &
write operation is performed on the information storage layers
LO, L1 and L2.

[0130] On receiving a write request from the host unit 310,
the light beam control section 304 and the servo section 305
make the optical head 303 scan the test write zone TO in the
lead-in area RO of the information storage layer LO with
predetermined irradiation power. Meanwhile, the CPU 309
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
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| ead-in area R of the information storage
layer LI with predeterm ned irradiation peweIr2009/003782
Meanwhi l e, the CPU 309 specifies the
irradi ati on power for performng the test wite
operation for the |ight beam control section

_ 304 and gets test data witten b% the optj cal

irrafigdd S0 PAEER AOFL FPPR BFFFer EHESOVY F&BFE‘HWQ' based
powers and then read, thereby determ ning,

on tpésé¥¥oro@aﬁgeéﬁﬂ'ﬁQEté@t@faEKéjr%hﬁeéiéﬂéltﬁénéﬁéﬁbd, the
signal generated, the recording power to use
when a wite operation is performed on  the

recogRtng HWETDEC of ST HE'I N o rat f orP St 8ge L Faferformed on
LI. [0132] Subsequently, the |ight beam contro

the 88C 1002384 @nd et hRFSEIMA chectbodl30ayaRkeo | he
optical head 303 scan the test wite zone T2
in the lead-in area R2 of the information 81

[013PLT/ JFPG09R00378RL €5t AFE LR AYErs 1 ewptRe performed on
predeterm ned irradiation power. Meanwhil e,

the LHE.ARYi309:8pGld iestherhirnadiml i aRcRowepetOfically,
performng the test wite operation for the
| i ght beam control section 304 and gets test

the gaght weeam ervrbyol heeoptital®head 303 s@rth section 305
multiple different irradiati on powers and then

makergﬁg’dpgir&%ﬁegﬁage%@ﬁ M NGndased Qritbe:§ld @ in the

rate and jitter of the read signal generated,

the recording power to use when a wite ,
leadpper arfen Rls pler fof med fonmehecdabhom®a bpyeof L1 with
the information

predetermined irradiation power. Meanwhile, the CPU 309
specifies the irradiation power for performing the test write
operation for the light beam contrcl 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 Jjitter of the read signal generated, the
recording powar to use when a write operation is performed on
the data area D1 of the information storage layer L1.

[013Z2] Subsequently, the light beam control section 304 and
the serve section 305 make the optical head 303 scan the test

write =zone T2 in the lead-in area R2 of the information
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storage layer L2. In this manner, the recording
powers for witing information on the PCT/IP2009/003782
respective data areas DO, D1 and D2 of al
three information storage |layers LO L1 and L2
are determned. [0133] Next, by irradiating
the disc with a laser beamwith the recording
storpgmerlafus deék ertiitied Prgsderemaiedgetid TAi- 2 et  povwer-
on .the data area DO, DI or D2 of each
Mean%tﬁ{ﬂ,”&éﬂeonc§ﬁoéage sb@M?fieéQhé' 1 BFadiztibA power for
this case, the irradiation power that has been
deternmined for each information storage | ayer
verfohriowgliheheesprociddureedesian Bed hbove 9 gsag, control
[0134] When the user data that has been witten
sect Q?tj'b% gﬁﬁage@é etaesQOdaga @fit[e%nlofoye@l@é‘ optical head 303
I nformati on"storage |ayer LO, Li or 82
PCT/ JP2009/ 003782 L2 needs to be read, disc
withj nfudtiml ¢ onlidid rether rppatesicaof Pe¥RGY nabd ofyten read,
are retrieved fromthe control area and the

ther%gfrdet%%n?ﬂjﬁéﬁ%f qad fyrom tihe data area DG 4 dt@f of the

using t ISC information thus obtained.

[0135] In the preferred enbodi nent descri bed
readaboyel theerdesi, Whiet cezordigidTOOWEr BhdSE2 whkR @ write
supposed to be arranged only on the inner

opergg{c%rphlesr {pe?%ohggd dé)r?’ Q:qe%taitgnglféé/’DZ a:%jittﬂeori]ﬁkormation
est wite zones nay al so be arranged on the

out er
storage layer L2. In this manner, the recording powers for

writing information on the respective data areas DO, D1 and D2
of all three informaticn storage layers LO, Ll and L2 are
determined.

[0133] Next, by irradiating the disc with a laser beam with
the recording power thus determined, user data gets written on
the data area DO, D1 or D2 of ecach information storage layer
L0, LI or L2. In this case, the irradiation power that has
bean 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

area DO, D1 or D2 of each information storage layer LO, L1 or
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peri phery of the disc. Also, when a wite
request is received, the recordi ng power ¥ p009/003752
performng a wite operation on the data area
DO, D or D2 of every information storage
layer LO, L1 or L2 is determned in the
preferred enbodi nent described above. However,
L2 rfdedshetChos 309ahasdieei dedcriritiont anshauihg-be@ieces of
enough to performa wite operation only on the
1nfo!r$£ #‘Hatatr%n I%ttgﬁé'ggdléy&{ 4Q tc%nggjlegtgéé/ PLECEe user
ormation witten, then only the
irradi ati on power for perforntng a wite
dataoper aerdnfome t e diita @rea RO, nBédsrtB2pesing the disc
determ ned. Then, the user data can start

e a.shorter tinme. [0136]
lnfo%%?%)er m})l'}ltg Q}f%{}tnhg preferred enbodi nent

descri bed above, when a wite request is
[013h&cei vEU, thhe preCortithgepbweinerg3 described above, the
PCT/ JP2009/ 003782 for performng a wite

testopeﬁ%glogngg %86 gft nér%g %Egetgpﬁ$sed to be arranged

formatiron s of age ayer is ned.
Fbmever, the CPU 309 may determ ne the
onlyr ecor ditrg power agrnirheryt het i rifher ndt$on Optionally,
storage | ayer on which the wite operation is

add1€§é£arrg%st %%ELeeiénes geﬁgr %,%Beon the outer
cordi ng powers he ot in orng

storage Iayers | ater. Then, the user data can
periphart ki nghaw iditsen nnrkiamﬂ ckhgn [20187}td-orrequest 1is
. exanmple, if the test wite operation should be
received, the recording power for performing a write coperation
on the data area DO, Dl or D2 of every information storage
layer LO, Ll or L2 is determined in the preferred embodiment
degcribed above. However, 1if the CPU 309 has decided that it
should be enough 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 data area RO needs to be determined.
Then, the user data can start being written in a shorter Cime.

[0136] Furthermcre, in the preferred embodiment described

above, when a write request is received, the recording power
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performed on the inner and outer peripheries of
each of the three information storage |ayerspooso037s2
of a three-layer disc, then the sane test
write sequence should be perforned six tines
overall, thus forcing the user to wait a | ong
time before his or her data is ready to be

for weirfoeming 043811t avoiadisuclkna tgiet httifoprea of every
mul ti pl e conbi nations of specific i nformation

rage |

im0 B S kO e by 0 00
of such layer(s) may be prepared in advance.

may Teeérrnihe CRY 309ondiyng detverm erel whEtthekhor inbermation
the wite operation should be perfornmed on

e.than two s g S

tor 18 AV Ehe Lot it o o st on g b 2o "hrrommea
performed only on the 84 PCT/JP2009/003782

eariiedtor mati oay siorage nkaykes srdcdOrandg Lbowelsedprt biee other
user data can also start being witten nDre

| Kly. (ENBODINENT 4) [0139] Exanple
lnfog? fﬁﬁeE;Qﬁaget&a%ﬁ chaﬁke presen? |nventser data can

is applicable include Blu-ray D sc (BD) and
starsundny wothesn optriecghidilscs conpliant with
di fferent standards. In the follomﬁng

on4E0CT L 9B 3PP 81 POLOT ANORL L SFronno oo
enbodi nent of the

performed on the inner and outer peripheries of each of the
three information storage layers of a three-layer disc, then
the same test write seguence should be performed six times
overall, thus forcing the user to wait a long time before his
or her data is ready to be written.

[0138] To avoid such a situation, multiple combinations of
specific information storage layer({s) on which the test write
operation needs to be performed and the number of such
layer (s) may be prepared in advance. Then, the CPU 308 may
determine whether or not the write operation should be

performed on more than two storage layers. And if the answer

is NO, the test write operation may be performed only con the
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present invention to a BD will be described as
a fourth preferred enbodi nent of the preseeisr2009/003782
i nvention. <Miin paraneters> [0140] BDs are
classified according to the property of their
recording filminto various types. Exanples of
those wvarious BDs ing|ude
inforpalddroffyyadea BEeRs (Wit once)ﬁg\{Ij nds BESRERHe °on
(rewitable) . And the present invention is
alsoap@dicabl gty ament upee afuiBR1or an optical disc
conpliant with any other standard, no matter
whet her the storage nediumis a ROM
(read-only), an R (wite-once) or an RE
(rewitable). Main 85 PCT/JP2009/ 003782
(FMe@Phi@ sgonstants and physi cal fornats for
Blu-ray Discs are disclosed in "Bl u- ray Di sc
Reader" (published by Chnsha, Ltdc) on, sent
[0139%|te1¥%B@#eat‘F%esﬁéﬁ%$? Hﬁ?lﬁlﬁlrav c e Pre
Association (http://ww. Dbl u-raydi sc.conm, for
1nve§%§ﬂp|f% Jﬂ%@ﬁ%hbﬁ@e§h£1&&ﬁ|a&u -agyf ois@a BRED) aand sundry
| aser beamwith a wavel ength of approxrnately
405 nm (which may fall within th% range g In
othef yaPE&CaAM 0SHIASS UPPBEILAG Tt e TP oFét At “rers®
i's 5 nmwth respect to the standard vaIue of
the 40918MnANkaipebheCtiveapEnsavith an NA optical disc
(nunerical aperture) of approximtely 0.85

which may fall within the range of 0.84 to
accogdlng to g%e first or second prékerred embodiment of the

present invention to a BD will be described as a fourth

preferred embodiment cf the present invention.

