DESCRIPTION INFORMATION RECORDING MEDIUM, REPRODUCING DEVICE AND
REPRODUCING METHOD TECHNICAL FIELD [0001]The present invention relates to a multilayer
recording medium with a number of recording layers and also relates to an apparatus and method for
performing a read operation on such a multilayer recording medium, BACKGROUND ART [0002]To
increase the storage capacities of optical discs, the size of a light beam spot to be condensed by an
objective lens provided for an optical head has been decreased year after year by increasing the NA
(numerical aperture) of the objective lens and shortening the wavelength ? of the light emitted from a
light source. Meanwhile, to further increase thg storage-capacities of optical disc media, a multilayer
recording medium with multiple recording layers has also been proposed just lately.

INFORMATION RECORDING MEDIUM,

REPRODUCING DEVICE AND REPRODUCING METHOD

TECHNICAL FIELD

10003 The present invention relates to a multilayer

recording medium with a number of recording layers and also

relates to an apparstus and method for performing a read

operation on such a multilayer recording medium.
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00027 To increase the storage capacities of optical discs,
the size of a light beam spot to bz condensed by an oblective
lens provided for an optical head has been decreased year
after vear by increasing the NA (numerical aperturs) of the

objective lens and shortening the wavelength » of the light
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emitted from a light source. Meanwhile, to further inc:
the storage capacities of optical disc media, a multilaver
recording medlium with multiple recording lavers has also been

"propcosed just lately,



[0003]In a conventional multilayer recording medium, a number of spacers with mutually different
thicknesses are alternately stacked between its multiple recording layers, thereby minimizing a
multiple reflection (see Patent Document No. 1, for example). FIG. 2 illustrates a conventional
multilayer recording medium as disclosed in Patent Document No. I. [0004]in the multilayer recording
medium shown in FIG. 2, eight information recording layers LO, Li, ... and L7 are stacked in this order
one upon the other so that the LO layer is located most distant from the scanner (i.e., optical pickup)
that the L7 layer is located closet to the pickup, and seven spacersthicknesses tO through t6 are

+ 407

(00033 In a conventional multilaver recording medium, a
number of spacers with mutuslly different thicknesses are
alternately stacked between itz multiple recording lavyers,
thereby minimizing a multiple reflection {see Patent Document
No. 1, for example;). FIG. 2 1lllustrates a conventional

multilayer recording medium as disclosed in Patent DCocument

Mo, 1
[0004) In the multilayer recording medium shown in FIG. 2,
eight information recording laysrs L0, L1, . and L7 are

stacked 1n this order one upon the other so that the L0 laysr

is  located most distant from the scanner (i.e,, optical

pickup) and that the L7 layver 1s located closet to the pickup,

and seven spacers with thicknesses €0 through €6 are

interposed bestwesen thoss infeormation recording layers. Also,

to make the intensity reflectances R{n+2) and R{n+3) of the

respective reflective films ©f Li{n+2) and Lin+3) layers, which

are Llocated shallower than an Li{n) layer, satisfy

R{n+2}xR{n+3) <L.01,

the inequality t1>%0>t3=tb>L2=t4=16 needs to be met. That

s why settings can be made so that té=td4=tZ and ©h=t3, and
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interposed between those information recording layers. Also, to make the intensity reflectances R(n+2)
and R(n+3) of the respective reflective films of 1,(n+2) and 14(n+3) layers, which are located shallower
than an L(n) layer, satisfy R(n+2))<P(3) <0.01, the inequality tI>tO>t3t5>t2t4t6 needs to be met. That
why settings can be made so that t6==t4==t2 and t5==t3, and therefore, the number of
different kinds of spacers to provide to reduce the multiple reflection can be reduced from seven to
four. [0005]On the other hand, when such a conventional multilayer recording medium is scanned, the
deepest layer (i.e., the layer farthest away from the optical pickup) and the shallowest layer (i.e.,
the layer closgst f the optical pickup) will ranstit.the-inpoming laserheam-at mutsally different
transmittances, thus making the best readout powers on the respective recording layers different from

each other in_somedcasestgsee Patent Document No. 2). CITATION LIST
TO regduce

e multiple refliection Tan be reduced Irom seven to
four.

[0005] On the other hand, when such 2 conventional
multilayer vrecording medium i1s scanned, the deepest layer
(i.e., the layer farthest away from the optical pickup) and
the shallowest layer (i.e., the layer closest to the optical
pickup) will transmit the incoming laser beam at mutually
different transmiittances, thus making the best readoul powers

on the respective recording lavers different from sach other

in some casss [(see Patent Documsnt No. 2.
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PATENT LITERATURE [0006] Patent Document No. 1: Japanese Patent Application Laid-Open
Publication No. 2006-40456 Patent Document No. 2: Japanese Patent Application Laid-Open
Publication No. 2005-122862 SUMMARY OF INVENTION TECHNICAL PROBLEM
[0007]Considering the properties of the respective recording layers, if infoRation was read from any of
those

SUMMBRRY OF INVENTION

TECHNICAL PROBLEM

(00071 Considering the properties of the respective
recording lavers, if informaticn was read from any of those
recording layers with more than predetermined readout power,
the data stored there might dsteriorate, That 41s why the
readout power should be at most egual to the predeterminsd
readout power. However, Iin a situation where ths storagse
capacity per disg were increased by simply incrgasing the
number of recording layvers stacked, the more distant Zfreom the
s?anner a given recording layver is, the ¢reater the number of
recording layers stacked under llself, Thus, the rsad
operation on such a distant layer should be carried out with
light that has already gone threough a lot of recording layers.
For example, 1n a multilayer optical disc in which LO, L1 ,.
and L7 layers are stacked one upon the other in this order,
the reflectance TR(LC) of the deepest cone (L0 layer) of those
layers stacked is given by the following Equation (1):

TR(LO) =ROXTI*xT2%xT32x T4 xT5*xT6 % T 77 (1)

where TO through T7 represent the transmittances of the



recording layers with more than predetermined readout power, the data storede might deteriorate.That
is why the readout power should be at most equal to the predetermined readout power.However, in a
situation where the storage capacity per disc were increased by simply increasing the number
ofcording layers stacked, the more distant from the scanner a given recording layer is, the greater the
number of recording layers stacked under itself.Thus, the read operation on such a distant layer
should be carried out with light that has already gone through a lot of recording lavers. For example, in
a multilayer optical disc in h ch LO, LI

respective layers and RO through R7 represent thelr own
reflectances.

[(0008) Az can be seen from  this EBguation (1), the
reflectance of the L0 layer 1s obtained by multiplyving
together the sguares of the respeciive transmittances of ths
obher shallower layers. Elso, supposing the reflectances RO
thrqugh R7 of the rescording layers ithemselves are constant,

the deeper a given recording layer, the lower the reflectarnce

of that layer L0, L1, . or L7. If the reflsctance of a given
recording  layer decreased, the intensity of the light

returning from that layer to the photodetecicr would decrease,
thus also decreasing the SNR and making it more difficulit to
g2t a read operatlion dons as intended. Thus, o overcome such
& problem, according  te & comvgntional approach, the

reflectances of the ers stacked are increased

B
@
o
he:
o
0
s
E_K
<
@
E._
o
w3

with the depth of that laver {i.s., the deepest one of the

recording layers has a higher reflectance than any other

recording layer) so that the incoming light is reflected

substantially uniformly by those layers stacked. If a given

optical disc has just two layers, then the optical structure



and L7 layers are stacked one upon the other in this order, the reflectance TR(LO) of the deepest one
(LO layer) of those layers stacked is given by the following Equation (1): TR(LO)
rrROXT12xT22xT32,T42xT52(1) where TO through T7 represent the transmittances of respective
layers and RO through R7 represent their own reflectances. [0008]As can be seen from this Equation
(1), the reflectance of the LO layer is obtained by multiplying together the squares of the respective
transmittances of the other owe__ layers Also, supposing the reflectances RO through R7 of the
recording layers themselves are constant, the deeper a given recording layer, the lower the reflectance
of that layer LO, Li, or Lg{ If the reflectance of a Igei\{/ien éggqrdir%ghla%eg [ ecreagtrald@c}eeinlgggsity of
returning front that layer to fhe“%ﬁo?oede%ggﬁ)"r%ould Jécreade thus alss decreasing the SNR and
making it more difficult to get a read operation done as intended. Thus, to overcome such a Problem,
according to &cbhventibAarapprodetit the refletiarites 6f theYezpetive |dyerssstaékdd &fe increased
with the depth of that layer (i.e., the deepest one of the recording layers has a reflectance than any
other layers, howsver, 1t 1s more and more often necessary to

increase the transmittance of a shallow layer and decreszse the
reflectance of a deep laver, thus making it increasingly
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icult to arrangs the respective recording layers as
intended. Such a problem 1s particularly nocticeable on a
rewritable optical disc, in which it is difficult to ensurs a
good SNR for its recording film. In scanning such an optical

disc with low reflectance, the 3MR could be increased by

raising the readout power during a read operation and

.

increasing the intensity of the light returning from eac

s

recording layer. However, the lower the vreflectance of a

given recording laver 1s, the more and mors often the

ot

following problem will arise if the reasdout powsr is increased
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ansure sufficient BSKR. As a vresult, accerding to a
conventional technigue, it has been actually difficult o
ensure a sufficiently good SNR just by increasing the readout
DOWEr .

1

[(0CGY] For example, 1in an opiical disc consisting of eight



recording layer) so thatoming hgected substantially uniformly by those layers stacked. if a given optical
disc has just two layers, then the optical structure Of that disc can be determined easily by striking an
adequate balance between them. In an optical disc with three or more layers, however, it is more and
more often necessary to increase the transmittance of a shallow layer and decrease the reflectance of
a deep increasingly difficult to arrange the respective recording layers as intended. Such a problem is
particularly noticeable on a rewritable optical disc, in which it is difficult to ensure a good SNR for its
recording film. In scanning such an optical disc with low reflectance, the SNR could be increased by
raising readout bower during a read operation angd.jncreasing the infensity of.the ligh returning from
eac recording %%/%rr?%%vek/%?fhse oé)ve%%ﬁgﬁgﬂeg’éhcgehgf a%i‘i‘?/%ﬁ r%c(%%rgéinéJ Ta)}%}elqs ,ltjh%Hrhore and
more often the following problem will arise if the readout power is increased to ensure sufficient SNR.
As a result, atE8fding ¥ & edhveritivhal-techiifie, i6has beehcadtbally iffiét tooehstiré a sufficiently
good SNR just by increasing the readout power. [00091For example, in an optical disc consisting of
eight recordinglayers.L @:through L7, the power P(LO) of the light that irradiates the LO layer is
represented by the following Equation (2): P(LO)=PwxXTIXT2XT3XT4XT5XT6XT7(2)

PULO) =PwnTlxT2xT3IxT4dxTExToxT7 {

B

where Pw represents the readout power ©f a laser beam that has
bheen radisted from an optical pilckup and incident on the
optical disc.

[0cLo] As can be sesn from this Egquation (2}, the power of
the light that lrradiates a deep layer 1=z obtained by
multiplylng together the respective transmittances T of the
other shallower layers and the readout power Pw. T is smaller

than one. That is why the deeper a glven recording layer, the
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lower the powey of light that irradiates that layer during
a read operation, which means that the deeper the given
recording  lavery, the less likely the stored data will
detericrate even when ilrradisted with readoutr radiation.
Conseguently, theoretically speaking, the deeper the given
recording laysr, the higher the readout powsr can be. it
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should be beneflcizal in terms of SNR to increase the readout
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rt

power according to the depth of a glven recording layer in



where Pw represents the readout power of a laser beam that has been radiated from an optical pickup
and incident on the optical disc. [00101As can be seen from this Equation (2), the power of thethat
irradiatestaidsdp faser isobtairdd By seultplyidgioheties the aospeclive HapBNIRATeESiNSf the other
shallower layers and the readout power Pw. T is smaller than one. That is why the deeper a given
recordinglayer thetlowvel thee pokdeofthé lightaat fradohmes thHat |8 ddriftPRYEa8BpeFation, which
Means that the deeper the given recording layer the less likely the stored data will deteriorate even
when irrabliat@drathireadddt radidtfort Coriseadently REweetikll spedking NRESREer e given
recording layer, the higher the readout power can be,It should be beneficialterms of SNR to increase
the readdBEBERRr AccERaifg e BeSiFof afgiviaPrbcBRRHG ay irf anmaRTaRkobicRdisc in
which the deeper a given recording layer, the lower the reflectance tends to be as represented by
Equation ¢BL FiRE reddoFeieAeT iR5iMPRANEr<3ReR 1o 2Ystrd'a Yoddteitighr3NRR &lfddd operation
can certainly be carried out safely on such a deep layer without deteriorating the data stored there.
However G staforiRERSthe RehErol opBritielasst stabilfy didirthtSmpadsispliéd-externally to
the optical disc drive or the presence of a scratch on the _given disc, the incoming light could strike on
another ISR By ThisGRETRELA uhRRENtRREPRYEFYoIGT jurth &itfid REBFST). IRRRALESse, the data
stored in that wrong layer could deteriorate, For that reason, it is usyally difficult to perform a read

operationSAitF ol holet infdhéastfsothith St Enstite & YBoPERSTRTSNRE 2

scratch on the given disc, the incoming light could strike on

another layer by mistake (i.e., an unintentional layer-to-
layer jump could happen). In that case, the data stored in
that wrong layer could deteriorate. For that reason, it is

usually difficult to perform a read operation with the
readout power increased so much as to ensure a good enough
SNR.

[0011] Embodiments of the present invention provide a
multilayer information recording medium in which even if such
an unintenticnal layer-to-layer jump has happened, the data
stored 1in that recording layer that has been reached by
mistake never deteriorates. Embodiments of the present

invention provide an optical disc drive that



[0011]Embodiments of the present invention provide a multilayer information recording medium in
which even if such an unintentional layer-to-layer jump has happened, the data stored in that recording
layer thatdeas beenfreavhel byanidtakpeievet datefidrafsCEmdodithehid 8t e prederitddvention
provide an optical disc drive that 8 can perform a read operation on such a multilayer optical disc with
a good eddugh SNFhaad aradoriervairatdFs @Y TRONET OPREBIEM T6¢-ELa]In a first aspect of the
present invention, there is provided an information recording medium comprising: at least three
information recording layers, and a base provided between the recording layers, wherein the thickness

(D) of the base between the recording layers satisfies a following condition:
SOLUTION TO PROBLEM

[0011a] In a first aspect of the present invention, there
is provided an information recording medium comprising: at
least three information recording layers, and a base provided
between the recording layers, wherein the thickness (D) of
the base between the recording layers satisfies a following
condition:

100 X Pw(n) / Pw(n+a)Z —0.1238 X D*—2.772XD+106.56, where Pw(n)=Pw(n+a),
Pw(n) 1is a readout power of a laser beam in reading
information from an n"® one L(n) of the information
recording layers, which are counted gsequentially from one
of the inforﬁation recording layers that is located most
distant from the data gide of the information recording
medium, Pwi{n+a) 1is a readout power of a laser beam in

)¥8 one Lin+a) of the

reading information from an (n+a
information recording layers, n is an integer that is equal

to or greater than zero, and a is an integer that satisfies

n+a = 0 and a#0.



100><Pw(n)/ Pw(n+a)-?=-0.1238xD2-2.772><D+106.56, where Pw(n)Pw(n+a), Pw(n) is a readout
power of a laser beam in reading information from an nth one L(n) of the information recording layers,
which are{@durntéed sequentially froomdne s ¢lae infdinidtionpeeseliry yeenthbets lotatedemost distant
from the data side of the information recording medium, Pw(n+a) is a readout power of a laser beam in
reading infermaticrvfigmdan @n+aythtdnsll (nBa) of teadiarenation ferordinglayefs;omis amrinteger that
is equal to or greater than zero, and a is an integer that satisfies n+a 0 and a*O. [0011b]in a second
aspect of e prasent dnventienothdiads provitiedra meshad for ¥eading tinfofmatidn fromrasinformation
recording medium comprising at least three information recording layers and a base formed between
the recording dayers ithle nrsthoddontprisiigethe seaps o rdgding itemestiokr$onedie infeemation
recording layer L(n) of the information recording layers, which is counted sequentially from one of the
informatiorereedrding |dyers vat ishscated rnsstemstant Romatheltats sRiSofhe infoRMaNen recording
medium, by irradiating on the information recording layer L(n) a laser beam having a readout power
Pw(n), anEryEagmrtinfstmbtion flons tHeFreThTdtiorireEB RIMG fay@r LEvr) oF tme infdriadtn recording
layers by irradiating on the information recording layer L(n+a) a laser beam having a readout power
Pw(n+a), WHEPETHE Fl @llo ISR thickifess (D)'6FtRE baSe FEIWEerthE PSRBTRINEAAYET L(n) and
layer L(n+a), and the read out power Pw(n) and Pw(n+a) satisfies the following conditions: 100XPw(n)
| Pw(n+a)5%.0on0. 2288 R0 2 7 AT TG 58 a k@ BRSPSy, whére n'is aPrtd§st that is
equal to or greater than zero, and a is anintegerthat satisfies n+a 0 and a#0. [0011c]In a third aspect
of the pre¥@REiNFERiGH B8 pFStid S5 apparatas forPEadifg FBRHARSN FBRPAAMBrmation
recording medium comprising at least three information recording layers and a pbase formed between
the recordifigiayers, Me apbardie chthriSRg: st RERSHAS YRR dinG FEHA S on HoM an
information recording layer L(n) of the information recording layers, which is counted sequentially from
one of the-iMfarnfatidf Feoringlayérd 1At i§ I0catstP HosPaigtnt F8ifithe $1S siRAGHHE
information recording medium, by irradiating on the information recording layer L(n) a |aser. beam
having a rEAGORFBOWER P "arid™s secbir SRR or ATt o RRbriaYsH rom1AE hnfSHmation
recording layer L(n+a) of the information recording layers b%irradiatin on the informatiQn recording
layer L(n+2)% 1a58F BEIRM Hing Eer(éaﬁéﬂlp ﬁowg%ﬁ%fﬁm), %he?’é"iﬁ?%gt%ﬁl Betwéen % ickness (D)
of the base hetween the recording layer L(n) and layer L(n+a), and the read out power Pw(n) and
PW(n+a) Slg%ISﬁggn Q&P&DVT\?I%E%%%JG% nlsl:gyer @¥n+a§ =1 ?Laser %eam IQava.ng g

readout power Pwi{n+a}, wherein, relation between a thickness
(D) ©f the bage between the recording layer L(n) and layver
Li{n+a), and the read out power Pw(n) and Pw(n+a) satisfies
the following conditions:

100%Pw(n) / Pw(n+a)z—0.1238xD?~2.772XD+106.56, and Pw(n)<Pw(n+a),
where n is an integer that is equal to or greater than zero, and a is an integer that

satisfies n+a = 0 and a=:0.
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looxPw(n)/ Pw(n+a)=>-0.1238X02 -2.772><D-1-106.56, and Pw(n).Pw(n+a), where n is an integer
that is equal to or greater than zero, and a is an integer that satisfies n+a ?_0 and a 0. 9b [0011d]In a
fourth asdéct o tie preSentinvintivh, diseeds pedvidétka metlsedibf makieigtaremforifaaiva recording
medium with k information recording layers (where k is an integer that is equal to or greater than
three), theé snethodrddgrising thestepstofsfofning trrakiermatée racordivng |a6es) frah which
information is retrievable using a laser beam with a wavelength of 400 nm to 410 nm through an
objective ievfzowith bimimedsal epéitnge ohe@4un 0.88MmTa Sibstrat@tvith §aRiEknésyréel.1 mm;
forming (k-1) spacer layers between the information recording layers; and forming a protective coating
with a thiékHessist ol Pmny o sd isttthé ke bAe 8ftheanfomdtioAEBESAiNgaAYe” astettinted from
the substrate, wherein the step of forming information recording layers includes: making either
concentric @t @piangacks triréne sHvoRBEYS bRtheTRTEPINEEBR I cOrdiRgT&erS BTat EP8 either
odd-numbered or even-numbered as counted from the substrate so that the laser beam scans that
group of ifsTnisEidf FeCordmbaayersirim 5brTe Giter BRI EBR ohtRETBAAaté Recording
medium toward the inner edge thereof; and making either concentric or spiral tracks on the other
group of t&c fforkRftiod rECITaRME IS ers SRakstdthdrPREnuiBered of DdaFHRTSted so that
the laser beam scans that group of information recording layers from some inner radial location on the
informaticif FtRdihE Tedid Wl Ehe Suterttigd BrétEBR Ghathe BTrAESEID) G ESace layer
between the recording layers satisfies the _following condition: 100XPw(n) /
Pw(n+a)--té?§’2_383(f)29%’77f‘2§@+1@§%%, HEEI W (NEBRh+ 5 P g a FedtfoutHowsF6f a laser
beam in reading information from an nth one L(n) of the information recording layers, whjch are
counted setiRhBa -F8m oh& TPHTE iformBEo r8tordiffy layerStREE fddkted MBst didtint from the
data side of the information recording medium, Pw n+<¥ is a readout power of g laser beam in reading

informatigfroiarT Rt SRET TS of tiéShtormation rRcording Tayets 2 is ARYntdger that is equal

. . i o
to or grea%%ratggﬂtz er%b%rédra I%‘javl?llzr)lt’egeélt}fgjat Saa tISfSI%Scpm Os%rg:% Je.lgg for reading

information from the information recording layer L(n+a) of
the information recording layers by ilrradiating on the
information recording laver L{n+a) a laser beam having a
readout power Pw{n+a), wherein, relation between a
thickness (D) of the base between the recording layer L{n)
and layer L{(n+a), and the read out power Pw(n) and Pwi{n+a)

satigfies the following conditions:
100 X Pw(n) / Pw{n+a)z —0.1238 X D?*—2.772 X D+ 106.56, and Pw(n)=Pw(n+a),

where n is an integer that is equal io or greater than zero, and a is an integer that

satisfies ntaz 0 and a +#0.
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[0012]Disclosed herein is a multilayer information recording medium including a number of information
recording layers on which information is stored. At least one of those information recording layers uses
different readoutipowerto read ifformdtiorsthaadhie ottfer infoemativaseodrding:iagers.And a base
thickness between each pair of adjacent ones of the information recording layers is equal to or greater
than a predheteeminged thickaessd§eD13in onetreferrezfembeditrent, the base flrickrdssos a thickness
at which the intensity of light decreases to a predefined degree or more due to aberration.
[0014]Disctoseddierginis dninform atiorkrecofdinmgatadiom ieciadid gy lebsy three infbemgtion
recording layers. If the readout power of a laser beam in reading information from an nth one L(n)
(where nks are9eann integer that is equal to or greater than three),

the method comprising the steps of: forming the k

informaticn vrecording layers, £from which information 1is

retrievable using a laser beam with a wavelength of 400 nm

to 410 nm through an objective lens with a numerical

aperture of 0.84 to 0.86, on a substrate with a thickness

of 1.1 wmm; forming (k-1) spacer layers Dbetween the

information recording lavers; and forming a protective

coating with a thickness of 0.1 mm or less on the kth one

of the information recording layers as counted from the

substrate, wherein the step of forming information

recording layers includes: making either concentric ox

spiral tracks on one of two groups of the information

recording layersg that are either odd-numbered or even-

numbered asg counted from the substrate so that the laser

beam scans that group of information recording layers from

some outer radial location on the information zrecording

medium toward the inner edge thereof; and making either

concentric or spiral tracks on the other group of the

9c¢



integer that is equal to or greater than zero) of the information recording layers, which are counted
sequentially from one of the information recording layers that is located most distant from the data side
of the infarmfationaretordingemedidinmgs ideptified hhPw (g randef tHecreadogtrpowersfthe laser beam
in reading information from an (n+a)th one L(n+a) of the information recording layers is identified by
Pw(n+a) fwherdd-isankiategdr that satisfiese-alz8aandizd), theagasbasbahicknsssbetween each
pair of adjacent ones of the information recording layers is determined so that the intensity of the light
when the imfbomation secordieg fay@k hin+a) svirndiatefinith a keeebeatmhaving thideadout power
Pw(n) becomes equal to or lower than that of the light when the information recording layer L(n+a) is
irradiated itz & iaser beanthavingtife readoepovrerRy Y. [00a8iUBcldsedsieteirtkean
information recording medium including at least three information recording layers. If the readout
power of au&ser bedgtinteadirginforngtichRorhlbicimaste L(R) (wWheré n $9aR mtégeiehat is equal
to or greater than zero) of the information recording layers, which are counted sequentially from one
of the infdrafationTrecdrling |aRRSTHINS locARYGHBst disthitfdmIhe 8@ sidedhBiABrmation
recording medium, is identified by Pw(n), and if the readout power of the laser beam in reading

informatioreirdrtarpre+a) i eneivia) oPwe IEMRiIGASEEH TS T Ot 186fiedbgrew(n+a)
(where a is an integer that satisfies and a#0), and if the base thickness between the infoation
recordingRayeys B@naal L(Bwdis identified:1meBothien tevEformition réssetingaediuirsatisfies
reading information £rom an n*® one L(n) of the information
recording layers, which are counted sequentially from one
of the information recording layers that 1s located most
distant from the data side of the information recording
medium, Pw{n+a) is a readout power of a laser beam in
reading information from an (n+a)*™® one L{(n+a) of the
information recording layers, n 1s an integer that is equal
to or greater than zero, and a is an integer that satisfies
n+az 0 and a#0.
[0012] Disclocsed herein ig a multilayer information
recording medium including a number of information recording

layers on which information is stored. At least one of those

information recording layers uses

ed



100xPw(n)/Pw(n+a)=>=-0.1238xD2-2.772xD-1-106.56, and Pw(n)-.5."Pw(n+a). [0016]Disclosed
herein is a method for reading information from the information recording medium described above.
The methdilfificluees thesstdps of freagiatingrthe dsdrmatiorrrezoiding lRyenl (Rt Biaser beam
having the readout power Pw(n) in reading information from the information recording layer L(n); and
irradiating. thimfermationrecomting: tayde v 1) withrallaserzasen haviagues sedeuvpoWwer Pw(n+a)
in reading infoimation from the information recording layer L(n+a). [0017]Disclosed herein is an
apparatus fortreapirigriinfofmatidr #oamnthe @ifesmatién reberding hremiainidescriiRePAGVE The

apparatus includes an irradiating section for irradiating the information recording medium with a laser
layers 1s equal to or greater than a predetermined

thickness.

[0013] In one preferred embodiment, the base thickness is
a thickness at which the intensity of light decreases to a
predefined degree or more due to aberration.

[0014] Disclosed herein is an information recording
medium including at least three information recording layers.
If the readout power of a laser beam in reading informaticn

from an n'® one L{n) ({(where n is an

Se



beam.The irradiating section irradiates the information recording layer L(n) with a laser beam having
the readout power Pw(n) in reading information from the information recording layer L(n). The
irradiatingi seectiperirradistes the infoymmationtrecordingdayertigh+al vith a f£5ep beani hduisy the
readout power Pw(n+a) in reading information from the information recording layer L(n+a).
[0018]Distivtetritréins aanetitbchgl makingan inforrtatien eecordingadedieaiwith kahfdrmation
recording layers (where k is an integer that is equal to or greater than three). The method includes the
steps of: forgringtie keibfdrheation Tecwrlingrayses diota nehidrrirfarindiionts ietriéeasieading a laser
beam with a wavelength of 400 nm to 12 410 nm through an objective lens with a numerical aperture
of 0.64 to®86, chi & Substrifecs tHidkneda ot 1SH At Sbrring (K SpaREi Ry e e eifEEtthe
information recording layers; and forming a protective coating with a thickness of 0.1 mm or less on

the kth orieesfitha infomaisiccdbiaR g Ry ePs 48 coudted fiom HResUBRdRa tTHRCSEE oPforming

informationrecordinglayersincludes:makingeither concentric spiral tracks on one of two groups of the
informatidicoraffjlayetdthat Bre ksiet Ba d-hirPereéd sPBvehtAlimRdted & BdunteeFom the
substrate so that the laser beam scans that group of information recording lavers from some outer

radial locatiGhrén trefinfoffmatior FECEHaH M EGERT OWTd 1Re firer ddge-fHerédft R nfking either

concentric or spiral tracks on the other group of the information recording layers that are either

even-nunitsefed al oddihaimered 58 thait théTheadR Scarsahat Hrddis bi rformatids fecGiihg layers

from some inner radial location on the information
a#0), then a base thickness between each pair of adjacent
ones of the information recording layerg i1s determined so
that the intensity of the light when the information
recording layer L{n+a) is irradiated with a laser beam having
the readout power Pw(n) becomes equal to or lower than that
of the light when the information recording layer L(n+a) is
irradiated with a laser beam having the readout power
Pw(n+a) . |
[0015] Disclosed herein 1s an information recording
medium including at least three information recording layers.
If the readout power of a laser beam in reading information

from an n*® one L(n) (where n is an integer that is equal to

or greater than zero) of the

10



recording medium toward the outer edge thereof.If the readout power of the laser beamreading
information from an one(where n is an integer that is equal to Or greater than zero) of the information
recordingiayerspahictnaressoemdechgeduentially frehniohe ef-thednfonmediors espmdintelayers that is
located most distant from the data side of the information recording medium, is identified by 21.7(n),
and if the feadoutrpowet of tite lasEobeaniiorreagingdfonmalierfmomn ahdh+dh dnedinda) of the
information recording layers, which are counted sequentially from the most distant information
recordingnayér frbire tha dafarsitle Withalmfernatida re€ordiry medrmsais identifieddsdPwgn.-1-a)
(where a is an integer that satisfies ni-a.)Z0 and atAG), and if the base thickness between the
informatiorerdtonding fayefsdyafand L aFwstidentifiatbyiD, thed theadorhatisvaicording medium
satisfies 100K2w(n)/Pw(n+a)-0.1238xD2-2.772xD+106.56, and Pw (n)(n+a) ADVANTAGEOUS
EFFECTSIOF INVENTIORAD0 10)ACcerdlAg o thafreseritinveniionall @t théteaordingTi/ers have

respectively different best readout powers or only some of the recording lavers have a different
L{n+a) of the information recording layvers is identified by

Pw{n+a) (where a 1s an integer that satisfies n-+aZ0 and

a#0), and if the base thickness betwesen the information
recording layers L{n) and L(n+a) is identified by D, then the

information recording medium satisfies
100xPw (n) /Pw{n+a) =-0.1238xD°—2.772xD+106.56, and
Pw(n) SPw(n+a) .
[0016] Disclosed Therein ig a method for reading
information from the information recording medium described
above. The method includes the steps of: irradiating the
information recording layer L{n} with a laser beam having the
readout power Pw(n) in reading information from the
information - recording layer Lin); and irradiating the
information recording layer L(n+a) with a laser beam having

the readout p'ower Pw{n+a) in reading

11



readout power from the others, and the base thickness between the respective recording layers is
equal to or greater than a predetermined thickness. Thus, by adopting the arrangement of the present
invention ithEceas butpowersdfortise iedimotivs ferordanrhagersgcdrpeddidmmiaed so as not to
deteriorate or erase stored data by mistake even if an unintentional layerto-layer jump has happened.
BRIEF DESCRIPTIONIDE ORASWINGIS2f6020] 1sFIGN illappatestasexdaplary sgddtge for a
recording medium as a specific preferred embodiment of the present invention. FIG. 2 illustrates an
exemplarystocre fona fecordinge RIS Brelicveshow dea fighcinerditiahalrfesiidiethe base
thickness in a preferred embodiment of the present invention. FIG. 4 shows how the light intensity
may chargjecnith the Base thikaess itethé hedordipg nsedivir B8 dipiet@gedsection for

irradiating the information recording medium with a laser
beam. The irradiating section irradiates the information
recording layer L(n) with a laser beam having the readout
power Pw(n) 1in reading information from the information
recording layer L(n). The irradiating section irradiates the
information recording layer L{n+a) with a laser beam having
the readout power Pw(n+a) in reading information from the
information recording layer L{n+a).

[0018] Disclosed herein is a methed of making an
information recording medium with k information recording
layers (where k 1s an integer that 1is egual tc or greater
than three). The method includes the steps of: forming the k
information recording layers, from which information is

retrievable using a laser beam with a wavelength of 400 nm to

12



embodiment of the present invention. FIG. 5 shows, using an approximation equation, the relation
between the base thickness and the light intensity in a preferred embodiment of the present invention.
FIG. 6 illustrates a reading apparatus as a preferred embodiment of the present invention. FIG. 7
illustrates the structure of a multilayer disc as a preferred embodiment of the present invention.

FIG. 8 illustrates the structure of a single-layer disc as a preferred embodiment of the present
invention. FIG. 9 illustrates the structure of a dual-layer disc as a preferred embodiment of the
present invention. FIG. 10 illustrates the structure of a three-laver disc as a preferred embodiment

of the presen} ;fbvermi%mfﬂGaz}ldﬂgé%@a%thfeﬁth% of a-fourjayer disc as-a preferred

embodiment of the present invention.
0.84 to 0.86, on a substrate with a thickness of 1.1 mm;
forming (k-1) spacer layers between the information recording
layvers; and forming a protective coating with a thicknesss of
0.1 mm or less on the k™™ one of the information recording
layers as counted from the subsirate. The step of forming
information recording layers includes: making aither
concentric or spiral tracks on one of two groups of the
information recording layers that are gither odd-numbered or
even-numbered as counted from the substrate so that the laser

beam scans that group of information recording layvers Zfrom

some outer radial location on the information recording medium

ot

toward the inner edge thereof; and meking either concentric or
spiral tracks on the other group of the information recording
layers that are either even-numbered or codd-numbered so that
the laser beam scans that group of information recording
layers from some inner radial location on the Informaftion
recording medium toward the outer edge thereof. If the

readout power of the laser beam in reading information from an

th

n one Liny {where n is an integer that 1s equal o or



FIG. 12 illustrates the physical structure of an optical disc as a. preferred embodiment of the present
invention. FIG. 13(a) illustrates an exemplary 25 GB BD as a preferred embodiment of the present

invention and FIG. 13(b) tea an optical disc as a preferred embodime
that has a higher storage density than 25 GB BD. FIG. 14 illustrates how a s
on a irradiated with a light beam in a preferred embodiment of the present in
graph showing how the OTF changes with the shortest recording mark on a
capacity of 25 GE as a preferred embodiment of he present invention. FI
in a preferred embodiment of the present invention in which th
higher than aﬁrd?tegutgf%af?éqﬁé%%)y é%d in ‘whit i,
DESCRIPTION OF EMBODIMENTS

nt of the present invention
eries of recording marks
vention. FIG.15is a
disc with a storage

G. 16 shows an example

on quency-af the shqrtest,mark (2T) is
clh a 2T read sé%%gfhas an a?%pﬁtﬁ’de of zero.

re counted seguentially from one of the information recording

layers that is located most distant from the data

information recording medium, is identified by Pw

the readout power o¢of the laser beam 1in reading

from an int+ay™ one Linta) of the information recordin

side of the

Fh

[ PR
(), and L

informatior

]

[t

lavers, which are counted seguentially from the most distant

information recording layer from the data side of ths

information recording mediur, is identified by Pwinta) {where

a is an integer that satisfies n+a=20 and a#0),

khase thickness bketwsen the information recording

and Linta) is identified by D, then the information recording

medium satisfies
100%Pwin) /Pw(n+a) £-0.1238xD°~2 . 772%xD+106.56

Pwi{n) Z=Pw(n+a) .

ADVANTAGEOUS EFFECTS QOF INVENTION
[0019] Aooording to the present invention, all

recording layers have respectively different best

powers cr only some of the recording lLayers havs a

; and

of the

readout



[00211Hereinafter, preferred embodiments of a multilayer information recording medium, reading
method and reading apparatus according to the present invent-on will be described with reference to
the accompanying drawings. ODIMENT 1) [0022]FIG. 1 illustrates the structure of a multilayer
information recording medium (optical disc) 100 as a speci preferred embodiment of the present
invention.In the following desaription, any pair of components shown in both of FIGS. 1 and 2 and
having substantially the same function will be identified by the same reference numeral and a detailed
description thereof will be omitted herein. [0023]The multilayer information, recording medium 100 has
three or more [eqarcing, ayers anyhich.Information sap b stared, FIG, 1. 1Q tiougho3 denote
respective recording lajers, and to through t2 denote base thicknesses between the respective
recording layers. As a spacer layer is inserted between each pair of recording layers, the "base
thickness" mé&fis tRe1RickhBEs OF tHE Shadet Fa7er Al€oPRDM Jlck P ﬁ%gh%fe thé bedt readout
powers for the respective recording

predetermined thickness. Thus, by adopting the arrangemsnt of

the present invention, the readout powers for the respective
recording layers can be determined sc as not to detericrate or
erase stored data by mistake even if an unintentional laysr~

to-layer jump has happened.