<Main parameters>
[0140] BDs are classified according to the property of
their racording film into wvarious types. Examples of those
various BDs include a BD-ROM {read-only), a BD-R (write-oncej,
and a BD-RE (rewritable). And the present invention 1is
applicable to any type of BD or an optical disc compliant with
any other standard, no matter whether the storage medium is a

RCM (read-only), an R (write—once) or an RE {rewritable). Main
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0. 86 supposing the tolerance of errors is 0.01
with respect to the standard val ue of 0. 85)Tir2009/003782
are used. A BD has a track pitch of about 0.32
f1 m(which my fall within the range of 0.310
to 0.330 /I msupposing the tolerance of errors
is 0.010 Jimwith respect to the standard .
optigal ueCRHTLaw 32 di Ry YAHEF L NdE Ghe dPTt oy Fey biscs are
i nformati on storage |ayers. A BD has a single-
discsbeled isi nghe-lLayear 0f raageNgl @usidededlusl chayes, rtd.)
structure on the |aser beamincident side, and
its storage plane or storage _layer is |ocated ., .
and gp Whieptirrsr 25 Fpn YPsE06 Pf ﬁ)r(%éf%%&fseésso‘ﬂam“
fromthe surface of the protective coating of
(neth N/ R 186 PCJ4R2009f 00R782xal@142] A write
signal 1S sUpposed to be nodul at ed by | 7PP
nmodul ati on techni que. Recordin% mar ks are _
[0143UpposBEibiRavey: t B8 dWortesElmark +&ifgt hPotm with a
0.249 /1 mor 0.138 /I m(which is the length
wave@éng?\:kg-[)ﬂr%ﬁoﬁxo 11l 1495008 ¢¥El@h Afayd fall within the
reference clock pulse and a reference period
of nodulation in a situation where a mark is .
rangg eghriddd riintactbt dihCEPRPEH G Lhsr SALEEMHIThEd errors 1s
nodul ation rule), i.e., a channel bit length T
+ 4,0 StOfAA8 and an
x5 B LR g N S R o et
25.025 GB or 27.020 GB) if it is a .
obieshhigt e- sked, withgl e2taydP di §eUbULt CRas aperture)  of
storage capacity 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

to the standard wvalue of 0.85) are used. A BD has a track

pitch of about 0.32 gm (which may fall within the range of

0.310 to 0.330 M m supposing the tolerance of errors is =

0.010 fm with respect to the standard value of 0.320 fm) and

has cone or two information storage layers. A BD 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 75 gm to 100 fm as measured

from the surface of Lhe protective coating of the BD.
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50 GB or 54 B (nore exactly, 50.050 GB or

54.040 GB) if it is a single-sided, dual - rayar009/003782

di sc. [0143] The channel clock frequency is

supposed to be 66 MHz (corresponding to a

channel bit rate of 66.000 Mit/s) at a

standard BD transfer rate (BD 1X) 264 fod by 170D
[0142¢or r f5pbridicng 0878 L1EhARMREISSH; O RFeMgu-ated oY

264. 000 Moit/s) at BD 4x transfer rate, 396

moduMii &£ oFd@sPaNdi Ng He@oadchannetkDidrd ad@pofsed to have
396.000 Moit/s) at BD 6x transfer rate, and

528 MHz (correspondlng a channel bit rate . .
the ghoBREsDORMDIlEPEFaP Bb%%@t&latn&—”ero rateHm (which 1s
[0144] And the standard linear velocity (which

the W@h&t@|§pap@T %%IQCTMQEZQOﬁ/QQQ%&Qcybeéebfed teference
herein as "reference |inear vel ocity" or "IX")

is supposed to be 4.917 msec or 4,5 :
clockhePghee 4RPA6X arf LegRIFF N 78l off ¢ Megieion in a

9.834 nlsec, 19.668 mfsec, 29.502 nmfsec, and

51tu§glg&36wﬁé§§0,a rﬁ§P§Ct1|sVeJ:é'cor/éi.e|dl near a\teb;@@aﬁc;e with a
hi gher than the standard linear velocity is

normal ly a positive |ntegral nunber of tine
predggeHiigicagodnéakidhdat e /[ iinar FelBRTES: B lenoth T
the factor does not have to be an integer but

of 7ﬁa¥oaﬁ§an%9ao©0§ﬁtlVﬁhéaﬁihﬁunbeétoﬁﬂﬁsaﬁabbyty of 25
i near velocity that is |ower than the

standard linear velocity gsuch as 5x A
GB ofj RéaFl vENrweE eyRrchhy KEGE G@e?tﬁ%bozo Ge) it it is a

single-sided, single-layer disc but has a storage capacity otf
50 GB or 54 GR (more exactly, 50.050 GB or 54.040 GB) if it is
a single-sided, dual-layer disc.

[0143] The channel clock frequency is supposed to be 66 MHz
(corresponding to a channel bit rate of €6.000 Mbit/s) at a
standard BD transfer rate (BD 1X), 264 MHz (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 396.000
Mbit/s) at BD 6x transfer rate, and 528 MHz {corresponding to
a channel bit rate of 528.000 Mbit/s) at BD 8X transfer rate.

[0144] Bnd the standard linear wvelogity {(which will alsc be
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[0145] It should be noted that these paraneters
are those of single-layer or dual-layer BRsripro09003752
al ready on the market, which have a storage
capacity of approximtely 25 GB or
approximately 27 GB per layer. To further
i ncrease the storage capacities of BDs, .
refehigh-dersnsinBRs W eeenseolapear Cepasity” opr “1X”) is
approximately 32 GB or approximtely 33.4 GB
r,a t ryf r ve
Supp‘??%%aﬁf’b%eénggﬁ CSarRed o deas open hEts, 6x and
Her ei nafter exenpl ary applications of the
thmeé@entvalwehw@nam SuBh! BDEseRd | 1peb68 m/sec, 29.502
descri bed. 88 PCT/JP2009/ 003782 <Structure
I e i rmat | ayer
m/seiéﬂo %g]gul-jdr%g%anngj% suﬁp éel%tﬁg{rt e op%élgcgfneeirscvelouty
is a.single- sided disc, from on which
highenf orlrat | Ghei sstaathrand] Hreaw | teéaciby havi ngraally a
| aser beamincident on the protective coating
(cove er) ifet r f [ on
pos L B B s B oTraed "t han Thioog.2
mul tiple informati on storage |ayers should be
linearr andedibet weebntt hehsubisttat edand tdes have to be an
protective coating. An exenplary structure for
suc nult ver disc.i [
nceBRE b v S R R R 4 Rae (i oy
|nforrmt|on storage | ayers 502 (where n is an
lineknt egeroctihat tlatnorie t hamezertdan Speei fitgaldpyd linear
inthis

velocity (such as a 0.5x linear velocity) may also be defined.
[0145] 1t shcould 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 o©rx
approximately 27 GB .per layerx. To further increase the
storage capacities of BDs, high-density BDs with a storage
capacity of approximately 32 GB or approximately 33.4 GB per
layer and three- or four-layer BDs have already Dbeen
researched and developed. Hereinafter, exemplary applications

of the present invention to such BDs will be described.
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optical disc, a cover layer 501, (n+l)
informati on storage |ayers (layers Ln thr
LO 502, and a substrate 500 are stacked ?ﬁﬂﬁnm»mw7m
this order on the surface on which a | aser beam
200 is incident. Also, between each pair of
adj acent ones of the h;%? i nformati on storage
| 8ylers-1502, witsentledras GPEFEar SUGREEr METS”
menber is a spacer |layer 503. That is to say,
e rgfer a e tith _
EOlq%erest IegngE% ¥£&?b§{%%§¥%hog§£§£QQﬁs% iEhe single
predeterm ned depth fromthe |ight incident
sidedudfsce {iordon abitchelgfeateadendiist apee #RGMAT written
the light source). 89 PCT/JP2009/003782
L.tiple n e
by *%%&“ En na%ﬂ%§Jq%%ggkggggﬁgguﬁgﬁy?%i g%% éé%ﬁﬁincoatlng
over the reference layer LO toward the Iight
(covéncldent suréacef 0147 momet hiSormddont Reorage layers
?epth of the reference |layer LO as neasured
om.t he i nci_de r f. t.
need, BT o) A, Bl ST b L% gmmagion storage
(e.g., approximately 0.1 nn) of the onIy
layeinf ciwaldorbest eragesédydetuten dihggl subbsyrmte and  the
di sc as neasured fromthe light incident
surf ace. the dep de e
orord e eral by G BCant TS | o oaneran o S @
|rrespect|ve of the nunber of storage | ayers
multsi@ckedifc. és, shpwnthe dEepddst. | dyer cofigal disc shown
mul tilayer disc is | ocated at

in FIG. 14 has (n+l) information storage layers 502 (where n
is an integer that is more than zero). Specifically, in this
cptical disc, a cover layer 501, (ntl) information storage
layers (layers Ln through LO) 502, and a substrate 500 are
stacked in this corder on the surface on which a laser beam 200
is incident. Also, between each pair of adjacent ones of the
(n+1) information storage layers 502, inserted as an optical
buffering membar is a spacer layer 503. That 1s 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.e., at the greatest distance from the light source).
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substantially the sane di stance as the only
informati on storage |ayer of a single-I| ayettir2009/003782
di sc), conpatibility can be ensured in
accessing the reference |layer, no matter
whet her the given disc is a single-layer one
or a nultilayer one. In _addition, even if the
Mult fpirthetn IGr et oPRg B P &St s Ak Ed TAcreadhd, 10 may be
the influence of tilt will hardly increase.
stacﬁgﬁsonésmﬁﬁpaﬂﬁﬁcﬁhkﬁongmtBQ@QGEEgskef@Mﬁkeiﬂayer 1.0
affected by tilt nost, the depth of the
deepest |ayer of a nultilayer disc is
towagpprexilighel neiensaferscq-hat of the only
i nformati on storage 90 PCT/JP2009/003782
rorabaver of -aisi pgle- lakenegilsor and doesdiRe layer 1O as
increase in this case even if the nunber of
storage | ayers stacked is increased. [0143% As.
neashegd t eothedift st toViHgeatr s&rfene (fhi ERSwWpft--laver
al so be referred to herein as a "tracking
discdﬂdfq}e' %gLaQrté thesRkbah @ rectixg %&xirﬁah:%lﬁ 0.1 mm) of
optical disc may be either a parallel pat
type or an opposite path type. In a disc of the
the patal ieformsatignt pperaghel Bffdt Gods S mIthel gt 915¢ as
direction on every layer, i.e., fromsone
measﬁﬁ&f&i&ﬁpkﬁé { ogat i;opihoverdthecout ef @dgaepth of the
the disc or fromsone outer radial |ocation
toward the inner edge of the disc on every
deeptsif olmeer onlisteor ageld apert [B849Tt O 3RE) otifer constant
hand, in a disc of the opposite path

irrespective of the number of storage layers stacked (i.e., if
the deepest layer of a multilayer disc 1is located at
substantially the szme distance as the only information
storage layer of a single-layer disc), compatibility can be
ensured in accessing the reference layer, no matter whether
the given disc is a single-layer cne or & multilayer one. 1In
addition, even 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 multilayer disc is

approximately the same as Lhat of the only infeormation storage
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type, the spot noving directions are changed
into the opposite one every tine the |ayemrsrimosneirs:
scan are changed froman information storage
| ayer into an adj acent one. For example, if
the spot on the reference layer LO goes from
sone inner _radial |ocation toward the outer
layegdgé EWFLERLET 86 ook | 1P7He dO8F PPy FREEFGSg in this
to herein as "outward"), then the spot on the
casel BGOK MBL 1t0R sLFR96. 1 ayekadd Mihsgorddi@am semencreased.
outer radial l|ocation toward the inner edge
%mhlch direction will be sinply referred to
[014fér ei Maslon niee dogan t HePisgbtvige (Heection (which wiil
information 91 PCT/JP2009/003782 storage
alsoI %éerré{?er\ﬁ"ehl 190 rUtwar ds and-seadigidgh.astRatibs” or a
say, the spot on the information storage
er Lm(where mis either zero or an even
Splﬁﬂﬁ‘b‘éﬁ)e%lpp"bo gt wRFdChhtSidte "gpobe gt thegea paraliel
i nformati on storage |layer Lmtl will go inward.
pathCPPNEr Sel¥, oo SPYatanchhe. | NOLMALiObLE the parallel
storage |layer Lm (where mis either zero or an
even nunber) will go inward but the spot on
patht hEr¢ nfieremaPPbneatordgenFagaie IFhFEChi P Yo every layver,
outward. [0150] As for the thickness of the
pr@i“(?rgtéo\fn% 991@&1’: NG i16GOYBEat YL bwat@ tHANIJMZE edge of
“*fhe influence of spot distortion due to either
a decrease in focal length with an increase in
the qamer peafraperdr e Ngrorrafhel t {pgatiope toward the inner
protective coating may

edge of the disc on every information storage layer.

f0149] " On the other hand, in a disc of the opposite path
type, the spot moving directions are changed into the cpposite
one every time the layers <to scan are changed from an
information storage layer into an adjacent one. For example,
if the spot on the reference layer LO goes from some inner
radial location toward the outer edge (which direction will be
simply referred to herein as “outward”), then the spot on the
information storage layer L1 will go from some outer radial
location tcward the inner edge (which direction will be simply

referred to herein as “inward”), the spot on the information
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have its thickness reduced. A nunerica

aperture NAis defined to be 0.45 for a CB;rar2000/003782
0.65 for a DVD, but approxinmately 0.85 for a

BD. For exanple, if the information storage

medi um has an overaII t hi ckness of

approximately 1 the protective coatin
storpgy haxAr &4 H’i”clI%né%’s G357 179 5208 t%m Pat is to

More specifically, a single-layer disc nmay

say, | DGk Ugg?ota orl FRRSPAF&MtatRbat 8ebi N CRgbkNgmWtere m is
a thickness of approximately 0.1 nm and a

substrate with a thickness of apprOX|nateI%
either124wA “OnaPhevHt HBFPRANDY d dFaPR P4yt BiitsEhe spot on
92 PCT/ JP2009/ 003782 may include a protective

the 99%.‘&1[@39:1%‘: brarddd akpessupfl wappr ﬁ%' mtaly conversely,
nm a spacer layer with a thickness of

apprOX|nater 0.025 mm and a substrate with a ,
the tctkressthe  1approxiimat ebyPrRIE nppyer Im  (where m is

<Configurations for single- to four-I|ayer

elthgksgéfo [OQJ-%%] e%le@‘lurg&%r)l@,lli7g§nﬂwﬂa&d but the spot on

| ustrate exenplary configurations for
S|ngle | ayer, dual -l ayer, three-layer and
the fof{priaajep gierage rlegpeckivieryll g quderrBed
above, if the distance fromthe |ight incident

[015§H"rf ace; t e theref enence.d ayer 4Q i §r§t§@ﬂﬁ%d coating
be constant, each of these discs nay a

total di sc thlckness of approximately 1 nmm
{covebut aver noree minimize the influence of Spot distertion

due to either a decrease in focal length with an increase in
numerical aperture NA or the tilt, the protective coating may
have 4its thickness reduced. A numerical aperture NA 1is
defined to be 0.45 for a CD, (.65 for a DVD, but approximately
0.85 for a BD. For example, if the information stcrage medium
has an owverall thickness of approximately 1.2 mm, the
protective coating may have a thickness of 10 #m to 200 pfm.
More specifically, a single-layer disc may Include a
Lransparent 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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preferably 1.40 nmor less if there is a | abel
printed) and the substrate 500 may have a pcrap2000/003782
t hi ckness of approximately 1.1 mm That is why
the distance fromthe light incident surface to
the reference layer LOw Il be approxi mately
0.1 mm In the single-layer disc shown in FlG

may 15nCLuge | 3 f REOSCRIFEG CA2)ing t fdtBovar Fajefness of
5011 has a thickness of approxinately 0.1 mMm

apprbglrﬁ@@elqgu% d?@y%ﬁu d'aSCs 1dyde! Gith6 | el®ickness of
e cover |ayer 5012 has
a thlckness of apprOX|nateI 93

apprPEMIEA00d) 08378m D75 and tthe'idpackr thickness of
| ayer 5302 has a thickness of approximately

apprgxgﬁgggmy ﬁnglhp the three-layer disc shown in
17°(i.e., if n-2 in FIG 14) and in the

four-layer disc shown in FIG 18 (i.e., if n=3
in FIG 14), the cover |ayer 5014 and/or the
spacer | ayer 5304 may be even thinner. [0152]

heagc:oﬂﬁg%rg@mﬁ@eﬂdrplsax o1 ft%t fHﬁ?Slzﬁfbroféltﬂs@éi

I ncludi ng an objective lens with a high
NA, aberrations such as a spherical aberration
(01560 be P¥&Fducdd.duddto the aki cRBess! lysigimtehesxemplary
Ilght i ncident surface of the disc to the

Conf.ﬁg %horkorStsq_rn%g.% héyélf %ﬁél%%&b?usk}ﬁree layer and

e quality of a laser beamto be
converged on the informati on storage | ayer. For
fourt-haver edsors, sufciveahiappar at 88 dssprovddetPaticrh 1 the
means for

distance from the light incident surface to the reference
layer LO is supposed to be constant, each of these discs may a
total disc thickness of approximately 1.2 mm (but 1is more
preferably 1.40 mm or less if there is a label printed) and
the substrate 500 may have a thickness of approximately 1.1 mm.
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., if n=0 in FIC. 14),
the cover layer 5011 has a 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 layer 5012 has a thickness of approximately
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correcting such aberrations to be produced due
to the thickness. [0153] To elim nate thepcrgr00/003782
aberration conmponents such as a spherica
aberration to be produced due to the thickness
from the surface of the protective coating of
an optical information storage nediumto the
0.07p nfrgt matfontist ofRgeeT ayé¥ersf rotlon "ffi ¢h thickness of
information is read or witten, the aberration
apprEPIfAChiNg FEaps. gepgfat €St abeldakiy,on §hal shown in
wi || cancel the 94 PCT/JP2009/ 003782
aberration conponent that has been produced by
FIG. ebEh(1 ienf,ordanion 5t dildge Wayenpd Sucthearfour-layer disc
aberration correcting neans is originally
showge§ﬁgﬁﬁ9.QQ§!ﬁﬁ%t¥ $P §§:§°i%eﬁﬂﬁe1hﬁ? the cover layer
aberration with respect to the 1 nformtion
storage | ayer of a single-layer structure and
5014 gpsd/ drakbs s radégant 53te Nagbee ratqrok R B P
produced when a read/wite operation is
[015@Frf(”ﬂ2§%,09nag féﬁéﬁagﬁpbfﬁyégS%%égeuégﬁﬂdﬁﬂb?&££b1 head
a dual -layer structure.” The m nimum aberrati on
poi nt designed is defined to be |ocated at a
inclydipich af dppcokiaaiely GOOe /Migh A%, MP&astRens such
fromthe surface of the protective coating.
as aTQﬁ%efﬁ:alm@%ekf:a@icgr?ac@ We! Ej%oaﬁlgéc@td&n tBeeds {9ickness
be focused on an 1nformation storage |ayer, of

whi ch the depth is not equal to _
from the light incident surface of the disc to the information

storage layer will seriously affect the gquality of a laser
bezam tc be converged on the information storage layer. For
that reascon, such an apparatus 1s provided with means for
correcting such aberrations to be produced due to the
thickness.