BRIEF DESCRIPTION OF DRAWINGS

(402073

FIG. 1 illustrates an exemplary structure for a recording

medivm as a specific preferred embodiment of the present

invention.

FI&. 2 illustrates an exemplary structure for a recording

FIG. 3 shows how the light intensity changes with the
base thickness in a preferred embodiment of the present
invention.

FI&. 4 shows how the light intensity may change with the

base thickness 1n the recording medium as & preferred



layers LO to L3. [0024]FIG. 3 shows how the intensity of light changes with the base thickness.In this
case, the "lightnsity" represents the power of light falling on a unit area of a recording layer. in FIG. 3,
a light intensity associated with a base thickness, at which the laser beam could be focused most
efficiently on the target recording layer, is supposed to be 100%. As shown in FIG. 3, if the base
thickness of a recording medium changes, an objective lens built in an optical pickup comes to have a
value that has deviated from the designed one, thus producing a spherical aberration and causing a
variation in light intensity, which is almost equivalent to a variation in readout power. That is to say, for
a recording Iaé/pgakg,og1.va5[ia_~tioor1pir1r ight ig;egrgﬁ;j%y due to the change of the base thickness and a variation
in the optical pbwer"gf the laser beam at a constant base thickness mean substantially the same.
[0025Als0, the relation between the base thickness and the light intensity changes according to the
wavelength of the |85t -beam F&d An FIE513:5shéWn iSOG tHeEigREteASIAF vafied aécstding to the
base thickness in a situation where a blue laser beam was used on a Blu-ray Disc (BD) at an NA of
0.85 and at amavelengthof 40 nmhfonexample diis=s and the light intensity in

a preferred embodiment of the present invention.

FIG. 6 1ilustrates a reading apparatus as 2 prgferred
embodiment of the present lnvention.

FIG. 7 illustrates the structure of a multilayer disc zs
a preferred smpodiment of tThe present iInvention,

FIG. 8 illustrates the structure of a single~layer disc
as a preferred smbodiment of the present inventlon.

FIG. & illustrates the structure of a dual-laver disc asg
a preferred embodiment of the present invention.

FIG. 10 illustrates the structure of a thres-layer disc
as a preferred embodiment of the present invention.

FIG. 11 illustrates the structure of a four-layer disc as

dizc as a preferred embodiment of the present invention.
FiG. 13{a) illustrates an exsmplary 25 CGB BD as &

preferred embodiment o©f the present invention and FIG. 13{b)



variation in lighty is substantially proportional to d power of NA and the wavelength. That is to
say, by setting the NA to be Lich, even if the base thickness varies just Slightly, the light intensity will
decrease significantly. In that case, even if the interval between recording lavers is narrow, the
variation in light intensity can still be significant. (00263Specifically, if a multilayer disc has an interval
of 20 to 30 a in between its adjacent layers and if the thickest r oroing layer thereof has a base
thickness of approximately 100 p.m and if any other additional recording layers are provided so as to
have thicknesses of smaller than 100 P m, the light intensity will vary by about 30% even between two
layers that are spaced apart from each thprj, by approximatel .10 mm aor more as long as NA is higher
than 0.8. For :é"i};“ﬁigﬁ‘éf it there is an Trﬁ%?va?‘eﬁga ggs@ thic %egs”s 6 fﬁ%é]g betweer LO and Li layers,
the light intensity will decrease to 70% even when an unintentional layer-to-layer jump to the Li layer
has happene# i3esistake wwhile tie EDlayBes Heifg geannédoThae isdwhy eventif-tiie Fégdout power
for the LO layer was defined to be 1.42 (:=1/0.7) times as high as the power for the Li layer, no
damage wouldbeglome, on layer. [0027]Such a decrease in light intensity is proportional to the third
bower of NA and the wavelength of the light beam. Thus, as long as NA is equal to or greater than
0.65, a more significant degjegse fn ight ntepsily than the one shown I FIG. 3.uilibg cased. As a
resut, even if the base thickness remains the same, a more significant e?fécf can be achieved and a
greater readout power can be defined for the LO layer. The same can be said about the wavelength.
That is to say*- & §hoiter thé TtaveleRgth, thénore sightiicant fifafteffect wifl berreferred

embodinent of the present invention.

k]
4

PG. 15 is a graph showing how the OTF changes with the
sheortest recording mark on a disc with a storage capacity of
25 GB as a preferred embodiment of the present invention.

FiG. 16 shows an example in & preferred embodiment of the
present invention in which the spatial frequency of the

shortest mark (27} 1= higher than an OTF cutcffi freguency and

in which 2 2T read signal has an amplitude of zero.

DESCRIPTION OF EMBODIMENTS

(66213 Hereinafteyr, preferred embodiments of a multilayer

information recording medium, reading method and reading

apparatus accoerding to the present Inventicn will  be

described with reference to the accompanying drawings.
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[0028]As can be seen, in a situation where respective recording layers have different best readout
powers, if an unintentional layer-to-layer jump has happened, the readout power for the recording layer
reached by mistake as a result of the 1 e -to-layer jump may be higher than the previous one, and the
data stored there could deteriorate. To avoid such a problem,ctive to set the base thic' between each
pair of adjacent recording layers to predetermined value or more to take advantage of a decrease
lightin intensity due to a variation base thickness. Thus, according to this preferred embodiment, the
base thickness between each pair of adjacent recording layers is determined by reference to such a
relation betwe%rlgq%m%?g;sg;hgckness and the light intensity. As for readout powers for reading
information, aiTeaé’t one reco iayer requires a different readout power from the other recording layers.
But such a difference is dealt with by setting the base thickness between each pair of adjacent
recording layefs” %@ be eqlidfto ot grelateEidT aprédeterdinedthicknéss. As UsedHerém, the
"predeterminedthickness" is a thickness at which the intensity of light decreases to a predefined
degree or moye tuento-abarration: dhis; paid wik be-deseribediinsturthes sletail laten40029Hereinafter,
it will be described with reference to FIG. 4 how to determine the base thickness accor preferred

embodiment by [¢ference ig e [elalion bepween the hase fickngss gud e liaht infensiy. FIG. 4
shows how the light intensity cﬁanges with the base thic

e

ness.

following desceription, any pair of components shown in both of
FIG3. 1 and 2 and having supstantially the same function will
e identified by the same reference numeral and a detailed
description thereof will be omitted herein.

[G0Z3] The multilaver information recording medium 100 has
three or more recording layers on which information can be
stored. In TIG. 1, LO through L2 denote respective recording
layer;, and t0 through tZ denote base thicknesses betwsen the
respective recording layers. As & spacer layer 1s inserted

between each pair of recording lavers, the “base thickness”

means the thickness o©of the spacer layer. Alsc, Pwl through

€4

Pw2? denote the best readout powers for tThe respectiv

recording lavers LG to L3.

(00243 Fi%. 3 shows how the intensity of light changes with

the base thickness, I this case, the “light intensity”

represents the power of light falling on a unit area of =2



[00301In FIG. 4, when information is read from the recording layer LO, the laser beam is supposed to
have the best readout power PwO and the light intensli.y when the laser beam is focused on the
recording layer LO is supposed to be 100%. [0031.10n the other hand, when information is read from
the recording layers Li, L2 and L3, the laser beam is supposed to have best readout powers Pwl, Pw2
and Pwa3, vely. In this case, the readout powers for the respective recording layers are
normalized so that Pw0==100, Ow1==80, and Pw2==Pw3==70 are satisfied. For example, when a
laser beam with the readout power Pwl is focused on the recording layer Li, the light intensity is
represented by 80764150, the pase,thicknessyis determined sothat evendtie laser beam with the
readout power PWO Is tocuséd on tho recording layer LI, the light intensity becomes equal to or smaller
than 80%. That is to say, the base thickness is determined so that that ignt intensity becomes equal to
or small the dhe 4 SEsituatiofiRere &Tasé GéantWith 3230 e SareWay? when'daser beam
with the readout power Pw2 is focused on the recording layer L2, the light

most efficiently on the target recording layer, is supposed to

be 100%. As shown in FIG. 3, 1f the base thickness of a
recording medium changes, an objective lens bullt in an
optical pickup comes to have a value that has deviated Irom
the designed one, thus producing a spherical aberration and

causing a variation in light intensity, which is almost

o

equivalent to variation in readoutr power. That is to say,
for a recording layer, a variation in light intensity due to
the change of the base thickness and a varlation in the
optical power of the laser beam at a constant base thickness
mean substantially the same.

[0025] Rlso, the relation betwsen the base thickness and
tne light intensity changes according to the wavelength of the
laser besam ussed. In FIG. 3, shown 1s how the 1light intensilty
varied according to the base thickness in a situation where a
blue laser beam was used on a Blu-ray Disc (BD) at an NA of

0.8% and at a wavelength of 405 nm, for example. This

variation in light intensity is substantially proporticnal to



intensity is represented by 70%. Also, the base thickness is determined so that even if the laser beam
with the readout power Pwl is focused on the recordingr L2, the light ensity becomes equal to or
smaller than 70%.That is to say, the base thickness is determined so that that light intensity becomes
equal to or smaller than the one in a situation where a laser beam with the readout power Pw2 is
focused on the recording layer L2. [0033]In this manner, by utilzmng the relation shown in 3, the
base thickness between each pair of adjacent recording layers can be determined appropriately
according to the readout powers for the recording layers. [0034]The disclosed invention may be

modifiednumerous ways and may assume many embodiments other than those X
the third power of NA and the wavelength. That 1s to say, by

setting the NA to be high, even if the base thicknesss variles

Just siighitly, the light intensity will decrease significantl

A

In that case, even if the interval between recording layers is
narrow, the wvariation in 1ight intensity can still be
significant,

[GG2¢6] Specifically, if & multilaver disc has an Interval
of 20 to 30 u m betwesen its adijacent layers and 1f the
thickest recording layver thersof has a bass thickness of
approximately 100 g m and if any other additional recording
layers are provided so as to have thicknesses of smaller than
100 u m, the light intensity will wvaryv by about 30% even
betwesn Two layers that are spaced apart from =ach other by
approximately 10 um or more a3 long as NA is higher than U.B.
For example, 1f there is an interval {i.e., 2 base thickness)

g

of 10 um between L0 and L1 layers, the light intensity will
decrease to 70% even when an unintentional layer-to-laver Jump

t¢ the L1 layer has happened by mistake while the L0 layer is

owar for the

el

being scanned. That is why even if the readout

LO layer was defined to be 1.42 (=1/0.7} times as high as the



cifically described above without departing from spirit of the present invention.For example, the base
thickness may be determined so that the light intensity on the recording layer that has been reached
accidentally as a result of an unintentional layer-to-layer jump either agrees with, or becomes smaller
than, the best light intensity for that recording layer [0035]Also, in the preferred embodiment described
above, the base thickness is supposed to be determined so that the light intensity on the recording
layer that has been reached accidentally as a result of an unintentional layer-to-layer jump becomes
equal to or smallerbest light intensity

won

power for the L1 layer, no damage would ke deone on the L1
layer.

rogz7l Such a decrease in light intensity iz proportional
te the third power of N& and the wavelength of the light beam.
Thus, as long as NA-is eqgual to or greater than 0.85, a more
significant decrsase in light intensity than the one shown in
FIG. 3 will be caused. As a result, even if the base
thickness remains the same, a more significant effect can be
achleved and a greater readoui power can be defined for the L0
layer. The same can be said about the wavelength., That 1is to
say, the shortsr the wavelsngth, the more significant that

affect will bs.

<
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be seen, Iin a sgituaticon where resgpective
recording layers have different best readout powers, 1f an
unintentional layer-to-layer Jjump has happened, the readout
power for the recording laysr reached by mistake as 3 result
of the layer-to-layer dump may be higher than the previocus
sne, and the dats stored there could deteriorate. To avoird
such & preblem, it 1s effective tTo set the base fhickness

betwaen each pair of adiacent rescording layers o &



for that recording layer.However, the base thickness may also be determined so that the lignt rntensity
on that unexpected recording layer becomes smaller than a light intensity at which data stored on that
recording layer starts to deteriorate. [0036]Furthermore, in the preferred embodiment described
above, the base thickness between each pair recording layers is de between the variation
intensityHowever, the base thickness may also be oetermined by using a simple approximation
equation.For example, as for a Blu-ray Disc (ED) that uses a blue laser

predetermined value or more to take advantage of a decresse

n light intensity dus to a variation in base thickness.

P

Thus, according to this preferred embeodiment, the base
thickness between each palr of adjacent recording layers is
determined by reference to such a relation between the base
thickness and the light intensity. As for readout powers Ior
reading information, at least one recording layer reguires a
different readout power from the other recording layers. BRBut
such a difference is dealt with by setting the base thickness
betwaen each paizr of adjacent rscording lavers to be sgual to
or greater than a predetermined thickness. As used herein,
the “predstermined thickness” 1s a thickness at wnich the
intensity of light decreases to a predefined degree or more

due to aberraticn. This point will be described in further

002%] Herelinafter, it will be described with reference fo
PIG. 4 how to determine the base thickness according to this
preferred embodiment by reference to the relation between the
base thickness and the light intensity. FIG. 4 shows how the

light intensity changes with the base thickness.



beam, the following approximation Equationsand (4) are obtained based on the relation between the
base thickness, the light intensity and the readout power, and the base thickness can be determined
by those equations. FIG. 5 shows the relation between the base thickness and the light intensity by the
following approximation equation: S=0.1238Xd2+2.772Xd106.56 where S represents the light
intensityand d represents a variation in base thickness [umj from a value associated with a light
intensity of 100% and is a positive integer. [00Suppose the readout power oflaser beam for reading
information from an

(00307 In FIG, 4, when information is =read from the
recording laver LO, the laser beam 1z suppcsed te have the
best readout power Pwd and the light intensity when the laser

beam is focused on the recording laver LU 1s supposed to be

100%.
(0031 Cn the other hand, when information is read from
the recording layers L1, L2 and L3, the laser Deam L8

supposed to have best readout powers Pwl, Pw2 and Pw3,

respectively. In +this c¢az=2, the readout powers Ifor the
respective recording layers are normalized so that Pwl =100,
Pwli=280, and PwZ~=Pw3=70 are satisfied. For example, when 3

laser beam with the readcut power Pwl 1is focused on ths
recording laver L1, the light intensity is represented by 80%.
Elso, the base thickness is determined so that even 1f the
laser beam with the readout powsr Pwd is Ifccused on ths
recording layver LI, the light intensity becomes egual to or
smaller than B80%. That 1s to say, the base thickness 1s
determined so that that Ilight intensity becomes sgqual fo or

smalier than *the one in a situation wheres & laser beam with

the readout power Pwl is focused on the recording laver Li.

-l
(7%



one L(n) of the information ording layersh are counted sequentially from the most distant recording
layer from the data side surface (i.e., the upside shown in FIG. 1) of the optical disc 100, is identified
by Pw(n), where n is an integer that is equal to or greater than zero. For example, the most distant .e.,
the deepest) recording layer from the data side may be identified by L(0) and its readout power PwO
may be identified by Pw(0). On the other hand, the readout power of the laser beam for reading
information from the (n+a)rd information recording layer L(n+a) is identified by Pw(n+a)., where a. is an
integer that sa sfies n-Haa0 and aw40.For rnstance, if n==0 and a=1, then the (n+a)th layer will be the

recording layer Li, [0038]In this case, even if the readout power ?Wéq) is;highgr than tl&e readout power
PmKn+axtheh%%? tensﬂ%n the same way, wnen a laser Deam witll the reaaoul

power Pw2 is focused on the rscording layer L2, the light
intensity is representad by 70%. Also, the base thickness is
determined so that even 1f the laser beam with the resadout
power Pwl is focused on the recording layer L2, the light
intensity becomes equal to or smaller than 70%. That 1s to
say, the base thickness is destermined so that that light
intensity becomes equal to cor smaller than the one in a
situation where a laser beam with the readout power Pw2 is
focused on the recording layer L2.

T00333 In this manner, by utilizing the relation shown in
FIG. 3, the base thickness between each pair of adjacent
recording layers can be determined appropriately according to
the readout powers for the recording lavers.

100347 The discleosed invention may be modifilsd in numerous
ways and may assume many empodiments other than those
specifically described above without departing from the
spirit of the present Invention. For axampie, the Dbase
thickness may be determined sc that the light intensity on the

recording layer that has been reached accidentally as a result



when the information reccrdinr L(n+a) is irradiated with thebeam with the readout power Pw(n) is
defined to be equal tosmaller than the light intensity when the information recording layer L(n+a) is
irradiated with laser beam with the readout power Pw(n+a). [0039]in the following Equation (4),
ifreadout power for one recording layer that is located more distant from the data side is lower than the
power for the other layer, then a becomes a positive integer. On the other hand, if the readout power
for the one recording layer that is located more distant from data side is higher than the power for the
other layer, then a becomes a negative integer. In the latter case, the recording layer L(n+a) will be

located more distant from the data side than the rgcor@ing Igéer L(n) is. [0040]The base thickness D
between the fifoffalidn teEBrdinglay s By dhd EifFa) ¢8R be-calictiatéd By W= °F

becomes smaller tThan, the best light intensity for that
recording layer.
[0035] Also, 1n the preferred smbodiment described above,

the base thickness is supposed to be determined sc thalt the
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the recording laver that has been reached
accidentally as & result of an unintentional layer-to-layer

Jump becomes egual to or smaller than the best light intensity

Hhy

or that recording laver. However, the base thickness may
also be determined so that the light intensity on that
unexpected recording laver Dbecomes smaller than a light
intensity at which data stored on that recording layer starts
to deteriorate.

[0036] Furthermore, 4in the preferred embodiment described
above, the bage thickness between each palr of adjacent
recording layers is determined by reference to the relation
betwsen the variation in  ass  thickness and the 1light
intensity. However, the ©base tThickness may alsc be
determined by using a simple approximation eguation. For

example, as for a Blu-ray Disc (BB} that uses a Dbklue laser



100xPw(n)/Pw(n+a)=-0.1238x1*-2.772xD+106.56(4) where Pw(n) -LC Pw(n+a) and Pw(n)/Pw(n+a) is
expressed in percent.example, if Pw(n) = Pw( a)the Pw(n)/Pw( a) ratio is one), the left side of Equation
(4) is 100%. Meanwhile, n'is an integer that is equal to or greater than zero and a is an integer that
satisfies n+ba,==0 and a#0. [0041]The base thickness D is determined so that the left side of Equation
(4) represents an appropriate ratio. If a is a negative integer and if the readout power Pw(n+a) is
greater than the readout power Pw(n), then the light intensity when the+ion recording layer L(n) is
irradiated with a laser beam with the readout power Pw(n+a) may be equal to the light

”ﬂensnwnﬁn%ggﬂpr%g@dggiEgﬁﬁégnépproximation Bguations {3} and {4) are

{
obtained based on the relation between the base thickness, the
light intensity angd the readout power, and the base thickness
can be determined by those eguations. FIG. 5 shows the
relation between the base thickness and the light intensity by
the following approximation sguation:

S==-0, 1238 X d*+2.772Xd+106.56 (3}
where 5 represents the light intensity [%! and d represents a
variation in base thickness [{upum! from a value associated with
a light intensity of 100% and i1s a positive integer.

[0G37] Suppose the readout power of the laser beam for
reading information from an n™ one Lin) of the informatiocn
recording layers, which are counted seguentially from the most
distant recording layer from the data side surface {(i.e., the
upside shown in FIG. 1) of the optical disc 100, is identified -
by Pwin}, where n is an integer that is eqgual to or greater

—
=

than zero. For sxample, the most distant {i.s., the deepsast)

recording layer from the data side may be identified by L{G)

and its readout power Pwl may be identifiied bv Pwi{lj. On the

other hand, the readout power of the laser beam for reading



irradiated with a laser beam with the readout power Pw(n), [0042]On the other hand, if a is a negative
integer and if the readout power Pw(n+a) is greater than the readout power Pw(n), then the light
intensity when the information recording layer L(n) is irradiated with a laser beam with the readout
power Pw(nta) may be equal to or smaller than the light intensity when information recording layer L(n)
is irradiated with a laser beam with the readout power Pw(n). The base thickness D that satisfies such
a condition is obtained by the following Inequality (5), which. is a modified version of Equation (4):
100xPwO0-0/Pw(n+a)-0.1238xD2-2.772xD4-106.56(5) (EMBODIMENT 2) [0043]FIG. 6 illustrates a
configuration j(r)lr,_a r%agkn& apparatus t%%o ac;ggr&tj 513 toi@g?ggasg{génv%@& at@% ree_atgiggrapparatus

. CANIOYT L LIOT A
400 is an apparatus For reading n?%ormatlon rom an optical disc 100.

L{n+a} is identified by Pw(n+a), where & 1s an integer that

satisfies ntaz0 and a#0. For instance, if n=0 and a=1,

v

>‘a_’

then the (n+a layer will be the recording layer L1,

readout power Pw{n) 1is

%3
42

(06381 In this case, even 1f th
higher than the readout power Pwi{n+a}, the light intensity
when the information recording layer Lin+a) is irradiated with

the laser beam with the readout power Pwin} is defined to be

egual to or smallier than the light intensity when the

information recording layer Lin+a) is ilrradiated with the
laser beam with the readout power Pwinta).
100397 In the fellowing Bguation (4), if the readout power

for one recording layer that 1s located more distant from the

[43]

data side is lower than the power Ifor the other layer, then

becomes & positive lnteger. On the other hand, 1f the readout

oower for the one recording layer that is located more distant

from the data side ig higher than the power for the other

layer, then a bsgcomes a negative integer. In the latter case,

the recording laver L{n+a) will be located more distant from

rhe data side than the recording layer Limn} is.
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[0044]The reading apparatus includes an optical pickup 402, a semiconductor laser control section
403 and a servo processing section 404 for controlling the optical pickup 402, a read signal
‘processing section 405 for processing the read signal supplied from the optical pickup, and a central
processing unit (CPU) section 406 for controlling multiple components included in this reading
apparatus 400. (00451In response to a control signal supplied externally from a computer (not
shown), the CPU section 406 controls the semiconductor laser control section 403, the servo
processing section 404 and the read signal processing section 405. [00461The semiconductor laser
control section 403 makes settingks on regfdg% power ebnd RF,si%naI sué)negposfitign and gets a laser

beam emitted ffohY the octiéal pic auS|oe (cobrrle’s“pondslﬁg {6 the rra EFa{)ting sectio"r“lp’)ﬁ)jin\?vﬁh
predetermined laser power and incident on the optical disc 100. Specifically, in reading information
from the information! recording fay &r ((n) 2ttt Bptital piekup 40 Ziradintés thé Triformation recording
layer L(n) with a laser beam with a
100%Pw (n) /Pw(n+a) =-0.1238xD*—2.772xD+106.56 (4)

where Pwin) & Pwinta] and Pwin)/Pw{nta) 1is saxpressed in

percent. For example, 1f Pwin) = Pwinta) {i.2., 1f the

Pwin)/Pw(n+a) ratio is one), the left side of Eguation (4) is

100%. Meanwhile, n is an integer that 1s egual To or greater

than zero and a is an integer that satisfies n+taz=0 and a#0.

(00417 The base thickness D is determined so that the left

side of Bauation (4) represe;ﬁs an appropriate ratic. If a is

alnegative integer and if the readout powsr Pwintal 1s greater

than the readout power Pw({n), then the light intensity when

the information recording layver L{n} is irradiated with a

laser beam with the rsadout power Pw({n+a) may be equal to the

light intensity when information recording layer Li{n) 1is

irradiated with a laser beam with the readout power Pw({n).

(00423 On the other hand, if a is & negative integer and if

the resadout power Pw{n+a) i1s greater than the readout power

Pw(n), then the light intensity when the information recording

layer L{n) is irradiated with & laser beam with the readout



readout power Pw(n).On the other hand, in reading information from the information recording layer
L(n+a), the optical pickup 402 irradiates the information recording layer L(n+a) with a laser beam with
a readout power Pw(n+a). [0047]The servo processing section performs a tracking control and a focus
control using the detection signals generated by the optical pickup 402, thereby controlling the optical
pickup 402 so that the optical pickup 402 can perform focusing and tracking operations accurately on
the information recording medium 100. 100481The read signal processing section 405 performs data
read signal processing and wobble signal processing, thereby reading data and physical addresses

and performing other kinds of processing. [004 T]A recordlng med ium nogﬁmally has an.area where
power Pw(n+a} may be egual or sma+1@r tne 1ignt

intensity when information recording laver Li(m) 1s irradiated
with a laser beam with the readout powsr Pwi{n}. The base

thickness D that satisfies such a conditlion is cbtainsd by the

following Inequality (5}, which is a modified wversion of
Equation (4)

100xPw{n} /Pwin+a) &~0,1238xD"—2.772xD-+106.56 (5
{EMBODIMENT Z;
[6043] FIG. 6 illustrates a configuration for a reading

apparatus 400 according to the present invention. The reading
apparatus 400 is an apparatus for reading information from an
optical disc 100.

(00447 The reading apparatus includes an optical pickup 402,
a semiconductor laser contrel sectlon 403 and 2 servo

processing section 404 for controlling the optical pickup 402,
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a read signal processing section 405 for

signal supplied from the optical pickup, and a central

o

processing unit (CPU) section 406 for controlling multipl

components inciuded in this reading apparatus 400.
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various kinds of information about the recording medium is stored. Thus, the optical disc drive usually
recognizes the type of a given recording medium by reference to the information that has beenretr—
Ted from that area and makes setting so as to generate a predetermined readout power. However, in
some multila er recording media, the readout powers sometimes need to be changed for one recording
layer alter another. That is why if an unintentional layer-to-layer jump has happened by mistake while
such a multilayer recording medium is scanned, then the readout power for the recording laver
reached by mistake as a result of the layer-to-layer jump could be higher than the previous one, thus
possibly deteriorating the data stored ‘here. [0050]As a means for avoiding such a problem, it will be
effective to detéfrhine the Basé thiekRess betweEAEach-p4it BF adjataiit reddrditigiayérs-dccording to
the type of the given recording medium recognized and then set the readout powers for the respective
recording layersd@051}Hhatisavhy aceording 1o the maagmitude:-ef decresse indightdntensity due o a
variation in base thickness between each pair of adjacent recording layers, readout powers for the

reseeciive recorging layers re deteymingdt 19952 possilg to detive dheproportianally between

readout powers forme ve recording layers based on ckness between each pair of adjacent
recording layers by reference to the relation shown in FIG. 3. And the readout powers for the
respective recibgTaytté Sectetermitéd sbo'ae td n?é&%ﬁ%séﬁ&o’b?%?éﬁoﬁgﬁionality described
above. For example, the proportionality shown in FIG. 4 may be adopted.

[0c4al The semiconductor laser contrel section 403 makes

settings on readout power and RE signal superposition, and
gets a laser |beam emitted from the optical pickup
{corresponding to  the Tirradilating sesction”) 402 with
predetermined laser power and incident on the optical disc 10Q.
Specifically, in reading infermation from the information
recording layer L{m), the optical pickup 402 irradiates the
information recording layer Li{m} with a lassr beam with a
readout  power Pwinj). Or:  the other hand, 1in reading
information from the informaticn recording layer Li{nt+ta), the
optical pickup 402 lrradiates the informaticon recording layer
Lin+a) with a laser beam with & readout power Pwinta).

(00471} The servo processing section performs a Tracking
control and a focus control using the detection signals
gemerﬁted by the optical pickup 402, thereby controlling ths

optical plckup 402 so that the optical pickup 402 can perform
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[0053]For example, once the type of the given recording medium has been recognized, the base
thickness between each pair of adjacent recording layers of that recording medium can be
determined.Thus, information about proper light intensities for the respect ye recording layers may be
stored in a memory (not shown) in the CPU section 406. When the type of the given recording medium
is recognized, that light intensity information may be retrieved from the memory of the CPU section.
The semiconductor laser control section 403 sets the readout power according to the base thickness
thus determined, thereby irradiating each recording layer with a. laser beam with an appropriate light
intensity. Alternatively, information about appropriate readout powers for the respective recording
layers could BEStSredfirttiie mehtsry 6t (HieFEPY Yettidhi4te: 100545 that caSethdFesdout power
information may be obtained and stored by calculating readout powers by reference to the relation
between the base thickmessand:thig fight intensity shown in FIG. 4 so that the light intensity when a
laser beam with a readout power one recording layer is focused unintentionally on another recording

layer becomeg,as high as:the light intensity when alaser beamwitha sgadout- Power for the latter
recording layer is focused on that

read signal processing and wobble signal processing, thereby

reading data and physical addresses and performing other kinds

o

iy

processing.

[0049] 2 recording medium normally hag an area where
various kinds of information about the recording medium is
stored. Thus, the optical disc drive usually reccgnizes the
type of a given zrecording medium by reference to the
information that has been retrieved from that area and makes
setiing s0 as to generate & predetemined readout power.
However, in gscme mnultilaver recording media, ithe readout
powers sometimes need to be changed for one recording layer
after another. That is why if an unintentional layer-to-layex
jurp has happened by mistake while such s muitiiayer recording
medium is scanned, fhen the readout powsr for the recording
layer reached by mistake as a vesult of the layer-to-layer

jump could e higher than the previous one, thus possibly

deteriorating the data storsd thers.



recording layer as intended.And when the type of the given recording medium is recognized, the
readout power may be determined. [00551While the present invention has been described with
respect to preferred embodiments thereof, the disclosed invention may be modified in numerous ways
and may assume many embodiments other than those specifically described above without departing
from the spirit of the present invention. For example, the readout power information may also be
obtained and stored so that the light intensity when:a laser beam with a readout power for one
recording layer is focused unintentionally on another recording layer becomes equal to or lower than
the light inteng.li[% y\éhen a laser bgﬁamﬁwitrl fgvreadout, ower for the latter {ecordqu Iay_er is Iocused on
that recording‘lay2F as intéiidel. {5686 1 Fdrth&riore. ik the prefert EmBbdiment dedcribed above,
the readout power information is supposed to be obtained and stored so that the light intensity on a
wrong recordingfayet reached Giemistaketds: aresaltoiiakunirte hionakcayesrto-layerjurip becomes
equal to or lower than an appropriate light intensity for that recording layer. However, the readout

power information faay also-beohtained.and stored:sa that the light intensityon.that ynexpected
recording layer becomes equal to or lower than a light intensity at which the data stored on that
recording Iay%rcgtg;%siwad%ggoratel[gg? Altergatai%\%y,é_tgg nreadgut fower mg&ote determined

Ium ghize set {1 rea POWErs
for the respective recording layers.

(00513 That is why according f¢ the magnitude of decrease
in }ight intensity due to & wvariation in base thickness
between each pair of adjacent recording lavers, readout powers
for the respective recording layers are determined.

[0052] It is possible to derive the proportionality between
readout powers for the respective recording layesrs based on
the Dbase thickness between =ach pair oif adjacent recording
layers by reference tc¢ the relation shown in FIS. 3. And the
readout powers for the respectlve recerding layvers are
determined sc as To weet the appropriate proportionality
described above. For example, the proportionality shown -in
FIG. 4 may be adopted.

{00533 For example, once the type of the given recording

medium has been recognized, the base thickness betwsen each

pair of adiacent recording layers of that recording medium can



and saved by reference to the relation between the variation in base thickness and the light intensity
as shown in FIG. 3 or 4.Still alternatively, the readout power may be calculated by the approon =
equation shown in FiG. 5 or represented by Equation (3), (4) or (5) and then saved. [0058]Also,
readout powers that can be defined for the respective recording layers of a recording medium could
fall within a range from a readout power tnat is low enough to avoid deteriorating the quality of a read
signal through a readout power that is high enough to avoid deteriorating the data stored there.in such
a situation, the readout powers for the respective recording layers could be determined so as to avoid

deteriorating the stored data as completely as o
he determined. Thus, information about propsr light

intensities for the respective recording layers may be stored

in 2 memory {not shown) in the CPU section 408. When the type

-

the given recording medlum is recognized, <that light

g

i

O
h
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CPU saction. The semiconducthor lasser control ssection 4032 sets

the readout power according to the base thickness thus

ayer with a

F..N.*

determined, thereby ilrradiating each recording

lagser beam with an appropriate light intensity. Alternatively,

information  about appropriate readout  powers for  the

respective recording lavers could be stored in the memory of

the CPU =section 406,

[0054] In that case, the readout power information may be

obiained and stored by calculating readout powsrs by reference

to the relaticn between the base thickness and the light

intensity shown in FIG. 4 so that the light intensity when =z

laser beam with a readout power for one recording layer 1s

focused unintentionally on another recording layer becomes as

high as the light intensity when a laser beam with a readout

power for the latter recording layer is focused on that

142
a2



possible within the range of readout powers thatcan be set for the respective recording layers. In a
situation wnere the readout power is set close to the upper limit, if an unintentional layer-to-layer lump
has happened, the deterioration of thedata cannot be avoided entirely but its infiuence can still be
minimized. [00.59]Hereinafter,aninformationrecordingmedium according to the present invention will
be described in etail. ameters> [0060]Although the present inventionapplicable to various types of
recording media including Bluera\ Discs (BDs) and discs compliant with other standards, the following
description will be focused on a BDs. Specifically, BDs are classified according to the property of their
recording film into various types. Examples of those various EDs include a BD-ROM (read-only), a
BD-R (Write-oﬁ@éﬁ’féﬁd“é BRYRE &5 intended. And when the type of the given

recording medium i1is recognized, the readout power may bs
determined.

[00557 While the present invention has been described with

Py

respect to preferred embodiments thersof, thse disclosed
invention may be modifled I1In numercus ways and may assume
many embodiments other than those specifically described
above without departing from the sgpirit of the present
invention. For example, the readout power informaticn may
alsc be obtained and stored so that the light intensity when a
laser keam with a readeut power for one rscording layer 1s
focused unintentionally on ancother recording layer becomes
equal to or lower than the light intensityv when a laser beam
with a readout powsr for the latter recording laver 1s Focused
on that rscording layer as initended.

[0056;

rxy

urthermore, in the preferred embodiment described

above, The readout power information L1z supposed Lo be

obtained and stored so that the light intensity on a wrong

recording laver reached by mistake as a result of an

unintentional layer-to-layer Jjump becomes egual o or lower



(rewrble). And the present invention is applicable to any type of BD or an optical disc compliant with
any other standard, no matter whether the recording medium, is a ROM (read-only), an R (write-once)
or an R (re liable). Main optical constants and physical formats for Blu-ray Discs are disclosed in
Blu-ray Disc Reader" (published by Ohmsha, Ltd.) and on White Paper at the website of Blu-ray Disc
Association (http://www.b corn), for example. [0061)Specifically, as for a BD, a laser beam with a |
wavelength of approximately 405ch may fall within the range of 400 nm to 410 nm supposing the
tolerance of errors is f:5 nm with respect to the standard value of 405 nm) and an objective lens with
an NA (numerical aperture) of approximatel¥ 0.85 (which may fall within the range of 0,84 to 0.86

supposing thé i5iRrahte8F DTS 16 01 With respedt 1o the Standard® vaRfe 6P 0!85) drédsed.A BD has

a track

Howaver,

the readout power information may alsc be obtained

and stored so that the light intensity on that unsxpscted

reccrding

intensity

layer bacomes equal to or lower than a Ilight

at which the dats stored on that rescording layer

starts to deteriocralte.

[QG57)

Alternatively, bLhe readout power may be determined

and saved by reference to the relation between the varlation

in hase

or 4.

thickness and the light intensity as shown 1in FIG. 3

Still alternatively, the resadout power may be

calculated by the approximation eguation shown in FIG., & or

representeaed by Equation (3), (4) or (5} and then savad.

[0658]

Also, readout powers that can ke defined for the

g

respective recording layesrs of & recording medium couid fall

within a range from a readcut powsr that is low enough to

avoid detericrating the guality of a read signal through a

readout power that is high encugh to avold deteriorating the

dats stored thers. in such & situation, the readoul powers

for the respective recording lavers could bs determined so as

to avold deteriorating the stored data as completely as



pitch of about 0.32 p in (which may fall within the range of 0.310 to 0.330 p in supposing the tolerance
of errors is 0.010 p m with respect to the standard value of 0.320 pm) and has one orording layers.A
BD has a single-sided single-layer or a single-sided dual-layer structure on the laser beam incident
side, and its recording plane or recording layer is located at a depth of 75 p in to 100 p m as
measured from the surface of the protective coating of the BD. [0062]A write signal is supposed to be
modulated by 17PP modulation technique.Recording marks are supposed to have the shortest mark
length of 0.149 p m or 0.138 p m ;which is the length of a 2T mark, where T is one cycle of a reference

clock pulse and a reference gerrodmodulatron in a situation where a mark is recor ed in accordance
with possible in the range of readout powers iat  can

for the respective recording layers, In a situation where the
readout power 1is set close to the upper limit, 1f an
unintentional layer-to-laver Tump has happened, ths
deterioration of the stored data cannct be avoided entirely
but its influence can still bz minimized.