[{0153] To eliminate the aberraticn 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 infcrmation storage layer
from/on which information is read or written, the aberration

correcting means generates an aberration that will cancel the
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the m ni nrum aberration point, then an

appropriate aberration correction val ue shethrthoo0o3782
be set for that information storage |ayer by
controlling the aberration correcting neans.

<BD s physical structure> [0154] FIG 19

illustrates the physical structure of an

abergptidnl GEETSI0 adéddi H§St o BN s prEfEFped Py each
enbodi nent. On the disklike optical disc 510,

infoﬁn};l@fon()f S‘E(g}%@ @&%elaf e ARnPG4J ngggé@ﬂﬁJS@orrecting

arranged either concentrically or spirally. And
each of those tracks 512 is subdivided into a

meang ol soforégérakly AeSiNd p@tigastyi BedaFatér reduce the
data is supposed to be witten on each of

aberEQ9§§1Hﬁ%ﬁk§e§$é%fUEJt%%eba%k§rﬁgtf%nb%@6%a§é3lé¥er of a

a predetermned size. [0155] The optical disc

510 of this preferred enbodi nent has a greater
singseorage capaettyrperancnf offat i bHet orld§e | ayepunt the

than a conventional optical disc (such as a 25

aperSB B +oThe SLOLAGE: CARAC LY isidMeieasedebrion is
I ncreasing the storage |inear density, e.g.,

by shortening the mark |length of recording
perfaankd qro e Irdfarmeniohesbptdgcalnediisy, wiph a dual-layer
exanple. As used herein, "to increase the

ge 4y ro.densi oy r i B84 hes ;
weooShAESY AP G i PR PRI BB e serines

to be located at a depth of approximately 80-%0 f 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 value should be set for that information storage

layer by controlling the aberration correcting means.

<BD’s physical structure>
[0154] FiG. 19 illustrates the physical structure of an
optical disc 510 according to this preferred embodiment. OCn

the disklike optical disc 510, a lot of tracks 512 are
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corresponding to one cycle tinme T of a
reference clock signal (i.e., a referencepctir2009/003782
cycle time T of nodulation in a situation
where marks are recorded by a predeterm ned
nodul ation rule). The optical disc 510 nay
have nmul tiple informati on storage |ayers.
arrapgied fOIUNER RGNSEECHICPLLBCT REREGELY - oy Sﬁ%h of those
informati on storage |ayer thereof will be
trac#§sEis bed £orqi.GeaMeRhencs $akeor | Bedr st UatAsONill be
where there are multiple 96 PCT/JP2009/ 003782
i nfornation storage layers in the sane optica
descgilazd , lakagn i42t3t hies 180968 Have tHfe '$arb=i @Pheach of
bet ween the respective information storage
thoskYBESord NG9t OoLagechinegisidensistigs coubd 513 of a
al so be different fromone |ayer to another by
uniformy varying the mark | engths on a
predebyetiaey- Bayer basis. [0156] Each track 512 is
divided into a |l ot of blocks 513 every 64 kB
i | obyt.es he t A rSt0NnadeeuhLd - embodiment
[015%ﬁd bﬁ%sé%gn%%%shgfg 5F?egﬁiequenf?§1 bl ock
addresses. Each of those blocks 513 is
has sulgdkeerdedsionays Ma@acstipbPetks) f @ACh iChairpERrE Laver
predeterm ned | ength. The three subbl ocks are
thanags gﬁggnig'l%@lo% tgggpe&i:‘sco}c g&lchl én(:ia 2d et @D"—? . The
Fder. <Storage density> [0157] Hereinafter,

the storage density wl | be descri bed
storage capacity is increased by increasing the storage linear

density, e.g., by shortening the mark length of recording
marks to be left on the optical disc, for example. As used
herein, “to increase the storage 1linear density” means
shortening the channel bit length, which 1is @& length
corresponding to one cycle time T of a reference clock signal
(i.e., a reference cycle time T of modulation in a situation
where marks are recorded by & predetermined modulation rule).
The optical disc 510 may have multiple information storage
layers. 1In the following description, however, only one
information storage layer therecf will be described for

convenience sake. In a situation where there are multiple
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with reference to FIGS. 20(a), 20(b), 21 and

22. [0158] FIG 20(a) illustrates an exanpber®bogeoos7s:

a 25 GB BD, for which the |aser beam 200 is

supposed to have a wavel ength of 405 nm and

t he objective lens 220 is supposed to have a

nunerical aperture (NA) of 0.85. [0159] As in a ,
infopyD; idatsAoragal $overs tterton 9HE PPACKIB13isqg7 even 1L

PCT/ JP2009/ 003782 of a BD as a series of marks
the Sgpacéglkkﬂét ahe psoduced 188 ape RS ttﬁg_arespective

physi cal variation. The shortest one of this

series of marks will be referred to herein as
inforyet foghekpesye Jmioks, Fhe FIGrage(ajncthéepgrkies could

521 is the shortest mark. [0160] In a BDw th a
alsoShQr age- CaARAEH ty-Qf 22 Baybiheroshordi@st M kuniformly

521 has a physical length of 0.149 J1m which

is approximately 1/2.7 of the shortest mark of
varyand\ibe Andkelarthisf ophe sl Gyi 6uydf Paskaser

beamis increased by changing the paraneters

an i y ugh, as.t vehepgbh piocks 513

(015105 ART Sad The KA (0285t s val e s

still rather close to the |imt of optical _
everye§bl it | Orilobetew mhitclshr é6oF8f ndptrarksrage Upp-- And

| onger recogni zable for the Iight beam [0161]
thosE! 9108%3 ' g%é’lsﬁfx%nessé%q&tn@tigl wWheE & axhdGiscReampach of

spot as been formed on the series of

recordi ng marks on the track
those blocks 513 1is subdivided into three subblocks, each

having a predetermined length. The three subblocks are

assigned subblock numbers of 0, 1 and 2 in this order.

<Storage density>
[0157] Hereinafter, the storage density will be described
with reference to FIGS. 20(a), 20(b), 21 and 22.
[0158] FIG. 20(a) illustrates an example of a 25 GB BD, for
which the laser beam 200 is supposed to have a wavelength of
405 nm and the objective lens 220 1s supposed tc have a
numerical aperture {NA) of 0.85.

[0159] As in a DVD, data is also written on the track 512
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512. In a BD, the |ight beam spot 210 has a
di anmeter of about 0.39 JIm which may var ycriapooe/003782
with paranmeters of the optical system |If the
storage |linear density is increased w thout
changing the structures of the optical system
then the recording marks will shrink for the
of agBheagpdt ST afg RE<F| gAY, beim 3ot 25 0P TamHFed as a
the read resolution will decrease. 98
resuEgTéép%Qq%ﬁQQ%gﬁzva&@%@g$n§h trhe Qidekebandne of this
FIG 20(b) iillustrates an exanple of an
~optical disc with an even hi%her st or age
serigensft patkhanvhll 25 g3 BoreguttoefeRetdr aguEhe o shortest
di sc, the |l aser beam 200 is also supposed to
narkfavera E\@yeb@ th@f 405 piand the ohireebiviark.
| ens 220 is al so supposed to have a nunerica
aperture (NA) of 0.85. Anobng the series of
[016¢hr ks BR4a 595 eitlsugh wodirge, ¥mecifhortest> CG3. the
mar k 525 has a physical length of 0.1115 /1 m
F - e icz ik NS ; ;
S S e i A G
marks and the interval between the marks have
spprepinatielvAd /8- 7 eslil the t eortead Pas6l of i dnbylp4 | And even
decrease. [0163] The shorter a recordi ng mark,
if t%gemﬁﬁﬁhk§58tﬁﬁEAQE%EEtHQQHQLs%n%@@gséigﬂﬁkhhﬁging the
e generate en the recording mark is

scanned with a light beam And the anplitude
paragdles:s of an optical system such as the wavelength (405

nm} and the NA (0.85), this value is still rather close to the
limit of optical resolution, below which recording marks are
no longer recognizable for the light beam.

[0161] FTIG. 21 illustrates a state where a light beam spot
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 Hm, which may vary with parameters of the optical system.
If the storage linear density 1is 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 resclution will decrease.
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zero when the mark length gets equal to the
limt of optical resolution. The inverse pcT/ap2009/003782
nunber of one period of these recording marks
is called a "spatial frequency” and a relation
bet ween the spatial frequency and the signa
anplitude is called an "optical transfer
(0162 inct iBn theTEyher Agndy hBISpAG &) 1 ediigrhdys an example
rises, the signal anplitude decreases 99 PC
of aml 452008/ 003484 @l Mpdvdnl Reghty. s gbhBensity than a
readable imt at which the anplitude of the
signal goes zero is called an OTF cutoff. _
25 GBOES4] BMG e¥enj §oi §rabhasHOWF ngthow tife &ppm 200 1is
of a BDwith a storage capacity of 25 GB
alsocmd\’\ﬁtg hhihe sShektestyrd egouds Ngn MK the objective
| ength. The spatial frequency of the shortest
mark on a BD is approximately 80%of, and is
lensr22hee ellegestrposachecORve it GFRSf tetuemeyture (NA) of
can al so be seen that a read signa
0.85" ePLEsENt A sLhe. shoF test.smabk, hess aplshibHde dise, the
that 1s as small as approxinmately 10% of the
maxi mum det ect abl e anplitude. The storage
shorcagacimaykat523fhi chst e spatiedl fleegueney of-tlhe # m.
shortest mark on a BDis very close to the OIF
cOmp%é&f fofreaUengya)i - &he Ih8 S1O/AGRRARACIELYr8kimately
ich the read signal has al nost no anplitude)
corresponds to approximately 31 GBin a BD
0.3%Wren buhebbriequencypcetdiie regdd and the interval between

+he marks have shrunk. As a result, the read resolution will
decrease.

[0163] 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
zero when the mark length gets equal to the limit of optical
resolution. The inverse number of one period of these
recording marks 1is called a ‘“spatial frequency” and a
relation between the spatial frequency and the signal
amplitude is called an “optical transfer function (OTF}”. As

the spatial frequency rises, the signal amplitude decreases
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signal representing the shortest mark cones
close to, or exceeds, the OTF cutoff PCT/JP2009/003782
frequency, the limt of optical resolution my
have been reached or even surpassed for the
| aser beam As a result, the read signal cones
to have decreased anplitude and the SNR drog .

alnogt eepiFa g165] Aht 1§ whsA4MR ehlgﬁm%ﬁ(aﬁﬁge faieh  the
density optical disc 100 PCT/JP2009/003782

ampl $Hew d kb G i 2R(boweute-haveckl BeSt@r 8g8 cutoff.
linear density defined by the frequency of t he
read signal representing the shortest mark

[016hi ch B8 i# fih%rfiﬁfb.Sﬁowgrn%fh%ethéTﬁTEu?%far BD with
frequency (i.e., it is |lower than, but not

a sShogdi Q@.EEYt%OWﬁg othagy th%n@EE ckiof f the shortest
frequency i gher than the OTF cutoff

frequency. [0166] FIG 23 is_a_graph show n g
recoRBng He rk éﬁagtfanpl’-?ft%o@at&ﬁénaﬁ%qu fhethie shortest
spatial frequency in a situation where the

marksgﬁtéaéDfQﬁQ¥§Q6¥1ﬁﬁtéﬂy3B%Qobfeséndnﬂ§<r@%ﬁérléﬂose to,
hi gher than OTF cutoff frequency and where

the 2T read signal has zero anplitude. In FIG
the 93F gheohafreduencdquedty G théCshor 5680 thalka read
2T is 1.12 times as high as the OTF cutoff

signgiegéﬁfgééntiﬁ %Bbo@h@%&@@@an@Neﬁﬁﬁgﬁﬁblﬂ@ﬁd@n@hat is
ength> [0167] An optical disc with high

storage density needs to
as small as approximately 10% of the maximum detectable

amplitude. The storage capacity at which the spatial
freguency of the shortest mark on a BD is very close to the
OTF cutoff freguency (i.e., the storage capacity at which the
read signal  has almeost no amplitude) corresponds  to
approximately 31 GB in a BD. When the frequency of the read
signal representing the shortest mark comes close to, or
exceeds, the OTF cutoff frequency, the limit of optical
resolution 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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satisfy the followi ng relation between the

wavel ength, the nunerical aperture, and t hersr2009/003782
mar k/ space | engths. [0168] Supposing the

shortest mark length is TM nmand the shortest

space length is TS nm the sum P of the

shortest mark |length and the shortest space

showpergt H % MBS mulich the chse Siemadsc Linear density
T/ JP2009/ 003782 of 17 nodul ation,- P =2T +2T

defiméd - p¥stng thetheeeparpaete4s éﬂgnaﬂh&epresenting the
wavel ength A of the [aser beam (which is 405 nm

5nm i.e., inthe range of 400 nmto 410 n -
shorfpgt Aiafdri &alCh aper tiir ¢ INAREWRTE eH 'Y 6fg5ne. BT cutoff
i.e., in the range of 0.84 to 0.86) and the

rreqitie P Af <t hei shoy ieskrmandn | engt Rodngidhigicantly lower
shortest space |ength (mhere P=2T+2T=4T in the

case of 17 nodul ation, in which the shortest
thany ehigt HOTFs ZEPELi FeEReIGH t OF| BRES Trd8crBasEE" cutofs
to the point that the inequality P<- A/2NA is
freqi@idpfied, then the spatial frequency of the
shortest mark exceeds the OIF cutoff
frequency. [0169] If NA = 0.85 and X = 405,
[016fhen tiHé -uRpt PepgsRasp %ﬂﬂ%@éngﬁﬂl?ﬁft%}ﬁﬁﬁé amplitude

OTF cutoff frequency is calculated by T=405/
chan%gsx%gkﬁsahé4s§§:§§8iﬂ%hugﬁByeﬁﬁeEYSltﬁa€iéhl%here the

is satisfied, then the spatial

spatial frequency of Lhe shortest mark (2T) is higher than the
OTF cutoff frequency and where the 2T read signal has zero
amplitude. In FIG. 23, the spatial freguency of the shortest

mark 2T is 1.12 times as high as the OTEF 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] Supposing the shortest mark length is TM nm and the
shortest space length is TS nm, the sum P of the shortest mark

length and the shortest space length is TM+TS nm. In the case
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frequency of the shortest mark becones | ower
than the OTF cutoff frequency. [0170] As eatip2009/003782
be seen easily, just by increasing the storage
i near density, the SNR woul d decrease due to
the limt of optical resolution. That is why
i f the nunmber of 102 PCT/JP2009/ 003782
of 1¥ mfeattiion, sPoraAdelTagEr s Pehadiche Weres parameters of
i ncreased excessively, then the decrease in
the %gﬁeﬂé h bg ajy iygRenT.ssi ngmd HhES is 405 nm=*5 nm,
considering the systemmrgin. Particularly
around a point where the frequency of the )
i.e.ghort eSter eBPdi Ry maYk &¥ceets 4t e "MOTF iRt ofpmerical
frequency, the SNRwll start to decrease
aper%%z_e@mlly' (w[hqg:zllle @.éﬁ&of.@'i?gﬂ&g, q'LQISCtﬁ‘LIethIQ@e of 0.84
the storage linear density has been descri bed
by conparing the frequency of the read signa
to Or8fr esent ithg EHE é’h@gtééne FREKLED" t Rerlorfenyth and the
cutoff frequency. However, if the storage
shorggyg'l _i,g;yac f 1% ths ({;\géf{eﬁ’:éiﬂpﬁ@a&s@g' i1t1 h@lﬂe t&rﬁse of 17
storage density (and the storage |inear
density and the storage capacity) can be . ,
moduefigred ivasédcbnthhesheamstprisnoipl éSadTivhatt the unit
has just been described by reference to the
lengE ! Atdon DeLyegn (fhe breauansy (Rt the-eady
signal representing the second shortest mark
(or the third shortest mnmark or an even shorter
recot dewg mark) and the OTF cut of f

is =atisfied, then the spatial frequency of the shortest mark

exceeds the OTF cutoff frequency.

101691 IT NA=0.85 and A = 405, then the unit length T

corresponding to the OTEF cutoff frequency is calculated by
T=405/(2X0.85)/4=5%.558 nm.

Conversely, if P > A /2NA 1is satisfied, then the spatial

frequency of the shortest mark becomes lower than the OTF

cutoff freguency.

[0170] As can be seen easily, just by increasing the

storage linear density, the SNR would decrease due to the

limit of optical resoclution. That 1is why 1f the npumber of
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frequency. <Storage density and nunber of

| ayers> [0172] A BD, of which the PCT/IP2009/003782
speci fications include a wavel ength of 405 m

and a nunerical aperture of 0.85, nmay have 103

PCT/ JP2009/ 003782 one of the foll ow ng storage
capacities per Jayer. Specifical

i oSER TR SLEEGUency ar FRE Tt HEEP TFRE S TaorREoo oLy,
the vicinity of the OTF cutoff frequency, the

thenskﬁéagﬁpréﬁﬁﬁcﬁﬁyS@QUhﬂgbe approxiinakehysettlad degree,
to or higher than 29 (B (such as 29.0 GB 0.