[CC5%] Hereinaiter, an information recording medium

according te the present invention will be described in

further detail.

<Main parameters>

[00860] Blthough the present invention is applicable to
various types of recording media including Blu-ray Discs (BDs)
and disces compliant with cother standards, the <following

description will be focused on a BDs. Specifically, BDs are

classified according to the property of their recording film

into various types. Examples of those varicus BDs include a
BO-ROM read-cnly), a BD-R write-once), and & BD-RE
(rewritable). And the present invention is applicable Uo any

type of BD or an optical disc compliant with any other



predetermined modulation rule), i.a channel bit length T of 74.50 nm or 69.00 rim. The BD has a
storage capacity of 25 GB or 27 GB (more exactly, 25.025 GB or 27.020 GB) if it is a single-sided,
single-layer disc but has a storage capacity of 50 GB or 54 GB (more exactly, 50.050 GB or 54.040
GB) if i is a single-sided, dual-layer disc. (00631The channel clock frequency is supposed to be 66
MHz (corresponding to a channel bit rate of 66.000 Mbit/s) at a standard BD transfer rate (BD Ix), 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. [0064] And the standard
linear velocitfg(\ﬁﬁf%ﬁr\ﬁﬂl a0 BE Fetetred 15 Hbtbin HE " réferaice tfedr Vatodity™ or “ix"yis supposed to
be 4.917 m/sec or 4.554 m/sec. The 2x, 4x, 6x and 8x linear velocities are 9.834 m/sec, 19.668 m/sec,
29.502 m/sec abi39:836 m/set, fespectivelycpchinear velosityHiigharathahtthie standakd-inear velocity
is normally a positive integral number of times as high as the standard linear velocity. But the factor
does not havete he.an integesbut may;alse he a-positive.teal number: Optignallysadingag velocity that
is lower than the standard linear velocity (such as a 0.5x linear velocity) may also he defined. [0065] It
should be noted that these parameters are those of single-layer. or dual-layer BDs alteady on the
market, whicﬁ?ﬁséggcé’ %?orége cg;l:c])“acﬁtayy 0 éﬁgrg{ﬁran%%ly §§ ég %Tnfﬁxpr%%rr%%éﬁg D7 éBadpc)er layer. To
further increase the storage capacities of BDs, high-density BDs with a storage capacity of
approximatel$3? GB dfapproximately 33-2GBPEr1ajerand three: ortobf-laferBbahave already
been researched and developed. Hereinafter, exemplary applications of the present invention to such
BDs will be deseribed./«Strusiure-withimultiple informatien:recording layers> [00663For example,
supposing the optical disc is a sir

100613 Spacifically, as for & BR, & laser beam with a
wavelength of approximately 405 nm {which may fall within the
range of 400 nm to 410 nm supposing the tolerance of errcrs is
=% nm with respsct to the standard valus of 405 nm} and an
obisctive iens with an NA& (numexical aperture) of
approximately 0.85 (which may fall within the range of (.84 to
0,86 supposing the tolerance of errors is X 0.01 with raspect
to the standard value of 0.85; are used. L BD has a track
pitch of about $.32 4w (which may fall within ths range of

.

0.330 4 m supposing the tolerance of errors is =

o
(5]
]
[on]
ot
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0.010 4 m with respect to the standard value of 0,320 g m) and

has one or two rscording layers. A BD has a single-sided

single-layer or a single-sided dual-layer structure on the

laser heam incident side, and its recording plane or recording



sided disc, from/on which information is read and/or written by having a laser beam incident on the
protective coating (cover layer) side, if two or more recording layers need to be provided, then those
multiple recording layers should be arranged between the substrate and the protective coating. An
exemplary structure for such a mul ilayer disc is shown in FIG. 7The optical disc shown in FIG. 7 has'
information recording layers 502 (where n is an integer that is equal to or greater than zero).
Specifically, in this optical disc, a cover layer 501, (n+1) information recording layers (layers Ln
through LO) 502, and a substrate 500 are stacked in this order on the surface onlaser beam 505 is
incident. Also, h pair of adjacent ones of the nrn information recording layers 502, inserted as
an optical buffering memberis-aspacer layer 503 Thab istorsdy; théteferenee laysrsOathay be
arranged at the deepest level that is located at a predetermined depth from theincident surface (i.e., at
the greatest distance-om: the: ight:souree)Muliipte redingolayers LA 22 @and Ln may be stacked one
upon the other from over the reference layer LO toward the light incident rface. [0067]In this case, the

depﬂuﬁther?gggp?elaygrggg% signal is suppessd to be moedulated by 17PP

modulation technigue. Fecording marks are supposed to have
the shortest mark length of 0.149 g m or 0.138 pm {which is
the length of & 2T mark, where T 1s one cycles of a reference
clock pulss and a reference pericd of modulation in a
situation where &a mark .iS recorded in accordance with a

redeterminaed modulation rule), 1.e., a channel bit length T

e

GB or 27 GB (more exactly, 25.025 GB or 27.0Z0 GB} 1if it is a
single~sided, single-layer disc but has a storage capacity of
50 GB or 54 GB (more exactly, 50.050 GB or 54.040 GB) 1if it is
a single-sided, dusl-layer disc,

(00633 The c¢hannel clock frequency is suppcsed o be 66 MHz
(corregponding to a channel bit rate of 6£.00C Mbit/s; at a
standard BD transfer rate {(BD 1wy, 264 MHz (corresponding to &
channel bit rate of 264.000 Mbit/s) at BD 4x transfer rats,
396 MHz {corresponding to a channel bit rate of 39%6.000

Mbit/s) a2t BD 6x transfer rate, and DZ8 MHz (corresponding to



measured from the light incident surface of the multi-layer disc may be equal to the depth (e.g.,
approximately 0.1 mm) of the only recording layer of a single-layer disc as measured from the light
incident surface. If the depth of the deepest (i.e., the most distant layer)constant irrespective the
numberrecording layers stacked (i.e., if the deepest layer of a multilayer disc is located at substantially
the same distance as the only recording layer of a single layer disc), compatibility can be ens ed in
accessing the e layer, no matter whether the given disc i.s a single-layer one or a multixayer one.
on, even if the number of recording layers stacked increases, the influence of tilt will hardly increase.
This is because _althouih‘tt]e deepest Ia)ée,)r is affe%ted*k/)y ;[ilt rpostD tgq depth o at}he _dgepest layer of a
multilayer dist iS": ifafelythe simeas that 6Fthe’hly Fecording 1ayer of a singlelayer disc, and
does not increase in this case even if the number of recording layers stacked is increased. [0068]As
for the beam spot Moving?direction @whichawil dlsosdse raferred to hérdincds g trackirfg direction” or a
"spiral direction"), the optical disc may be either a parallel path type or an opposite path type. In a disc

of the parallel path- type, the;spot goesdn thesamedirection.on everylayer, ke., from some inner radial
location toward the outer edge of the disc or from some outer radial location toward the inner edge of

the disc on e\é%I: p%esce?cgdltnog L?Q/eéf'&l’? m/sec or 4.554 m/sec. The 2x, 4z, 6x and

Gx linesar velocitles are 9.834 m/seé, 19,668 m/sec, 29%.502
m/seac, and 39.336 m/sec, respectively. A linear wvelocity
higher than the standard linear velccity 1is normally a
positive integral number of times as high as the standard
linear velocity. But the factor does not have to be an
integer but may also be a positive real number. Optionally, a
linear wvelozity that i1s lower than the standard linear
velogity (such as a 0.5x linear velocity) mav alsc be defined.
[G065) It should be noted that these parameters are those
of single-layer or dual-layer BDs already on the market, which
have a storage capacity of @ approximately 25 GB or
approximately 27 GB per layer. To further increase the
storage capacities of BDs, high-density BDs with & storage
capacity of approximately 32 GB or approximately 33.4 GB per
laver and three- or four-layer BDs have already Dbeen

researched and developed. Harszinafter, sxsmplary applications
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[0069]0n the other hand, in a disc of the opposite path type, the spot moving directions are changed
into the opposite one every time the layers to scan are changed from one recording 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 recording layer Li will go from some outer radial location toward the inner edge (which direction
will be simply referred to herein as "inward"), the spot on the recording layer 1.2 will go outward, and
so forth. That is to say, the spot on the recording layer In (where in is eYh r zero or an even number)

will go outwardrbugthe spot on the recording layer Lm+E§ will ga inward,Conversely, the spot on the
. SF | iR FWRERS S s BRREF 7678 or2 such Bls wil]l pe déscyy %a
recording layér Lm f ere m is either zero of an even numbeér) will go inward but the spot on the

recording layerl outward. [0070]As for the thickness of the protve coating (coverto minimize the
influence of spot distortion due to either a decreaseocal lenoth with an increase

<Structure with multiple information recording iayvers>

[0066) For example, suppcesing the optical disc is a single-
sided disc, from/on which information is read and/or written
by having a laser beam incident on the protsctive coating
(cover layer) side, if two or more recording layers need to be
provided, then those multiple recording lavers should be
arranged betwesn the substrate and the protective coating. An
exemplary structure for such a multilayer disc is sheown in T
7. The optical disc shown in FIG., 7 has (n+l) information

recording lavers 502 (where n 1s an integer that 1s egual to

or greater than zero). Specifically, in this optical disc, a
cover layer 501, (n+l) informaticn recording layers (layers Lo

through 0) 502, and a substrate B0O0 sre stacked in this order
on the surface on which a laser beam 50% is incident. Also,
berween e=ach peir of adjacent ones of the [(n+l} infcrmation
recording laye;s 502, inserted as an opitical buffering member
is a spacer layer 503. That i1s to say, the reference layer L0

may be arranged at the deepest level that is located at a
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numerical aperture NA or the tilt, the protective coating may have its th.ickness reduced.A numerical
aperture NA is defined to be 0.45 for a CD, 0.65 for a DVD, but approximately 0.85 for a BD.example,
if the recording medium has an overall thickness of approximately 1.2 mm, the protective coating may
have a thickness of 10 p in to 200 p m.More specifically, a single-layer disc may include a transparent
protective coating with a thickness of approximately 0.1 mo, and a substrate with a thickness of
approximately 1.1 mm. On the other hand, a dual-layer disc may include a protective coating with a
thickness of approximately 0.075 mm, a spacer layer a thickness of approximately 0.025 mm

predetermined depth from the light incident surface {(i.e., at
the greatest distance £rom the light source). Multiple
recording lavers L1, L2, .. and Lm may be stacked one upon the

other from over the reference layer L0 toward the Ilight

[C0&7] In this case, the depth of fthe reference laysr LI as

measured from the light incident surface of the multi-layer

3
4

Q
4]

¢ may be egual to the depth (e.g., approximately 0.1 mm) of

the only recording layer of a single-layer disc as measured

from the light incident surface. If the depth of the despest

lLayer {(i.e., the most distant layer) is constant irrespective

of the number of recording lavers stacked (i.e., if the

deepest laver of a multilayer disc is lcocated at substantially

the same distance as the only recording layer of a single-

7

ayer disc), compatibility can be ansured in accessing the

reference layer, no matter whether the given disc is a single-
layver one or a multilayer one. In addition, even 1f the

number of recording layers stacked increases, the influence of

tilt will hardly dincrease, This is because although !

®

deepest laver 1s affected by tilt most, the depth of the
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substrate with a thickness of approximately And if he disc has three or more recording layers, the
thickness(es) of the protective coating and/or spacer layer could be further reduced. <Configurations
for single- to four-layer discs> [0071]FIGS.8,9,10 and 11 illustrate exemplary configurations for
single-layer, dual-layer, three-layer and four-layer discs, respectively. As described above, if the
distance from the light incident surface to the reference layer LO is supposed to be constant, each of
these discs may have a total disc thickness of approximately 1.2 mm (but is more preferably 1.40 mm
or less if there is a labelprinted) and the substrate 500 may have a thickness of approximately
mm.That is why the distance from the l.ight incident surface to the reference layer LO will be
approximatelj P fith iRy of the eXamiples SROWALIRTIES. iy P HRfHe inglelay@rdisc shown
in FIG. 8 (i.e., if n==0 in FIG. 7), the cover layer 5011 has a thickness of approximately 0.1 mm. In the
dual-layer disgsshemwat indfl G :2:(i.en1if NZ2tdnElGy 7)the-cover layer S9l12-hasathickaess of
approximately 0.075 mm and the spacer layer 5302 has a thickness of approximately 0.025 rnm. And
in the three- I%eg{ F&g shown in FIG, 10 (i.e,if nze2 in EIG. 7) and in the four-layer,disc shown in FIG.
11 (i.e., if n==3In ) the cover layer 5013 5014 and/or cer layer 5303, 5304 may be even

thlnner. S ) o
recording lavers stacked is increased.

i0068] ks for the beam spot moving direction {which will

XY

alse be referred to herein as a “tracking direction” or =a

“spiral direction”}, the optical disc may be eithsr a parallel

-

path type or an cppcsite path type. In a disc of the parallel

path type, the spot goes in the same direction on every layer,

l_n
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1 location toward the outer edge of

the disc or from some outer radial location toward The inner

edge of the disc on every recording layer.

0069) O the other hand, in a disc of the opposite path

type, the spot moving directions are changed inte the opposite

+

one  every time he layvers *to scan are changsd from one
recording laver into an adiacent one. For example, 1f the
spot on the reference laver LT goes from some inner radial
location toward the outer edge {which direction will be simply

raefarred to herein as Coutward”y, then the sgpot on

raecording laver Ll will go from some outer radial location



[00723Such a multlayer disc(i.e.,a disc with k recording e s, where k is an integer that is equal to or
greater than one) may be made by performing the following manufacturing process steps. [0073]First
of all, the k recording layers, from which information is retrievable using a laser beam with a
wavelength of 400 nm to 410 rim through an objective lens with a numeriral aperture of 0.84 to 0.86,
are formed on a substrate with a thickness of approximately 1.' [0074]Next, (k-1) spacer layers are
formed between the recording layers. As for a single-layer disc, k==1 and k.--1= and therefore, no
spacer layers are provided. [0075]Subsequently, a protective coating with a thickness of 0.1 mm or
less is formed on the kth one of the recording layers as counted from the substrate (i.e., the most
distant recordintjdager-from-tiesubsEate! if:a uRlidfstrecording medidmyply referred

e

to herein as “inward”), the spot on the recording layer L2
will go outward, and so forth. That is te say, the spot on
the recording laver Im (where m 1s elther =zerc o©r an aven
number) will go outward but the spot on the recording layer
T+l will go inwaxd. Conversely, the spot on the recording

layer Im {where m 1s either zero cor an even number; will go

inward but the spot on the recording layer Im+l will go

outward.
[(00730] As for the thickness of the protecitive cecating
{caver layer}, to minimize the influence of spot distortion

due to either a decrease in focal length with an increase in
numerical aperture NA or the tili, the protective cqating may
have 1ts +thickneszss reduced. A numerical aperture NA 1=
defined to be $.45 for a CD, 0.%5 for a DVD, but approximately
0,8% for a BD. For example, 1f the receording medium has an
overall thickness of approximately 1.2 mm, the protective
coating may have a thickness of 10 g m to 200 @ m. More

specifically, a single-layer disc may include a transparent

‘protective coating with a thickness of approximately (.1 mm



[0006]In the step of forming the recording layers, when the ith recording layer (where i is an odd
number that falls within the range of one through as counted from the substrate is formed, either
concentric or spiral tracks are made so that the laser beam scans that recording layer from some inner
radial location on the disc toward the outer edge thereof. On the other hand, when the jtfl recording
layer (where j is an even number that falls within the range of one through k) as counted from the
substrate is formed, either concentric or spiral tracks are made so that the laser beam scans that
recording laver from some outer radial location on the disc toward the inner edge thereof. As for a
sing- layer disc, k==1, and therefore, the odd number I that falls withine range &)f one through k must
be one when¥EL 12 aRd Gy Orie tecotding [&yet s provided s tie-Fecording layeF Also’if k1, there is
no even number D that falls within the range of one through k, and therefore, no recording layer is
provided.Optiomally; the dightbean, scanningtdivectioficouldibe oppositésto each otiseitbetiveen an odd
layer and an even layer. [0077]And if the readout power of the laser beam in

coating with a thickness of zspproximately C.075 mm, & spacer

AH

laver with & thickness of approximately 0.025 mm and
substrate with a thickness oI approximately 1.1 mm. And 1f
the disc has three or more recording layers, the thickness{es)
of the protective coating and/or spacer layer could be further

raduced.

<Configurations for single- to four-laver discs>

{0071] FIGS. g, g, i0 nd 11 illustrate exemplar

N

configurations f£or single-layer, dual-liayer, three-layer and
four-layver discs, respsctively. As deszcribed above, if the
distance from the licght incident surface to the reference
layer LO is supposed to be constant, each of these discs nmay
have a total disc thickness of approximately 1.2 mm (but is
more preferably 1.40 mm or less if there is & label printed)
and the substrate 500 mey have a thickness of approximaltely
1.1 mm. That iz why the distance ZIZrom the light incident

~Aom

surface to the reference laysr L0 will be approximately (.1 mm
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reading infermation from an ntl one L(n) of the information recording layers, which are counted
sequentially from one of the information recording layers that is located most distant from the data side
of the information recording medium, is identified by Pw(n), and if the readout power of the laser beam
in reading information from an (n+a)th one L(n+a) of the information recording layers, which are
counted sequentially from the most distant recording layer from the data side of the information
recording medium, is identified by Pw(n=a), and if the base thickness between the information
recording layers 1,(n) and L(n+a) (i.e., the sum of the spacer layers between the information recording
layers L and L(n-Fa.)) is identified by D, then 100xPw(n)/Pw(n+a):a-0.1238xD2-2.772xDd-106.56, and
Pw(n)s1Pw(n+a) &iE satistied, sparereess is aprintdgerfttiat is 8qtial fotor gfeatebthad ¥et6 and a is an
integer that satisfies nei-acf.0 and a00). [0078]A read operation is performed on such a multilayer disc
(i.e., a disc with ferecarding layers, whererkis an integer thatis gqual tg,or greaterthan-ore) by a
reading apparatus that is an apparatus with the following configuration (or the method to be
describedlatey), [0079LThe disgymay Juclyde.  sypstiate. with g inigkness. of appiomately 1.1 mm, k
recording layers on the substrate, klg spacer lavers between‘the recording lavers (there is no spacer
layer in a single-layer disc because k=r1 and therefore k-1=0), and a protective coating with a
thickness of 0:3smfAi'BF fessy6a the 3¢h Teeurding layér a8 colinfed from e substraté (i.6),'most distant
recording layer in a multilayer disc). Tracks are made on each of the k recording layers, and various
kinds of areas candeerassigned-tdcatleastone ohthosestracks. approximately $.075 mm

and the spacer layer B302 has a thickness of approximately

[}
fout
<
;._S
[

3.025 mm. And in the three-layer disc shown in FIG.

if n=2 in FTIG. 7} and in the four-layer disc shown in FIG. 11

{(i.e., 1f n=23 in Fi&. 7}, the cover layer B0OL1l3, 5014 and/cx

the spacer laver 5303, B304 mavy be even thinner.