5
G or 29 GB 1 GB), approxinately e
conskighels (1Hgh BTG (Sdehlas 30761 %%1%3’5 aé@u&?i a point
30 GB-1 GB), approximately equal to or higher

wher&h@&a%&e@ﬁeﬁé@Qﬁf&ﬁmﬁ%h@rté&% Rcdr&Bhdmalk GBceeds the
1 GB), or approximately equal to or higher
than 32 GB (such as 32.0 GB0.5 GB or 32 GB|
OTF gm)off Fgeanneh (HE SFBerlﬂaﬁ&arFft‘f HESHAtT af -eeP Ly

frequency of the shortest marks is equal to or

[Ol?bﬁgherh{h@%btiﬁ%rgggi&#t@Eécrfﬂﬂ%&ﬂ?nqymetiﬁbrage linear
storage capacity per layer could be
approximately equal to or higher than 32 GB
densisyicheasca?: Gleagpribed by se@pgring2 teg Tisggncy of the
approxi mately equal to or higher than 33 GB

read(§H8Ha?Srég%é%eﬁglﬁg BndB: 33 tRBhrit €B) the OTF cuteff
approximately equal to or higher than 33.3 GB

(such as 33.3 GB0.5 GB or

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 based on the
same principle as what has just been described by reference to
the relation between the freguency of the read signal
representing the second shortest mark (or the third shortest
mark or an even shorter recording mark) and the OTF cutoff

frequency.

<Storage density and number of layers>
[0172] A BD, of which the specificaticns include a

wavelength of 405 m and a numerical aperture of 0.85, may have
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33.3 BB 1 &B), approximtely equal to or
hi gher than 33.4 GB (such as 33.4 GB 0. 5pEr2009/003782
or 33.4 BB 1 (B), approximately equal to or
hi gher than 34 GB (such as 34.0 GB-h0.5 GB or
34 B 1l G or approxinately equal to or
hi gher than 35 GB (such 104 PCT/JP2009/ 003782 1
one 9135 Pigpoigly iR 355 EHI29eR) FHLFATFh t ks ~°YeT
case, if the storage density per layer is 33.3
specfBicAN QvekakheSkphage: capagichyyobf the shortest marks
approximately 100 GB (nore exactly 99.9 (B)
is realized by the three storage
is igordbene@dcimhty hef otfifer CHandtq tfilféqé?%‘?%gethe storage
density per layer is 33.4 GB, an overal
capaSiOf %l@aﬁécbﬁﬂréﬁ%tbﬁyn@(ﬁ@ai thar 18098 than 239 GB
(rmore exactly, 100.2 GB) is realized by the
three storage Iayers conmbi ned. Such a storag
(suchapacil40 i aPrbstE @gu Q%—@hﬁBbap%&flofflﬁ’“ﬁt%lY equal
situation where four storage |ayers, each
a or age cdensiity 9f 25 (CBp-Abespsovéderh ca+1
to OP Kll%gesmg e%%DG%F3§hgxanp le, if the storage
density per layer is 33 GB, the overal
GB) , stlepagd rehphei ¢9udls t33%8Jowhes, that o' i@ (Pusk as 1.0
1 G (or less) snaller than 100 GB. On the
GB +CH herg, éjag'p ll f Bu]%] s&9F ader depsidyirPeeila%ehal to oz
34 GB, e overa storage capacity 1s
34x3 102 GB which is 2 GB (or less) |arger
nightharharl G GB. (Ffugh ker Adr @, CHF 0t hechtogr 4§eFB+1 GB) -
density per layer is 33.3

[0173] On the other hand, if the spatial frequency cf the
shortest marks is equal to or higher than the OTF cutoff
frequency, the storage capacity per layer could be
approximately equal to or higher than 32 GB (such as 32.0 GB=X
0.5 GB or 32 GB=*x1 GB), approximately equal to or higher than
33 GB ({such as 33.0 GB£0.5 GB or 33 GBx1l GB), approximately
equal to or higher than 33.3 GB (such as 33.3 GBx+ 0.5 GB or
33.3 GB=*1l GB), approximately egual to or higher than 33.4 GB
(such as 33.4 GBR=*x0.5 GB or 33.4 GB:=*1l GB), approximately
equal to or higher than 34 GB (such as 34.0 GBX0.5 GB or 34

GB+1 GB) or approximately egual to or higher than 35 GB {such
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@B, the overall storage capacity is 33.3x3=99.9

GB, which is only 0.1 GB (or |ess) smal| efCTAP2009/003782
than 100 GB. And if the storage density per

| ayer is 33.4 GB, the overall storage capacity

is 33.4X3-100.2 GB, which is just 0.2 GB (or

as 3bes9R4argen Lhans dHe1 PRIy JP2009/ 003782 100
GB. [0175] It should be noted that if the

storage density were increased signifijicantly, .
(017¢hen 1 woUFd BeCei i COFL SE67PEt [ OPHIL Agad 12ver is
operation accurately because the shortest marks
33.3500Ul & be-rFLad MBdeEeT ALhaL 1Se\ET eppeRRiddtNs. 100 GB
That is why a realistic storage density that
woul d realize an overall storage capacity of
(morq 0@*@Bt by, méPe? without® | At? biihgPY hélestidirage storage
density too nuch woul d be approximately 33.4 GB
layeP@rcmhﬁX%ﬁu [QigahﬁthmﬁkshﬁﬁaﬁaiEh%h@pgtgﬁége density
disc may have either a four-layer structure
wth a storage density of 25 GB per layer or a
per thfge-iPayer 4 stFuctuPESHRth SEOSEETF atRP ey H)abbfis more
33-34 (B per layer. If the nunber of
thanl IdPrdmt RReSLOLAYR,,| avers csfackedd1i-a3dbgCihe three
is increased, however, the read signa
obt ai ned from each of those |ayers will have
storgger bused @ipliretide CHFhaldEErPEasRAINitands almost
stray layer wll also be

equal to the capacity in a situation where four storage layers,
each having a storage density of 25 GB, are provided for a
single BRD. For example, if the storage density per layer 1is

33 GB, the overall storage capacity is 33X 3=99% GB, which is

just 1 GB (or less) smaller than 100 GB. On the other hand,
1f the storage density per layer is 34 GB, the overall storage

capacity is 34X 3=102 GB, which is 2 GB {(cr less} larger than

100 GB. Furthermore, if the storage density per layer is 33.3
GB, the overall storage capacity is 33.3X3=5%9%.9 GB, which is
only 0.1 GB {or less) smaller than 100 GB. And if the storage

density per layer 1s 33.4 GB, the cverall storage capacity 1s

33.4X3=100.2 GB, which is just 0.2 GB (or less) larger than
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produced fromthose |ayers (i.e., the read
signal obtained fromeach information st ol
| ayer will be affected by a signal obtained
froman adjacent |ayer). For that reason, if a
three-layer disc with a storage density of

100 38-34 GB per 106 PCT/JP2009/003782 |ayer is
adopted i nstead of a four-Iayer disc with a

Bép2009/003782

rage denS|t¥ of 25 GB per, | aye t hen an .
m”é@/er al 1t storage e apakid y-hadt 14pp %x?’ﬁﬁiagle §optty were
GB wll be realized by the smaller nunber of

incrkAY&d Silghi @i gatdrge thast eady@f1df edr gi witduithec perform
i nfluence of such stray light m nimzed. That
iIs why a disc manufacturer who'd like to

2 repdaPPSRrERoREFEF Lt brosgE Ueap Akt t S uf-est marks should
approximately 100 GB while minimzing the

pe PeMenngl- imnferpation st oragaiayers stagkeds why a
woul d prefer a three-layer disc with a storage

density of 33-34 GB per layer. On the other
realhahtt &tAFEEC mARITHEYUr 8P Whd IR k&S0 FeaPlze0verall

an overall storage capacity of approximtely

stor&@@ Boysing bhepgonyentt onale f QL aBdu@SihérdsSing the
i.e., a storage density of 25 GB per |ayer)

could choose a four-layer disc with a storage
storgensfieysidly 2BGEYEY R Er PO FPPRPSHRHer 35-4 GE per
manufacturers wth different needs coul d
1aye@chieve their goals using nmutually different
structures, and, and therefore, are afforded an

(01763 In this case, the optical disc may have either a
four-layer structure with a storage density of 25 GB per layer
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 those layers will have decreased
amplitude (or a decreased SNR) and stray layer will also be
produced from those layers (i.e., the read signal obtained
from each information storage layer 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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i ncreased degree of flexibility in disc design.
[0177] Alternatively, if the storage densi tp§ AIP2009/005782
per layer is in the 30-32 GB range, the
overal | storage capacity of a three-layer disc
will be short of 100 GB (i.e., approximtely
1ayet01sPEdsFRZ008/303482 ¢ 90£96- B)ybutdikbatiiof @ storage
four-layer disc will be 120 GB or nore. Anobng
other things, if the storage density per |ayer .
densi§y abpf oxFheR el y B e g f 8lir OF ﬁ?&aéﬂ fapacity
have an overall storage capacity of
of aBpPsOxidRtel yod28& @B.11Whk Ched s dhergevantdraller number
power of two that woul d be processed easily and
conveniently by a conmputer. On top of that,
of layrpar et Yo thECBverstqcd Sfofaye’ cipdeilty dpfluence of
approximately 100 GB realized by a three- |ayer
suchdis8Cay eVEIhShontiasteBr kKshgoul £ & s he geadnuracturer
under | ess severe conditions. [0178] That is
why when the storage density needs to be
who' fincp bz edto a Miider ofdi PFefeht stgrage capacity of
densities per layer (such as approximtely 32
appr@iﬂ\%l@pprﬁ?@ ma@,@l Ywi3S1 4 @B)n Bi€ i nkr ef@fcablyimber  of
offered as nmultiple options so that a disc
. manuf acturer can design a _disc nore flexibly by
infoxgaptihgoneseofardios S aaerplraust opgyéer & three-layer
densities and any nunber of storage layers in
discali@hbbl Ly combinatd oo Foi-eXaml@r @ayer. on the

other 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 goals using mutually
different structures, and, and therefore, are affcrded an
increased degree of flexibility in disc design.