(00727 Such a multilaver disc {(i.e., a disc with k

recording layers, where k is an integer that is egual to or

greater than one) may be made by performing the following

manufacturing process steps.

[Q0731 First of all, the ¥k reccrding lavers, from which

informatiocn 13 retrievable using a laser Dbeam with a

wavelength of 400 nm to 410 nm through an cbhiective lens with

a numerical aperture of .84 to (.86, are formed on a

substrate with z tThickness of approximstely 1.1 mm.

[00747 Mext, (k-1) spacer layers are formed bhetween the

4o
th



[00801AnNd by irradiating the disc with a laser beam with a wavelength of 400 rim to 410 nm using an
objective lens with a numerical aperture of 0.84 through 0.86 through the surface of the protective
coating, an optical head can read information from any of the k recording layers. [0081]The reading
apparatus includes an irradiating means for irradiating the information recording medium with a laser
beam. The irradiating means irradiates an nth one L(n) of the information recording layers as counted
from the most distant recording layer from the data side of the information recording medium, with a
laser beam having the readout power Pw(n) in reading information from the information recording layer
L(n). And the irradiating means irradiates an (n+a)th one L(n+a) of the information recording layers as
counted from-BeeA st distarerecordin [B5er fror the Hatd ¥fde 8ftHe information recording medium
with a laser beam having the readout power Pw(n+a) in reading information from the information
recording layer Lénta), velrergom ¢s andntegerdhat isvequaladoormgreateizthan zero, and a is an integer
that satisfies n-Fan and aa=0. [0082]Hereinafter, the physical structure of the optical disc 100 will be

deSCHbed“1%Ugﬁgfkﬁa”Subsequentiy, a protective coating with a thickness
of 0.1 mm or less is formed on the k™
layers as counted from the substrate (i.e., the most distant
racording layer from the substrate in & multilayer recording
mediuam) .
{C076] Iin the step of forming the recording layers, when
the 1" recording layer (where i is an odd number that falls
within the wrange of one through k) as counted from the
substrate is formsd, either concentric or spiral tracks are
made so that the laser beam scans that recording laver from
soma lnner radial location on the disc toward the outer edgse
thereof. On the other hand, when ths 1% recording layer
{(where 4 is an even number that falls within the rangs of one
through k) as counted from the substrate 1s formed, either
concentric or spiral tracks are made so that the laser beam
scans that recording layer from some outer radial location on
the disc toward the inner edge therect. ks foxr a singlie-

layer disc, k=1, and therefore, the odd number I tThat
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[0083)FIG. 12 illustrates the physical structure of an optical disc 100 according to this preferred
embodiment.. On the disklike optical disc 100, a lot of tracks 2 are arranged either concentrically or
sAnd each of those tracks 2 is subdivided into a lot of sectors.As will be described later, data is
supposed to be written on each of those tracks 2 on the basis of a block 3 of a predetermined size.
[0084]The optical disc 100 of this preferred embodiment has a greater storage capacity per information
recording layer than a conventional optical disc (such as a 25 GE ED). The storage capacity is
increased by increasing the storage linear density, e.g., shortening mark length. of recording marks to
be left on the optical disc, for example. As used herein, "to increase storage linear dens means
shortening th& eharnet bit |ERgHS whiclh isa IeAgthccorfespoidins toohecyRle tielt ofadeference
clock signal e., a reference cycle time T of modulation in a situation where marks are recorded by a
predeterminedrmedulaton:rie)ding layer is provided as the 1™ recording

laver. Also, if k=1, there 1s no even number 7 that falls

within the range of one through k, and thersefore, no J°

recording layer s provided. Opticnally, the light bean

T

scanning direction could be opposite tTo sach other betwesn an
odd layer and an sven layer.

[0Q77] And 1f the readout power of the lassr besam in
reading information from an n™ one Li{n) of the information
recording lavers, which are counted sequentially from one cof
the information recording lavers that is located most distant
from the data side of the informetion recording medium, 18
identified by Pwin), and 1f the readcut powsr of the laser
beam in reading infeormation from an {(n+a)™ one L{inta) of the
information recording lavyers, which are counted seguentially
from the most distant recording layer from the data gide of
the information recording medium, 1 identified by Pwin+a;l,

and 1f the base thickness betwsen the information recording

layers L(n}) and L{n+a) ({(i.e., the sum of the spacer layers
batwsen the information recording lavers Lin} and Lin+aj)) is
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The optical disc 100 may have multiple information recording layers. In the following description,
however, only one information recording layer thereof will be described for convenience sake. In a ion
where there are multiple information recording lavee same optical disc, even if the tracks have the
same width betwethe respective information recording layers, the storage linear could also be different
from one layer to another varying the mark lengths on a layer-by-layer bas densities uniformly
[0085]Each track. 2 is di deao a lot of blocks every 64 kBbytes), which is the data recording unAnd

identified by D,
then 100%Pwin)/Pwin+tay=-0.1238xD W2,77éxD+306.56, and
Puini=Pwinta) are satisfied,
(where n is an integer that is esgual to or greater than zero,
and a is an integer that satisfies n+a=0 and a#l).
[0078] A read operation is performed on such a multilayer
disc {(i.e., a disc with k recording' layers, where k 1s an
integer that is egual to or grester than one) by a rzading
apparatus that is an apparatus with The following
configuration {or the method To be described latern).
(0079 The disc may include a substrate with a thickness of
approximately 1.1 mm, k recording lavers on the substrate, (k-
i) spacsr lavers betwesn the recording layers {there 1s no
spacer laver in a single-layer disc because k=1 and therefore
k-1=10), and a protective ccating with a thickness of 0.1 mm
or lsss on the k™ recording layver as counted from the
supstrate (i.e., the most distant recording layer in &
multilayer discl. Tracks are made on each of The Kk racording

layvers, and various kinds of areas can be assigned to at least

one of those tracks.
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those blocks are given sequential block addresses.Each of those blocks is subdivided into three
subblocks, each havini a predetermined length (i.e., three subblocks form one blo The three subblocks
are assigned subblock numbers of 0, 1 and 2 in this order. <Storage density> [0086]Hereinafter, the
storage density will be described with reference to FIGS. 13, 14, 15 and 16.  oh the laser beam 123
is supposed to have a wavelength of 405 nm and the lye lens 220 is supposed to have a numerical
ape - re (NA) of 0.85. [0068]As in a DVD, data is also written on the track 2 of

ro080] And by irradiasting the disc with a laser beam with
a wavelength of 400 nm to 410 nm using an objective lens with
& numerical aperture of 0.84 through 0.86& through the surface
of the protective ccating, an  optical head can zsad

information from any of the ¥k recording layers.

[oosl) The reading apparatus includes an irradiating means
for irradiating the information recording medium with a lassr
beam. The irradiating msans irradiates an n* one L{nj of

the information recording lavers as counted from the most

ai

n

rant recording layer from the data side of the information

recording medium with a laser beam having the readout power

Pwin} in reading information from the information recording

layer Li{n). And the irradiating means irradiates an {n+al

sne Lin+az) of the information recording layers as counted

from the most distant recording layer from the data side of

the information recording medium with a laser beam having the

readout  power Pwin+a) in reading information from The

information recording layer Li{nt+a), where u 1s an integ

&
¥g

that is equal to or greater than zero, and a ls an

!‘I
3
ot
[
e}
6]
(&3

that satisfies ntas0 and ast.
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a BD as a series of marks 120, 121 that are produced as a result of a physical variation.The shortest
one of this series of marksbe referred to herein as the "shortest mark". In FIG. 13(a), the mark 121 is
the shortest mark. [0089]In a BE with a storage capacity of 25 GB, the shortest mark 121 has a
physical length of 0.149 pm, which is approximately 1/2.7 of the shortest mark of a EVE. And even if
the resolution of a laser bean is increased by changing the parameters of an optical system such as hc
wavelength (405 mm) and the NA (0.85), this value is still rather close to the limit of optical resolution,
below which recording marks are no longer sensible forlight beam. [0090]FIG. 14 illustrates a state

where a light beam spot has been formed on the series of reoording marks on the track In a BD, the
light beam spo@%@‘has a didkrTeter pFer, the physical structhre o the optical

disc 100 will be described in further detail.

[0083] FIG. 12 illustrates the physical sgstructure of an
optical disc 100 according to this preferred embodiment. On
the disklike optical disc 100, a lot of tracks 2 are arranged
either concentrically or spirally. And each of those tracks 2
is subdivided into a lot of sectors. Az will be described
later, data is supposed to be written on each of those tracks
2 on the basis of a2 block 3 of a predetermined size.

[0084] The opticzal disc 100 of this preferred embodiment
has a greater storage capacity per information reccording layer
than a conventional optical disc (such as a 25 GB BD). The
storage capacity is increased by increasing the storage linear
density, e.g., by shortening the mark length of recording
marks to be left on the optical disc, for example. As used
herain, “to increase the storage linear density” means
shortening the channel bit length, which 1is a length
corresponding to one cycle time T of & reference clock signal

{i.e., a reference cycle time T of modulation in a situation

where marks are recorded by a predetermined modulation rulel).

50



about 0.39 pm, which may vary with parameters of the optical system.If the storage linear density is
increased without changing the structures of the optical system, then the recording marks will shrink
for the same spot size of the light beam spot 30 and the read resolution will decrease. [0091]On the
other hand, FIG. 13(b) illustrates an example of an optical disc with an even higher storage density
than a 25 GB BD.But even for such a disc, the laser beam 123 is also supposed to have a wavelength
of 405 nm and the objective lens 220 is also supposed to have a numerical aperture (NA) of 0.85.
Among the series of marks 124, 125 of such a disc, the shortest mark 125 has a physical length of
0.1115 p m (or 0.11175 p n).Compared to FIG. 13(a), the spot size remains approximately 0.39 p m
but both the reéedrdiilRarksdid tHe htdRal Béflfeci te btk have¥Hruik. A FéSIE the read
resolution will decrease.

layers, Irn the following desgcription, however, only ons

information recording layver therecf will be described for
convenience sake, In & situation where there are multiple

information recording lavers in the same optical disc, ewven if

-t
Ly
6]

tracks have the same widih between the respective
information recording lavers, the storage linear densities
could alse be different from one laver to another by uniformly

varying the mark lengths on a layer-by-laver basis.

[ogss] Each track 2 is divided into & lot of blocks every
84 kB (kilobytes}, which is the data recording unit. And
those blocks are gilven seqguential block addresses. Each of

those klocks is subdivided into thrse subblocks, each having a

predevermined length (i.e., three subblocks form one block).

The three subblocks are assigned subblock numbers of 0, 1 and

2 in this order.

<Storage density>

[0Ggs] Hereinafter, the storage density will be described

with reference Lo FIGS. 13, 14, 15 and 16.
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[0092]he shorterrecording mark, the smaller 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 is
called a "spatial frequency" and 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 almost linearly.And the retrievable limit frequency at which the amplitude of the signal goes
zero is called an OTF cutoff.

10087 FIG. 13fa) illustrates an example of a 25 GB BD, for
whiich the laser beam I23 is supposed o have a wavelength of
405 nm and the objective lens 220 1is supposed to have 2
numerical aperture [NA} of (.85,

[0088] As in a DVD, data is a2lso written on the track 2 of
a BD as & series of marks 120, 121 that are produced &3 a
result of a physical wvariation. The sghortest one of this
series of marks will be referred to herein ag the
mark”. In FIG. 13{a}), the mark 121 is the shortest mark.
[COBO} In a BD with a storage capacity of 23 GB, the
shortest mark 121 has a physical length of 0.345% um, which is
approximately 1/2.7 of the shortest mark of a DVD. And even
if the resolution of a2 laser beam Is increased by changing
the parameters of an optical system such as the wavselength
{405 nm) and the NA (0.85), this value 1s still rather close
o the limit of optical resclution, below which recording
marks are no longer sensible for the light beanm.

[GOS0] FIE., 14 iliustrates a state whare 2 light beam spot
has been formed on the series of recording marks on the

travk. In a2 BD, the light besam spot 30 has a diameter of

[
2



[0093]FIG. 15 is a graph showing how the OTF of a RD with a storage capacity of 25 GB changes with
the shortest recording mark length. The spatial frequency of the shortest mark on a BD is
approximately 80% of, and is rather close to,the OTF cutoff frequency.It can also be seen that a read
signal representing the shortest mark has amplitude that is as small as approximately 10% of the
maximum detec amp litThe storage capacity at which the spa frequency of the shortest mark on a BD
is very close to the OTF cutoff frequency (i e., the storage capacity at which the read signal has almost
no amplitude)corresponds to approximately 1 GB in a BD. When the frequency of the read

51represent|n% the shogtgs’sﬂr{nar‘% cjgcr;ne%%osgatgy or iy parameters of the optical

systam. If the storage linear density is increased without
changing the structures of the optical system, then the
racording marks will shrink for the same spot size cf the
light beam spot 30 and the read resolution willi decrease.

fooel] On tThe other hand, FIGE., 13(b) illustratss an example
of an optical disc with an even higher storage density than a
25 GB RBD. Bur even for such a disc, the lasser beam 123 is

also supposed to have a wavelength of 405 nm and the oblective

Hh

lens 220 is alsc supposed to have a numerical aperture ({NA) ©

o]
[e4)
7]

hmong the series of marks 124, 1253 of such a disc, the
shortest mark 128 has a physical length of 0.1113 P m (ox
0.11175 Y m). Compared to FIG. 13{(a}, the spot size remains
approximately 0.39 § m but both the recording marks and the
interval between the marks have shrunk. As a result, the read
resolution will decrease.

ro0ez] The shorter a recording mark, the smaller the
amplituds of a read signal to be generated when the recording

mark is scanned with a light beam. And the amplituce goes

zerc when the mark lengtih gets egual to the

=



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. [0094]That is why the high storage density optical disc shown in G. 13(b) would
have storage linear density defined by the frequency of the read signal representing the shortest mark,
which may be in the vicinity of the OTF cutoff frequency (' e., it is lower than, but not significantly lower
than, the OTr cutoff frequency) or higher than the OTT cutoff frequency. [0095]FIG. 16 is a graph
showing how the signal amplitude changes with the spatial frequency in a situation where the spatial
frequency of the shortest mark F(%T) is, higher than the OTT cutoff frequency and werg, the 2T read
signal has zer6&mphitdde. In FIG 16 - the &p&tial fFeqiency of the shortest mark 2T is 1.12 times as
nigh as the OTT cutoff frequency. <Relation between wavelength, NA and mark length> [0096]An
optical disc Brwithrhitghostorage:density needsad satisfy e folfoin§iefatfsirbetwéén thé wavelength,
the numerical aperture, and the mark/space lengths. :

relation Dopetween the spatial freguency and the signal
amplitude is called an “optical transfer function (OTEY”. As
the spatial freguency rises, the signal amplitude decreases
zlmost linsarly. And the retrievable Ilimit Ireguency at
which the amplitude ¢f the signal goes zero 1s called an OTF
cuteff.

f0093] ¥iG. 15 is a graph showing how the OTF of a BD with
a storage capacity of 25 GB changes with the shortest

recording mark length. The spatial freguency of the shortest

mark on a BD is approximately 80% of, and is rather close to,

signal representing the shortest mark has amplitude that is
as small as spproximately 10% of the maximum detectable
amplituds. The storage capacity at which the spatial
fraguency of the shortest mark on & BD is very close to the
OTF cutoff freguency (i.e., the sterage capacity at which the

read  signal hag almest no amplitude!} COXresponds Lo

approximateiy 31 GB in a BD. When the freguency of the read
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[0097]Supposing the shortest mark length is TM nm and the shortest space length is TS nm, the sum
P of the shortest mark and the shortest space length is (TM-FTS) nm.In the case of 17 modulation, P =
2T + 2T = 4T.Using the three parameters of the wavelength 2 of the laser beam (which is 405 nm.5
nm,in the range of 400 nm to 410 nm), the numerical aperture NA(which is 0.85 0.01, i.e., in the range
of 0.84 to 0.86) and the sum P of the shortest mark length and the shortest space le (where
P==.21-b21=4T in the case of 17 modulation, in which the shortest length is 21), if the unit length |
decreases to the point that the inequality 2/2NA

signal representing the shortest mark comes close to, oOr
exceeds, the OTF cutoff £frequency, tThe limit of optical
resolution may have been reached or even surpassed for the
laser bsam. As a result, the read signal comes to have
decreased amplitude and the SNR drops steeply.

F0094] That 1s why the high storage density optical disc
shown in FIG. 13{b} would have its storags Jlinsar density
defined by the freguency of the resad signal representing the
shortest mark, which mav be in the vicinity of the OTF cutoif
frequency (i.e., it is lower than, but not significantly lower

cutoff freguency) or higher than the OTF cutoff

ra}

than, the OT

freguency.

{'1“]

(00857

IG. 16 is & graph showing how the signal amplitude

changes with the spatial frequency in & situation where the

spatial freguency of the shortest mark (2T) is higher than the

OTF cuteff freguency and where the 27 read signal has zero

ampiitude. In FIG. 16, the spatizl freguency of ithe shortest

mark 2T is 1.12 times as high as the OIF cutofi frequency.

<Relation betweesn wavelength, NA and mark lengih>

ta
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is satisn the spatial frequency of the shortest mark exceeds the OTF cutoff frequency. [0098]If NA =
0.85 and 2 =405, unit length T corresponding to the OTF cutoff frequency is calculated by Tr---405/ (2
X0.85)/4=-59.558 nm (Conversely,P > X /2NA is satisfied, then the spatial frequency of the shortest

mark becomes lower than the OTF cutoff frequency). [0099]As can be seen easily, just by increasing
the

[9096; An optical disc B with high storage density needs to
satisfy the following relation between the wavelength, the
numerical aperture, and the mark/space lengths.