[0177] Alternatively, 1f the storage density per layer is
in the 30-32 GB range, the overall storage capacity of a

Lhree-layer disc will be short of 100 GB (i.e., approximately

107



manuf acturer who'd like to increase the overal
storage capacity while mnimzing the PCT/IP2009/003782
i nfluence of nmultiple |ayers stacked is
of fered an option of making a three-|layer disc
with an overall storage capacity of

90-sappr Oxdutataky dOG GBuly1ald8 ACH 4P200% Q08782 or more.
stacki ng three storage Iayers with a storage

denS|ty of 33-34 gBt%ﬁ a On the ot her .
ATOnfarff;"eS nehtiEet ut o' 14 ﬁ@@ 1O e e laver is
the overall storage capacity while mnimzing

apprbRénatidpactz ams,r eadrperfieraangest Swolf engek afh overall
option of making a four-layer disc with an

overal | stora e capaC|t¥ prOX|nater 120
Stor@%@o?aﬁﬁﬁﬁéyb9 STRRHFAG2F Bl FﬁgewTHVé the seventh
with a storage density of 30-32 GB per | ayer.

powe&0$f9£w5btﬁﬁﬁtﬁHuBM“H@Tﬁﬂbc%@@é@ E0 1S et BbBSeniently
Is adopted for a BD, the best recordi ng power
can be determ ned for each information storage

bY 3 ageFPBYElusi ngt hePtopPf cditalr sEEPraet ke e overall
the first or second preferred enbodi nent of the

storBh€Se€aciichvent Leprsescrhichedl apaye. rebhat el Sbifhy three-
even if recording marks should be forned nore
accurately to cope with an increased storage

laveri Akt 8RS BYOT 8T it kepEPELT o Farbcalr§gc B%der less
performed appropriately with the best recording

sevePOWEIndikNDWSTRI AL APPLI CABI LI TY

[C178] That is why when the storage density needs to be
increased, a number of different storage densities per laver
(such as approximately 32 GB and approximately 33.4 GB) are
preferably offered as multiple opticns so that a disc
manufacturer can design a disc more flexibly by adopting cne
of those multiple storage densities and any number of storage
layers in an arbitrary combination. For exangle, a
manufacturer who’d like tc increase the overall storage
capacity while minimizing the influence of multiple layers
stacked is offered an option of making a three-layer disc with

an overall stcorage capacity of approximately 100 GB by
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[0180] The present invention can be used

effectively in various types of informati §RT/AF2009/003782
storage nedia and information witing devices,

and can be used particularly effectively in a

109 PCT/JP2009/003782 wite-once or rewitable

stackNh@r MtdcOktSaEa0Ea VRt WTEW LhstBrfR: RhsMOyeof 33-34
i nformati on storage |ayers and an information
witing device conpatible with such a storage

GE PREJ WAL -REPERENCE ISSENG 2L s T2 ﬁ3§f§iTtTX§r phoTd like to
D2, D3 data area LO L1, L2, L3 information

incrsh 9k ageel Q)yr%rralﬁo»s_tgiagé?zcaﬁ@ci’@adw}hﬂeﬂrﬁﬁqfﬁgzing the
T1, T2, T3 test wite zone 110 substrate 111,

. 112 spacer layers 113 cover |ayer 110 )
IMPapETrY PPOB9/ POBTBANCEAIRB °L Fe A | #f oPEtTbrP T making a
storage nediumwith n informati on storage

fourt?&'%J_S (Whesre pids apni neges:t hatrbSapauatagQity of
approximately 120 GB or more by stacking four storage layers
with a storage density of 30-32 GB per layer.

[0179] No matter which of these two structures is adopted
for & BD, the best recording power can be determined for each
information storage layer by using the optical disc structure
of tThe first or second preferred embodiment o©f the present
inventicon described above. That 1is why even if reccrding
marks should be formed more accurately to cope with an

increased storage linear density, a write operation can also

be performed appropriately with the best recording power.

INDUSTRIAL APPLICABILITY

[0180] The present invention can be used effectively in
various types of information storage media and information

writing devices, and can be used particularly effectively in a
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greater than three), on which data can be
witten with a |aser beam and which are FCEAR2009/00378>
st acked one upon the other, wherein each of the
n information storage |ayers has a test wite
zone for determining the recordi ng power of the
writkas@fe kgamewaneayheriairs-mhernd Reseafe medium with three
information storage |ayers are counted from
the one that is |ocated nost distant fromthe o
or megppf ARECIHAURE AEUTIHA O KWECRNE N | HEEETREARR writing
is incident, there is a bigger radial |ocation
devidiféotenes1berweerthea owelgepaELpheral end of
the inner one of the test wite zones of ith
and (i+l)th information storage |ayers (where
is an integer that satisfies 2- i -n-1) and
the inner peripheral end of the other outer
REFERESGE Wricke Zpee than between the outer
peri pheralr—end of the inner one of the test
wite zones of jth and (j+l)th information
[018&f orage | ayers (where j is an integer that
satisfies | ~j~i-1) and the inner peripheral end
po, §1, tde ekher. Quiger, test wite zone. ill
PCT/ JP2009/ 003782 2. An information storage
medi um conprising at least three information
L0, 5% orfye WRayef s malHereishorfets eld¥§ra wi der radi al
gap between the
RO, R1, R2, R3 lead-in area

TCO, T1, T2, T3 test write zone

110 substrate

111, 112 spacer layers

113 cover layer
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respective test wite zones of a pair of
adj acent information storage |ayers that AFGIP2009/003782
| ocated closer to the surface of the nediumon
which a | aser beamis incident than between the
respective test wite zones of another pair of
adj acent information stamage | ayers that are
| ocat ed nore distant from that surface. 3. An
i nformati on storage nediumwth nlnfmnau
stor 4k P%§%ﬁ@@?kﬂﬁer§t?F?Q? e it gdr Tt hdt ﬁgformatlon
equal to or greater than three) , on which
storagéalﬁfﬁk@e(ﬁﬁéﬁie@ Wt Anainkager brat aBdequal to or
ch are stacked one upon the other, wherein
each of the n information storage |ayers has a
greafggt thent d1F6Re /f 6 dEE i Yy tHe PEcdFdiFhgr vith @
power of the |aser beam and wherein when
lasekNOse Branf;ef ARt L QN Stekagechayeics ane ocrnt ed
fromthe one that is | ocated nost distant from
the surface of the nedium on which the |aser
bERRTS | RGIeRT | th 2" PETY PRGOS 0687829° thgisgs has 4
is a bigger radial |ocation difference between
testt R@ikaNepnperbpherakb oM f dhe idwaldiene fer of the
the test wite zones of kth and (k+l) th
i nformati on storage |ayers (where k is an
laserppefer 2Hat satisfies 1 < k < n-2) and the
out er

wherein when those n information storage layers are
counted from the one that is leocated most distant from the
surface of the medium con 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)th information storage layers (where 1 is an
integer that satisfies 2=i=n-1) and the inner peripheral end
of the other outer test write =zone than between the outer
peripheral end of the inner one of the test write zones of
jth and (j+1)th information storage layers {(where J 1s an

integer that satisfies 1=29=i-1) and the inner peripheral end

of the other outer test write zone.
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peri pheral end of the other outer test wi
zone than between the inner peripheral ﬁCBWUMEMM7”
the inner one of the test wite zones of kt h
and (k+2) th information storage |ayers and
the outer peripheral end of the other outer
test Wi teraone.iof. stheagef aidEtinon-@ieiagey at least
nediun1of claim3, wherein n is four and k is
An |nfornat|on storage nediumwi th n
thre?n%%ﬁ?ﬁﬂﬁ?ﬂﬁn St rdGe 1FEFETs (where n is an
integer that is equal to or greater than
f QHEYeirON MAreh dat azcapiber widdien Wgkp abetween the
| aser beam and which are stacked one upon the
ot her, wherein each of the n informatjon
res?@?%?ﬁ@éfﬁﬁyéfétﬁaéo%?st%ﬁna\H@FFeOEOﬁgﬁFEPt information
deternmining the recordi ng power of the | aser
storR€aNM a gd; WheheizReWhehathoSel dbdrnfer MBti 8firface of the
storage | ayers are 113 PCT/JP2009/003782
counted fromthe one that is | ocated nost
medigis PaNtIEFEMa hesSurtete bt thetdfedi umidon Petween the
which the | aser beamis incident, there is a
respBLOORS E@gtajwﬂﬂ¥%atk@ﬁbé“'%Eergﬁﬁﬂhéietwﬁﬁﬁ‘ dfheadjacent
i nner peripheral end of the inner one of the
~ test wite zones of k'th and (k'+1)th ,
inforptloritatitonage ot ayrd dyiérits erfhéreatqd mogegpistant from
i nteger that satisfies 1 < k' G n-3) and the

thatOh£face.

3. 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 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 beam, and

wherein when those n information storage layers are
counted from the one that is located most distant from the

surface of the medium on which the laser beam is incident,
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peri pheral end of the other outer test wite

zone than between the inner peripheral end CGfF2009/003782
the inner one of the test wite zones of

(k"+1)th and (k'+3) th information storage

| ayers and the outer peripheral end of the

ot heerout er at asitgowrr treadizdnd.ocaridn idafoepatdOnNbetween
storage nediumwi th n information storage

l.ayers re IS an integer that is equal to .

the GRS e O Ertn T ) oo v ehotap s A pest veite
witten with a |aser beam and which are

zonest ackad" oned upom t*he i otherat ivhesebhagachapird heihere k
n information storage |ayers has a test wite

, zone for detern1n|n€ the recording pomer of the

is prsdPthEsm G whgrbinSfheh Those 474! and the outer
i nformati on storage |ayers are 114 PC

periphd PRZO0Q03482 trheountiesk f panrt hecerte thate i Sone than
| ocated nost distant fromthe surface of the
medi um on which the | aser beamis |ncident, the

betwpgRt i | TEFoRe TOP e 1T @ nb8E dittame of the test

informati on storage |layer is |located closer to

writkheoned esr edge anaf (khe) fredhesrdrannt Rabrafet Deyers and
nost distant information storage |ayer is, and

the test wite zone of the npst distant
the PHF%?rﬁﬁq%ﬂ?eral end of the other outer test write zone.

4. The information storage medium of ¢laim 3, wherein n

is four and k is one.

5. An information storage medium with n information
storage layers (where n 1is an integer that is equal to or
greater than four), on which 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 beam, and

wherein when those n information storage layers are
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storage layer is located closer to that outer
edge than that of the second nost distant PCT/F2009/003782
informati on storage |ayer is. 7. The
i nformati on storage nedium of claim6, wherein
n is four. 8 An information storage nedi um
counvkd h fAch NERE MaheOmhast @sagechayer Soé¢wheietdhd Sfrom the
an integer that is equal to or greater than
four n which data ¢an be witten with a
surfpgg pf t&@aﬁ‘?%ﬁﬂ“vﬁﬂ ¢high et st dEREE BFE" Ufon"EhEERL
ot her, wherein each of the n infornmation
storage layar $ik@sra radest Wokheigongitesrence between
determ ning the recordi ng power of the |aser
beam and 115 PCT/JP2009/ 003782 wherein when ,
the {RAgE ReFHthfdt iS6Y StortdGe *PaGEr SMar @F cofit gt write
fromthe one that is | ocated nost distant from
zonebhefr KU agey ofkt-he thedh tkpen ivhi Ghothge | 88RIrs  (where
beamis incident, the test wite zone of the
third nost distant informatiopn storage |ayer
kK djsg qrochit'@ged] deut o tisdisat er=ddge nof tawe the outer
medi um t han that of the second nost distant
peribRépiimathan st orage bawer bereANd e $€Ste zone than
wite zone of the second nost distant

informati on storage |layer is |located closer to
betw?ﬁ%ttQﬁH%%ner peripheral end of the inner cne of the test

write zones of (k' +1)™ and (k’+3)™ information storage layers
and the outer peripheral end of the other outer test write

zone.

©. 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 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 beam, and

wherein when those n information storage layers are
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edge than that of the fourth nost distant
information storage layer is. 9. An PCT/IP2009/003782
i nformati on storage nediumwi th n information
storage |layers (where n is an integer that is
equal to or greater than four), on which data
countafd Beomr théennw thaa hasebcabeamest ahéchtar@om the
st acked one upon the other, wherein each of the
n information, storage, | ayers has test wit
surf3gRelt oPedBERH Mt i fid” Fee dPdrhgP Fdher SPetfRnt,
| aser beam and wherein when those n
| pher makkon stofagezdayersrs arehe 116nird most distant
PCT/ JP2009/ 003782 counted fromthe one that is
, | ocated nost distant fromthe surface of the
1nfoppat i GYORRPEIFE 1Hds ePCRESM T 9% citdent'® ¢Her ©doe
test wite zone of the third nost distant
of +id OREBLLAN tShAr agesd ayer dne | Reat edietoser ihGornation
the outer edge of the mediumthan that of the
nost distant information storage |ayer is, and
storpfe +6t” Wi t@"%one of the nost distant
information storage layer is |located closer to
that ouker .gdge than that c1of hbe fausthOShrormation
di stant information storage |ayer is. 10. An

informati on storage mediumw th n information
storage layer is located closer to that outer edge than that

of the second most distant information storage layer is.

7. The information storage medium of c¢laim 6, wherein n

is four.

8. An information storage medium with n information
storage lavers (where n is an integer that is equal to or
greater than four), on which data can be written with a laser
beam and which are stacked cne 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
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storage | ayers (where n is an integer that

equal to or greater than three), on whi ch IG&{z009/003782

can be witten with a |aser beam and which are

stacked one upon the other, wherein each of the

n information storage |ayers has a test wite

zoneré Dt dekar nivdag hheirecondisg povesiqgof ikhers are

| aser beam the test mwite zones bei ng arranged

at tual | di fferent %P cations, and
Counﬁﬁ%?gmmeﬁgﬁ 8ard 'kt lﬁ/r éaE% effi3s grstant from the

plurality of sub-areas, and 117
surfREd/ JP20094H083 %8 2n wherri thaeRethosen s incident,

i nformati on storage |ayers are counted fromthe

one that is | ocated nost distant fromthe

stiPfacesdf tHe'fedi (%N Whi ch™t he P aghr Hedm distant

is incident, an ith information storage |ayer
infotMierd istbeadl BMRYT iBunBestidatlsatd shi ese 2oter edge

I < n) is scanned with the | aser beam toward

the i nner edge of the nmedi um but the sub-areas ==
of  &fejtBedi@Rt Wit e Fhite &% UdEd £6GARY tRest distant

outer edge of the nedium and an (i-1)th
infolfdOIdMieRast OT-AQe ligyesnd s scanned with the

| aser beam toward the outer edge of the nedi um

but the sub- areas of its test wite zone are
uSed t oWl d THES nféPcedfé ofhe second most distant

infermaticn storage layer is located closer to that outer
edge than that of the fourth most distant informaticn storage

layer is.

9. An information storage medium with n information
storage layers (where n 1s an integer that 1is equal tc or
greater than four), on which 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 beam, and

wherein when those n information storage layers are

11e



the medium 11. An information readi ng device
for performng a read operation on the PCT/IP2009/003782
i nformati on storage nedium of one of clainms 1
to 10, wherein the information storage nmedi um
has a control area in at least one of the n
counitBBOFmahi @heSbaecaghatayer Sochhed enbst attlstant from the
wherein the device perforns at Ieast one of the
18 / JP2009/.003782 retri.eving,
sur e oS el FORCROGUE T RE. PR D rleio6h BE0H age | Peident,
medi um fromthe control area; and readi ng data
t hat hassbeepriféttesnhon any ofet hhird most distant
infornmation storage layers with recording pomer
t hat, has been ulateq_mnth the test wj
lnfoﬂ'%ﬁ%l?ﬂ SttﬁétagFa%\?e.r 1% 1RA*FRT or it o ﬁowFPﬁ figter edge
device for performng a wite operation on the
of tHé orEaLiaN tker ageadiediunef ene: obietahtd ihformation
to 10, wherein the device determ nes the
recordi ng . power of the |aser beam using the
storpgdet1iSt é%zof&? of one of the n information
storage | ayers, and
the test write zone of the most distant information

storage layer is located closer To that cuter edge than that

of the fourth most distant information storage layer is.

10. An information storage medium with n information
storage layers (where n 1is 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,

whaerein each of the n information siorage layers has a
test write =zone for determining the recording power of the
laser beam, the test write =zones being arranged at mutually
different radial locations, and

wherein each said test write zone has a plurality of

sub-areas, and
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wherein the device wites data on that |ayer gg
irradiating the nediumw th the |aser beam {HAF00%003782
has had its recording power determ ned. 13. A
readi ng method for perform ng a read operation
on the information storage nmedi um of one of
ckaemsid twieldO, thodrer ei nidfhermanfion mattioenge layers are
storage nedium has a control 119
PCT/ JP2009/ 003782 ., area in at | east one.of the

comm S PRt an “ror Bgb 1 8yare > EHeTRar Shpgt from che
wherein the nethod conprises at | east one of

surfthe st eps: mefiium edrr vt chgthaflerseat bedn abouhct bent,
informati on storage nediumfromthe contro
area;..and reading data that has been witten on
2R0 Of ¢ RBREMHES: i eH s GrAge MAyePs with =r even
recordi ng power that has been regulated with

numbthethest sawidra czones pE dyhats lsayehed IdthAthe laser beam
witing nethod for witing data on the

i nformati on e%}ora e diumof one of clains 1
cowagd 47 e H9En & I PROBC b Yos ¥he'Brapes of its
of : determ ning the recordi ng power of the
test| asete heam Wskengsed heowast twel beczoneif oInehefmedium,
the n information storage
and
an (i-1)" information storage layer is scanned with the
laser beam toward tThe outer edge of the medium but the sub-

areas cof its test write zone are used toward the inner edge of

the medium.

17, An information reading device for performing a read
cperation on the information storage medium of one of claims 1
to 10,

wherein the information storage medium has a control
area in at least cne of the n information storage layers
thereof, and

wherein the device performs at least one of Lhe steps

118



| ayers; and witing data on that |ayer by
irradiating the nediumwith the |aser bea
that has had its recordi ng power determn ned.
120
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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 layer.

12. An information writing device for performing a write
cperation on the informaticn storage medium of one of claims 1
to 10G,

wherein the device determines the recording power of the
laser beam using the test write zone of one of the n
informaticn storage layers, and

wherein the device writes data on that layer by
irradiating the medium with the laser beam that has had its

recording power determined.

13. A reading method for performing a read operation on
the infermaticn storage medium of one of claims 1 to 10,

wherein the information storage medium has a control
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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 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 layer.

4. A writing method for writing data on the information

storage medium of one of claims 1 to 1G,

wherein the method comprises the steps of:

determining the recording power of the laser beam using

the test write =zone of one of the n information storage

layers; and

writing data on that layer by irradiating the medium with

the iaser beam that has had its recording power determined.

120