(0097] Supposing the shortest mark length.is TH rom andlthe
shortest space length is T8 nm, the sum P of the shortest mark
length and the shortest space length is ({TM+TE} nm. In the
case of 17 modulation, P = 2T + 2T = 4T, Using the three
parameters of the wavelength A4 of the laser beam (which 1s
405 nm* % nm, i.e., in the range of 400 nm to 410 nm), the
numerical aperture NA (which is 0.83 £ 0.01, i.e., in ths
range of 0.84 to 0.86) and the sum P of the shortest mark
length and the shortest space length (where P=2T12T=4T in
the case of 17 modulation, in which the shortest length is 2T},
if the unit length T decreases to the point tThat the

inequality

is satisfisd, then the spatial freguency of the shortest mark
excaeds the OTF cutoff frequency.
00498 Tf NA = 0.85 and A = 405, +then the unit length T

corresponding to the OTF cuteff freguency is calculated by



storage -near density, the SNR. would decrease due to the limit of optical resolution- That is why if the
number of information recording layers per disc were increased excessively, then the decrease in SNR
might be an impermissibledegree,consideringsystemmarg Particularly around a point where the
frequency of the shortest recording mark exceeds the OTF cutoff frequency, the SNR will start to
decrease steeply. [0100]In. iine foregoing description, the storage density has been described by
comparing tne frequency of the read signal representing the shortest mark to the OTF cutoff
frequency. However, if the storage density of BDs is further  eased, then the storage density (and
storage linear density and the storage capacity) can be defined based on the same principle as what
has Dust been describéd by/refe eﬁ%é 16 The refatioibetween the frequency of the read signal
representing the second shortest mark (or the third shortest mark or an even shorter recording marl()
and the OTF c¢utoff-fregriency. KStarage teM@ity and ngmibes Diddyersden the spatial

frequency of the shortest mark becomes lower than the OTF
cutoff freguencyj.

[009%] As can be seen easily, Jjust by increasing the
storage linear density, the SNR would decrease due te the
limit of optical resclution. That is why 1f the number of
information  recording layers per disc were increased
axcessively, then the decrease in  SNR  might be an
imparmissible degree, considering the system margin.

=y

rly around a point where the freguency of the
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shortest recording mark excesds the OTF cutoff frequency, the

SNR will start to decrease steeply.

[0100] In the foregoing description, the storage density

has been described by comparing the fregquency of the read

signal representing the shortest mark to the OFF cutoff

frequency. However, if the storage density of BDs Is further

increased, then th

]

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 rsference to



[0101]A BB, of which the specifications include a wavelength of 405 m and a numerical aperture of
0.85, may have one of the following storagecapacities per layer. Specifically, if the spatial frequency of
the shortest marks is in the vicinity of the OTF cutoff frequency, the storage capacity could be
approximately equal to or higher than 29 GB (such as 29.0 GB.0.5 GB or 29 GBrtl GB), approximately
equal to or higher than 30 GB (such as 30.0 GB0.5 GB or 30 GB.-r1 GB), approximately equal to or
higher than 31 GB (such as 31.0 GB 0.5 GB or 31 GB 1 GB), or approximately equal to or higher
than 32 GB (such as 32.0 GBdc0.5 GB or 32 GB1h1 GB). 1010210n the other hand, if the spatial
frequency of the shortest marks is equal to or higher than the OTFE cutoff frequency,the storage
capacity per [&¥@r cbaldbéBpprSkiftEiBly éqdal toSrigheY tharr 32'CB (shthas 329°6B. 0.5 GB or
32 GBCC1 GB), approximately equal to or higher than 33 GB (such as 33.0 GB.M0.5 GE or 33 GBffl
GB), approximatelyequalto ortigherthan 33.3:GBs(suchds 33:3 GBH.5:GBor 33:3GBdf1 GB),
approximately equal to or higher than 33.4 GB (such as 33.4 df 0.5 GB or 33.4 GB 1 GB),

approximately egual o or:higher.than 34 GB (such.as 34.0,:6B0,5 GB10r:34 GB:M1GBY or
approximately equal to or higher than 35 GB (such as 35.0 GB0.5 GB or 35 GBdol GB). [0103)In this

case, if the storage density per layer is
freguency.

<Storage density and number of layers>

(03101 A Bp, of which the specifications include &
wavelength of 405 m and a numerical aperture of 0.85, may have
cneg @I the following storage capacities per  layer.
Specifically, if the spatial freguency of the shortest marks
is in the vicinity of the OTF cutecff frequency, the storage
capacity could be approximetely equal to or higher than 2% GB
‘such as 28.0 GBLT 0.5 6B or 2% GBZX1 GB), approximately equal
to or higher than 30 GB (such as 30.0 GBXZO0.5 GB or 30 GRT
GB), approximately egual to or highex than 31 GB (such as 31,0

GB 0.

[$3]

GB or 31 GB T 1 GRBY, or approximately egual to or

GB or 32 GBIl GB).

[ 3]

nigher than 32 GB (such as 32.0 GBXG.
(0102] On the other hand, if the spatial freguency of the
shortest marks is equal to or higher than the OTF cutoeff

frequency, the storage capacity Der layer could  be
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33.3 GB, an overall storage capacity of approximately 100 GB (more exactly, 99.9 GB) is realized by
the three recording layers combined. On the other hand, if the storage density per layer is 33.4 GB, an
overall storage capacity that is more than 100 GB (more exactly, 100.2 GB) is realized by the three
recording layers combined. Such a storage capacity is almost equal to the capacity in a situation
where four recording layers, each having a storage density of 25 GB, are provided for a single BD. For
example, if the storage density per layer is 33 GB, the overall storage capacity is 33 X 3=-99 GE,
other hand, if the storage density per layer is 34 GB, the overall storage capacity 13 34 X3==102 GB,
which is 2 GB (or less) larger than 100 GB. Furthermore, if theﬁstﬂora%e densi'gby gﬁr !,338%155 33.3GB,
the overall StBF&GE CHPaAkTY s FE8X3 T CB WHIGH is 6Aly 01 GB (0itkds) $malfe106°'GB. And if the
storage density per layer is 33.4 GB,overall storage capacity is 33.4X3100.2 GB, which is just 0.2 GB
(or less) largeér. thare1@a GB. [6:.64]1t Should:be motédathat if thestdrage densibpinere ifiefeased
significantly, tnen it would be dirrcult to perform a read operation accurately because the shortest
marks should;ge sgad ynder rather severe.congitions, That iswhy acgalisti-staragesdensity that would
realize an overall storage capacity of 100 GB or more without increasing the storage density too much

would be approximately 33,4 GB .zl"'égggr. £C§%g5]Lr?3thg% Sggle,atgesoﬁtgcaégi%cemgy u,hﬁavgxeither

equal to or higher &

[y
La)
[

GB--1 GB), approximately equal to or higher than 33.4 GB
fsuch as 33.4 GBX0.5 GB or 33.4 GB =X 1 GB), approximately
equal to or higher than 34 GB (such as 34.0 GBX0.5 GB or 34
GB1 GR} or approximately eqgual to or higher than 35 GB (such
as 35.0 GB=0C.5 GB or 35 GBZ1 GB).

[61063] In this case, 1f the storvage density per layer is
33.3 GB, an overall storage capacity of approximately 100 GB
(more exactly, 99.9 GB} is reallzed by the three recording

oy

layers combined, On the other hand, 1f the storage density
per laver ls 33.4 GE, an‘overall storage capaclty that is more
than 100 GB (more exactly, 100.2 GB) is realized by the three
recording layers combined. Such & storage capaclty is almost
equal to the capacity in a situation where four recording
layers, each having a storage density of 25 GB, are provided

for & single BD. For example, 1f the storage density per

layer is 33 GB, the overall storage capacity is 33X 3=99 GE,
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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 recording 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 light will also he produced from those layers (i.e., the read signal obtained
from each recording 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 layer is adopted instead of a
four-layer disc with a storage density of 25 GB per layer, then an overall storage capacity of
approximately 100 GB will be realized by the smaller number of layers (i.e., three instead of four) with
the influence 6 stich stray Hight mirfifizedt ThEFTS whlE-dRE marifadtirerwho'd fike o fealize an
overall storage capacity of approximately 100 GB while minimizing the number of recording layers
stacked would:preferathteedadyettdiscswithzarstotage density of 38:834 GBypetJaydl. Ohthe other
hand, a disc manufacturer who'd like to realize an overall storage capacity of approximately 100 GB
using the coryenfional lumatas iLis,0.8..2 starage densityof 25 SRpetiayer) soud 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 usin%mutgally different structures, and, and therefore, are afforded an
increased dedfee of fldkibiity iri disc design. [0106fAItMHatively: if the storage density per layer is

per layer is 32.3 GB, the overall storage capacity 1s 33.32X3

Wy

.9 GB, which is only 0.1 GB (or less) smaller than 100 GB.

and if the storage density per layer is 33.4 GB, the overail

storage capacity is 33.4 X 3=1006.2 GB, which is Just 0.2 GB
{or less) largesr than 100 GB.
(01041 It should be noted that 1f the storagse density were

increased significantly, then it would be difficult to perform

1l
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ccurately because the shortest marks should

e read under rather severe conditions. That is why a

realistic storage density that would realize an overall

storage capacity of 100 GB or more without increasing the

storage density too much would be approximateily 23.4 GB per

lavyer.

1610351 In this case, the optical disc may have either a

four-layer structurs with a storage density of 25 GB per layer

or a threse-layer structure with a storage density of 33-34 GB
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in the 30-32 GB range, the overall storage capacity of a three-layer disc will be short of 100 GB (i.e.,
approximately 90-96 GB) but that of a four-layer disc will be 120 GB or more. Among other things, if
the storage density per layer is approximately 32 GB, a four-layer disc will have an overall storage
capacity of approximately 128 GB, which is the seventh power of two that would be processed easily
and conveniently by a computer. On top of that, compared to the overall storage capacity of
approximately 100 GB realized by a three-layer disc, even shortest marks could also be read under
less severe conditions. [0107]That is why when the storage density needs to be increased, a number
of different storage densities per layer (such as approximately 32 GB and approximately 33.4 GB) are
preferably offeféd as¥fdltiple optibfs s6tHEEA disc AsItactier ¢t Besighes Bist moréflexibly by
adopting one of those multiple storage densities and any number of recording layers in an arbitrary
combination. £0¢ example; e mariifagturer sho'd tiketezincreagesthemoveratkstorage capacity while
minimizing the influence of multiple layers stacked is offered an option of making a three-layer disc
with an overall stotpa. cagaaiy, of approdiataly 100 G by siacking Ihieg recording layers with a
storage density of 33- 34 GB per layer. On the other hand, a manufacturer who'd like to increase the
overall storage capacity while minimizing the impact on read performance is offered an option of
making a fourtidyer #isc Witheahn verll Sthrage*¢apadify Srapproximatel] 126°GB orifidTé by stacking
four recording layers with a storage density of 30-32 GB per layer. [010E1 As described above, an
information recording nrediuardcedrding toithe presefit mvention isecmultitayer énfermation recording
medium including a number of information recording layers on which information is stored. At least one
of those information-tecording, layers uses differentreadoyt powerto.read infarmation than the other
information recording layers. And a base thickness between each pair of adjacent ones of the
information reco[ging layers is, equal to or greater than a predetermined thickness. (01091 in one
preferred emBOGiment 118 base thickness is & fRickness at which the“intéisity 61 ightdécreases to a
predefined degree or more due to aberration. '01101Another information recording medium according
to the presenfiv@htiéh inchudessatieastthrastinfermaticn fecbrding Layers: tftcereadott power of a
laser beam in reading information from an 1-17-fl one L(n) (where n is an integer that is equal to or
greater than zgrg) ot thedpfarmatign-recording layerswhich are ceuntedrsequantiaky =11

storage capacity of approximately 100 GB will be realized by
the smalier number of layers {i.e., thres instead of four)
with the influence of such stray Llight minimized. That is why
a disc manufacturer who'd like to realize an overalil storage
capacity of approximately 100 GB while minimizing the number

of recording lavers stacksd would prefer a thres-layer disc

with a storage density of 33-34 GB per laver. On the other
hand, & disc manufacturer who'd like to realize an overall
storage capacity of  approximately 100 GB  using the
conventicnal format as it is {i.e., = storage density of 25 GB

per layer) could choose & four-layver disc with a storage
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on one of information recording layers that is located most distant from the data side of the information
recording medium, is identified by Pw(n), and if the readout power of the laser beamreadin.o”
information.from an (n+a)th one L(n+a) of the Information recording layersidentified by Pw(n+a) (where
a is an integer that satisfies n a:140 and a)00), then a base thickness between each pair of adjacent
ones of the information recording layers is determined so that the intensity of the light when the
information recording layer L(n+a) is irradiated with a laser beam having the readout power Pw(n)
becomes equal to or lower than that of the light when the information recording layer L(n+a is

irradiated with a beam having the readout power Pw(n+a) (0111]stillanotherinformationrecordmedium
density of 3 GB per laver. In "his manner, manufacturers

with different needs could achieve their goals using mutually
different structures, and, and therefore, are afforded an
increased degree of flexibility in disc design.

[0106] Alternatively, 1if the storage density per layer is

three-layer disc will be short of 100 ©B (l.e., approximately
90-96 GBY but that of a four-layer disc will be 120 GB or mors.
Among other things, 1f the storage density per layer is
approximately 32 GB, a four-layer disc will have an overall
storage capacity of approximately 128 GB, which is the seventh

power of two that would be processed easily and convenlently

£ 3

by a computer. On top of thet, compared

ot

o the overall
storage capacity of approximately 100 GB realized by a three-

layer disc, even shortest marks could also be read under less

(01973 That is why when the storage density neegs to be

increased, a number of different storage densities per layer

{such as approximately 32 GB and approximately 23.4 (B} are

praferably offered as multiple options so that a disc



according to the present invention includes at least three information recording the readout power of a
laser beam in reading information from an nth one "An) (where n is an integer that is equal to or
greater than zero) of the information recording layers, which are counted sequentially from one of the
information recording layers that is located most distant from the data side of the information recording
medium, is identified by Pw(n), and if the readout power of the laser beam in reading information from
an (ni-a)th one L(n+a) of the information recording layers is identified by Pw(n+a) (where a is an
integer that satisfies n+ a L-0 and a#0), and if the base thickness between the information recording
layers L(n) and L(n+a) is identified by 0, then the information recording medium satisfies
100><Pw(n)/PHRERT E0 1238%B2- 2 575%D 5106556, UHE PVt AT=Awin£4). fiIATYaliig method
according to the present invention is a method for reading information from the information recording
medium descsibed-abeve. The: mathed includeg¢he dteps of:drradiatihg tevinforeméation reéording layer
L(n) with a laser beam having the readout power Pw(n) in reading information from the information
recording laver L), ang irradiating: the.information.recording:layer 1.(neaq with: a-laser, beam having
the readout power Pw(n+a) in reading information from the information recording laver L(n+a). [0113]A
reading apparatus according to the present invention i§ an appa[%us for reading inLoOr@a%tieon from the
information ré€oHAfrtFediam §88cibed HBove” “The Aphartis includes an irradiating section for
irradiating the information recording medium with a laser beam.The

capacity while minimizing the influence of multiple layers

stacked is offered an option of making a th;eewlayer disc
with an overall storags capacity of approximately 100 GB by
stacking three recording layers with a storage density of 33-
34 GB per layer. On the other hand, a manufacturer who'd
like to incresase the overall storage capacity while
minimizing the impact on read performance isg offered an
option of making a four-layver disc with an overall storage
capacity of approximately 120 GB or more by stacking four

recording layers with a storage density of 30-32 GB per layer,

103087 As described above, an information recording medium
according to the present invention 1s a multilaver
information recording maedium including a numoer of

information recording layers on which information 1ls stored.
f those information recording layers uses

At least one of

different readout power to read information than the other



irradiating section irradiates the infoilaation recording layer L(n) with a laser beam having the readout
power Pw(n) in reading information from the information recording layer t(n):-Fhe-irrachating
irradiates the information recording layer L(n4a) with a laser beam having the readout power Pw(n+a)
in reading information from the information recording layer L(n+a). [01141An information recording
medium making method according to the present invention is a method of making an information
recording medium with k information recording layers (where k is an integer that is equal to or greater
than three). The method includes the steps of: forming the k information recording layers, from which
information is retrievable using a laser beam with a wavelength of 400 nm to 410 nm through an
objective lensiwifls EraGHEHCAPARERURS of6.82716°0.8676h & stB&fate Witl W Hickresd6r 1.1 mm:
forming (k-1) spacer layers between the information recording layers; and forming a protective coating
with a thickness of 0.2:mm or fess orethenkth one of thé inforenatiod secerding layerscas totinted from
the substrate. The step of forming information recording lavers includes: making either concentric or
spiral tracks on.gne of twogroups of the information recording Jayers.tiat,ave eites addspumbered or
even-numbere(jﬁas counted from the substrate so that the laser beam scans that group of information
recording layers from some outer radial location on the information recording medium toward the inner
edge thereof; ARd%aking fth& EorETiAL TF Spiar ratREon the Bthar §Foup of the information
recording layers that are either even-numbered or odd-numbered so that the laser beam scans that
group a thicknesss at ofvinfoimation recordinirlayers fiomisonieniieryadialfocation on the
information recording medium toward the outer edge thereof. If the readout power of the laser beam in
reading informationfrom.an st one.L () (where f.is an integer-thatds equal to or greater than zero) of
the information recording layers, which are counted sequentially from one of the information recording
layers that is located most distant from the data side @‘etggzgtc%rmagggingrgordLré% mediym, is identified
by Pw(n), and if'the readout’ Bower of the 486t beam in reading information from an (n+a)th one
L(n+a) of the information recording layers, which are counted sequentially from the most distant
information recording tayerfroni the date sidé bt tHeéwiforiiation ¥8EordimicEmedith? F83deftified by
Pw(n+a) (where

recording layers. Tf the readout power o©f a ilaser Dbeam in
reading information from an n ane  Liin) (where n 1z an
integer that is egual to or greater than zerc) of the
information recording layers, which are counted seguentially
from one of the information recording layers that 1is located
most distant from the data side of the information recording
medium, is identified by Pwin), and if the readout power of

. . G o Ly th
the laser heam in reading information from an (nta) one

L(n+a) of the information recording layers is identified by

Y
s

Pwin+a) (where a 1is an integer that satisfles n-+a 0 an
a#(), then a base thickness between each palr of adjacent ones

of the information recording layers 1s determined sco that the
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a is an integer that satisfies nd-a."0 and a#0), and if the base thickness between the information
recording layers L(n) and 1_,(n+a) is identified by O, then the information recording medium satisfies"
100xPw(n)/Pw(n+a)-0.1238xD2-2.772xD+106.56, and Pw(n),5Pw(n+a). 101151An optical recording
medium according to the present invention is a multilayer optical recording medium including number
of recording layers on which information is stored. In this recording medium, different readout powers
are used for either all, or only some, of its recording layers, and a base thickness between each pair of
adjacent recording layers is set to be equal to or greater than a predetermined thickness. [0116]In
oneerred embodiment, the base thickness between eaché)glr of recordlr:]g ¥ers may be a thickness

at which the |ﬁf§f?é"tt§ﬂnﬁ’llg‘ﬁf debreased s a'Predefiiéd d I"3F hidre dUe to abarration. [0117]In
another preferred embodiment, the base thickness
Lin+a) is irradiated with 2z laser beam having the readout

power Pw{n! becomes egual to or lower than that of the light
when the information recording layer Lin+a} is irradiated with
a2 laser beam having the readout power Pw(n+a).

roiiil 5tiil another information recording medium
sccording to the present invention includes at least thres
information recording lavers. If the readout power of a laser
beam in reading information from an n™ one L{n) {whers n is
an integer that is egual to or greater than zero) of the

information recording layers, which are counted sequentially

f-’-

from one of the information recording layers that is located

most distant from the data side of the information recorcind

medium, is identified by Pw(in), and 1f the readout power of
. b G R
the laser beam in reading information from an (nta) one

Lin+a) of the information recording layers is identified by

Pw(n+a) (where a is an integer that satisfies n-ta

a#0), and if the base thickness Dbetween the information

recording layers L(n) and L(nta) is identified by D, then th

M

information recording medium satisfies



between each pair of recording layers is determined so that if readout power for an -11 one 1(n) of the
recordiavers  Pw(n), the intensity of light at an (n+a)th one of the recording-tayers-becomes-eg
readout power Pw(n+a) for the (n+a)th layer L(n+a), where n is an integer that is equal to or greater
than zero and a is an integer that is equal to or greater than 0-n, [0118]In an alternative preferred
embodiment, the base thickness between each pair of recording layers is determined so that if readout
power for an ntfl one L(n) of the record layers is Pw(n), the intensity of light at an ( a)th one of the
recording layers becomes equal to or lower than readout power Pw(n+a) for the (n+a)th layer L(n a),
where n is an integer that is equal to or greater than zero and a is an integer that is equal to or greater
than 0-n. [0119]In a I94diRy Mmetisd ateording ke presént inveRtohikhéh a Aidtilayer recording
medium including number of recording layers on which information is stored is scanned, different
readout powers are wsed far sither gl, or only some, of those recordin.g layers, and readout power for

each recording layer is determined based on information about a base thickness between each pair of
adjacent ones i‘Hlﬂi@}

A reading method accerding to the present invention

is a method for reading information from the dinformation
recording medium described above. The method includes the
steps o©f: irradiating the information recording layer Li{n)
with a leser beam having the readout power Pw(n; in reading

information from the informatlion recording layer L(n); and

irradiating the information recording layer Linta; with a
laser beam having the readout power Pwin+a) in reading
information from the infermation recording layer Lin+a).

{0113] A reading apparatus according  to  the present
invention is an apparatus for reading information from the
information recording medium described above. The apparatus
includes arn irradiating saction for irradiating the
informaticon recording medium with a laser bean. The
irradiating section irradiates the information recoxding laver
Liny with & laser besm having the resadout power Pwin) in

reading information from the information recording layer L(nj.

The irradiating section dirradiates the information recording
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recording layers. [0 O]in one preferred embodiment, readout power for each recording layer is
determined so that if readout power for an oneof the recording layers is Pw(n), the intens of light at
anone of the recording layers becomes equal to readout power Pw(n+a) forlayer L(n+a), where n is an
integer that is equal to or greater than zero-and a is an integer that is equal to or greater than 0-n.
[0121]In an alternative preferred embodiment, readout power for each recording layer is determined so
that if readout power for an nth onel of the recording layers is Pw]r), the intensity of light at anCO one
of the

Layer L{n+a) with a laser beam having the readout power
Pwin+a}) in reading information from the information recording
layer Liin+a).

o114, An  information recording medium making mathed
according to the present invention is & method of making an
information recording medium with k  information recording
layers {(where k is an integer that is equal to or greater than
three). The method includes the steps of: forming the Kk
information recording layers, from which information is
retrievaple using & laser beam with a wavelength of 400 nm to
470 nm through an objective lens with a numerical aperture of
G.84¢ to 0.86, on a substrate with a thickness of 1.1 mw
forming {k-1) spacer laysrs between the information recording
layers; and forming a protective coating with a thickness of
0.1 mm or less on the k™ one of the information recording
layers as counted from the substrate. The step of forming

information recerding layers includes: making either

et
oy
&

concentric or spiral tracks on one of two groups of

information recording layers that are either odd-numbered or

even-numbered as counted from the substrate so that the laser
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recording layers becomes equal to or lower than readout power Pw(n+a) for the (nma) th layer t(n+a),
where n is an integer that is equal to or greater than zero and a is an integer that is equal to or greater
than 223In performing a read operation on a multilayer recording medium including a. number of
recordinc layers on which information is stored, a reading apparatus according to the present invention
uses different readout powers for either all, or only some, of those recording layers, and determines
readout power for each recording layer based on information about a base thickness between each
pair of adjacent ones of the recording layers. [0123]In one preferred embodiment, readout power for
each recording layer is determined so that if readout power for an nth one L(n) of the recording layers
is Pw(n), the fitefisi§erfight A8 an AR Bhe 6 FéCHUNgIaTErS bBEomEd Bgual tdfeadout
power Pw(n-Fa) for the (n+a)th layer L(n+a), where n is an integer that is equal to or greater than zero
and a is an integer thaids egitad #0 or greaterthan @ie information recording medium

toward the inner edge thereof; and making either concentric or
spiral tTracks on the other group of the information recording
layers that are either even-numbersd or odd-numbered sc that
the laser beam scans that group of information recording
lavers from some inner radial location on tine information
recording medium toward the outer edge thereof. If the
readout power of the laser beam in reading information from an

2™ one L(n) (whers n is an integer that i:

i
{
£
o
i)
],4 =3
¢t
[
8]
e

greater than zero) of the information recording layers, which

are counted seguentially

t

rom one of the information recording
lavers that is located most distant from the data side of the

-

information recording medium, is identified by Pwin), and if

mi

the readout power of

by

he laser beam in reading information

from an (n+a)® one Lin+a) of the infermation recording

ot

layers, which are counted segquentially from the most distant
information recording layer from +the data side oI the

information recording medium, is identifisd by Pwin+a)} (where

a is an integer that satisfies n-ta=0 and a#0), and if the
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[0124]In an alternative preferred embodiment, readout power for each recording layer is determined so
that if readout power for an nth one L(n) of the recording layers is the intensity of light-an-(n+a)th-ore
of the recording lavers becomes equal to or lower than readout power Pw (r, a) for rlaver L(rnea),
where n is an integer that is equal to or greater than zero and a is an integer at is equal to or greater

than 0-n.
base thickness between the information recording layers L{n)
and L{n+a) is identified by D, then the information recording

medium satisfies

100%Pwin) /Pwinta) 2-0.1238%xD°—2,772xD+106.56, and

{01157 &n optical recording medium according to the
present inventilon is a multilayer optical recerding medium
including & number of recording layers on which information
is stored. In this recording medium, different readout powers
are used for either all, or only some, of its recording
layers, and a base thickness between each pair of adjacent
recording lavyers is set to be egual to or grsater than &
predetermined thickness,

6116} in one prefervred embodiment, the bhas thickneass

n

between each pair of recording layers may be a thickness at

which the intensity of light decreases to a predefined degree

[0117] In another preferred embodiment, the base thickness

between each pair of recording layers is determined so that

]..!
b

readout power for an n™ cne L(n) of the recording layers

69



INDUSTRIAL APPLICABILITY [0125]Using a recording medium according to the present invention,
data stored there will never deteriorate even if an unintentional layer-to-layer jump has happened. That
is why such a recording medium can be used particularly effectively in an optical disc system that uses
a multilayer recording medium. REFERENCE SIGNS LIST [01261 LO, Li, L2, L3, L4, LS, L6,
L7recording layer to, t1, t2, t3, t4, t5, tébase thickness between each pair of adjacent ones of the
information recording layers Pw0, Pwl, Pw2, Pw3 readout power

is Pwin), the intensity of light at an (n+a)™ one of the
recording layers becomes egual to readout power Pwi{nta) fox
the (n+a)™ layer L(n+a), where n is an integer that is equal
to or greater than zerc and a is an integer that is egual to

or greater than 0-n,

ey
(o]
bt
pt
e}
[

In an alternative prefervaed embodiment, the base
thickness between each palr of rscording layers is determined

th

so that if readout power for an n™ one L{n) of ths recording

Y one of

layers is Pw(n), the intensity of light at an {nntra)
the recording lavers becomes egual to or lower than readout
sower Pw(nta) for the (n+a)™ layer Lin+a), where n 1is an
integer that is egual to or greater than zero and a 1s an
integer that 1ls egual to or greater than 0-n.

[011%] in a reading method according to the present
invention, when a multilayver recording medium including a
number of recording layers on which information is stored is
scanned, diffarent readout powers are used for elther all, or
only some, of those recording layers, and readout powser for
sach recording layer is determined based on information about

2 base +thickness between each pair of adjacent cnes of the
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100 recording medium 400 reading apparatus 402 optical pickup 403 semiconductor laser control

section 404 servo processing section 405 read signal processing section 406 central processing unitU
section

"

recording layers.

[ol

o

01 In ong preferred embodiment, readout power for =ach

recording laver is determined so that 1f rsadout power for an

n™ cne L{n) of the recording layers is Pwi(n), the intensitcy
of light at an ‘n+a}™ one of the recording layers becomes

e

equal to resadout power Pw(n+a) for the {(n+a;” layer Lin+a

where n is an integer that is equal To or greater than zero

and & is an integer that is eqgual to or greater than O-n.

o121 In an alternative preferred embodiment, readout
power for each recording layer is determined 50 that 1f

readout powsr for an n™ one L{n) of the recording layers Is

v th

Pwin), the intensity of light at an (nta) one of the

recording layers becomes egual tc or lower than readout powar
owint+a) for the (n+a)™ laver L(n+a}, where n i1s an integer

that is equal to or greater than zerc and a l1s an integer

rhat is equal to or greater than O-ni.

gizzl In performing a read operation on & mnultilayer

recording medium including & number of recording layers on

which information is stored, a reading apparatus according to

]

the present invention wuses different readout powers for
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CLAIMS 1. An informati

on recording medium comprising: at least three information recording layers,

and a base provided between the recording layers, wherein the thickness (D) of the base between

the recording layers sat

isfies a following condition: 100)< Pw(n) / Pw(n+a).--- -0.1238 x D2-2.772 X

D-1-106.56, where Pw(n+a), Pw(n) is a readout power of a laser beam in reading information from
an nth one L(n) of the information recording layers, which are counted sequentially from one of the
information recording layers that is located most distant from the data side of the information recording
medium, Pw(n+a) is a readout power of a laser beam in reading information from an (n+a)th one

L(n+a) of the informatio

n recording layers,

either all, or onlvy some, of those recording lavers, and

determines readout power for each recording layer based on

information about a base thickness between each palr of

adjacent

(01233

recording laver is determined so

th

<

ones of the recording layers.

In one preferred embodimeni, readout power for each

[
ih

that readout power for an

1 one L(n) of the recording layers is Pwin), the intensity

of light

equal to

whers n

at an (n+az)®®

one of the recording layers becones
readout power Pw(n+a) for the (n+a;™ laver Lin+a),
is an integer that is esogual to or greater than zero

an integer that is =gual tc or greater than C-n.

In an alternative preferred embodiment, readout

power for each recording layer is determined so that Lf

readout

power for an 2t one Lin) of the recording layers is

Pw(n), +the intensity of light at an (n+a)"™ one of the

recording lavers becomes egual to or lower than readout powar

that is

layer Lin+a;, where 1 is an integer

egqual to or greater than zZerc and a 1s an integer

that i1s egual to or greater than U-n.



n is an integer that is equal to or greater than zero, and a is an integer that satisfies n+a 0 and at O. 2.
A method for reading information from an information recording medium comprising at least three
information recording layers and a base formed between the recording layers, the method comprising
the steps of: reading information from the information recording layers L(n) of the information
recording layers, which is counted sequentially from one of the information recording layers that is
located most distant from the data side of the information recording medium, by irradiating on the
information recording layer L(n) a laser beam having a readout power Pw(n), and reading
information from thelnformatlon recordm layer L(n+a) of the information recording layers by

ording-layer L(n+a) a laser beam haying a readout power Pw(n+a),
wherein, relatlon betvveen a thlckness (D) of the base between the recording layer L(n) and layer
L(n+a), and the read out powergPwi(n) and:Ruwin+a)esatisfies the followingcond#ions=00tx Pw(n) /
Pw(n+a).?=-0.1238 x D2-2.772 x 0+106.56, and Pw(n)-5- Pw(n+a), where

invention, data stored there will never deteriorate even if an

unintentional layer-to-layer Jjump has happened. That is why
such a recording medium can be used particularly effectively

o system that uses a multilayer recording

1. -1
o
1._;,
[41]

in an optica

mediumnm.

REFERENCE SIGHS LIST

(01267

Lo, Li, L2, L3, L4, L5, L&, L7 recording layer

0, t1, t2, t3, t4, &5, &6 bass  thickness petween each
pair of adiacent ones of the information recording lavers

Pwl, Pwl, Pw2, Pw3 readout power

100 recording madium

400 reading apparatus

402 optical pickup

403 semiconductor laser control section

404 servo processing section

405 read signal processing section



n is an integer that is equal to or greater than zero, and a is an integer that satisfies n+a 0 and a#0.
3.An apparatus for reading information from an information recording medium comprising at least three
information recording layers and a base formed between the recording layers, the apparatus
comprising: a first section for reading information from an information recording layer L(n) of the
information recording layers, which is counted sequentially from one of the information recording
layers that is located most distant from the data side of the information recording medium, by
irradiating on the information recording layer L(n) a laser beam having a readout power Pw(n), and

a second section for reading information from the information recording layer L(n+a) of the information
recording layéRSby fPadisting oA THE Trfotnation récording fayert (n+a) a laser beam having a readout
power Pw(n+a), wherein, relation between a thickness (D) of the base between the recording
layer L(n) and layer L(n+a), and the read out power Pw(n) and Pw(n+a) satisfies the following
conditions: 100 x Pw(n) / Pw(n+a)-?-., -0.1238 x D2-2.772 x 0i-106.56, and
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Pw(n)-5_-Pw(n+a), where n is an integer that is equal to or greater than zero, and a is an integer that
satisfies n+a 0 and a#0. 4.A method of making an information recording medium with k information
recording layers (where k is an integer that is equal to or greater than three), the method comprising

the steps of: forming the k information recording layers, from which information is retrievable using
a laser t&%th a wavelength of 400 nm to 410 nm through an objective lens with a numerical
aperture of 0.84 to 0.86, on a substrate with a thickness of 1.1 mm; forming (k-1) spacer layers

between the information recording layers; and forming a protective coating with a thickness of 0.1 mm
or less on the kth one of the information recording layers as counted from the substrate, wherein the

step of ferming ARfRrRALieR A¢EosFiNG ImeiaHNebMeSing: Making either concentric or spiral tracks on
one of two groups of the information recording layers that are either odd-numbered or even-numbered

as counted frony {hgssyhsk aersadtieh Haedases Rears, seans that group of information recording layers
from some outer radial location on the information recording medium toward the inner edge thereof;

and makingeitaarreadee nisioosspheatdtackiagayhes other group of the information recording
layers that are either even-numbered or odd-numbered so that the laser beam scans that group of
information recetdiregnlsyeisitkoess ¢Deofrthe besdi defucaiothe retwedinfp fayatio patisdierding medium
toward the outer edge thereof, and
following condition:
100 X Pw(n) / Pw(n+a)= —0.1238 X D*—2.772 X D+~ 106.56, where
Pw(n)=Pw{n+a),
Pw(n) is a readout power of a laser beam in reading information from an n™ one L(n)
of the information recording layers, which are counted sequentially from one of the
information recording layers that is located most distant from the data side of the information
recording medium,
Pw(n+a) is a readout power of a laser beam in reading information from an (n+a)”
one L{n+a) of the information recording layers,

n is an integer that is equal to or greater than zero, and

a is an integer that satisfies n+a 2 0 and a=0.

2. A method for reading information from an information recording medium comprising
af least three information recording layers and a base formed between the recording layers,
the method comprising the steps of:

reading information from the information recording layers L{n) of the information
recording layers, which is counted sequentially from one of the information recording layers
that is located most distant from the data side of the information recording medium,

by irradiating on the information recording layer L(n) a laser beam having a readout

power Pw(n), and
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the thickness (D) of a space layer between the recording layers satisfies the following condition: 100 x
Pw(n) / Pw(n+a)?-=-0.1238 x D2-2.772 x D+ 106.56, where Pw(n).=-Pw(n+a), Pw(n) is a
readout power of a laser beam in reading information from an nth one L(n) of the information recording
layers, which are counted sequentially from one.of the information recording layers that is located most
distant_ from t_he S E?nfgﬁg?ibﬁo{ggg‘%,ﬂ%"?ﬁ‘é{]ﬂ,’ﬁ{eﬁb&{‘ni Sglgh% !rﬁea%é%aljt'to ﬁower of a laser
beam in f%ééd%@fg{@?@ymyagar@b(ﬂh@ MR angid Rl ahdhsyihiopmalionserssdingdangrs, nis an
integer that is equal to or greater than zero, and a is an integer that satisfies n+a 0 and a#0.

a readout power Pw(n+a),

wherein, relation between a thickness (D) of the base between the recording layer

L(n) and layer L(n+a), and the read out power Pw(n) and Pw(n+a) satisfies the following

conditions:
100 X Pw(n) / Pw(n+a)z — 0.1238 X D?—2.772 X D+ 106.56, and
Pw{n)=Pw{n+a), where
n is an integer that is equal to or greater than zero, and
a is an integer that satisfies n+a = 0 and a#0.
3. An apparatus for reading information from an information recording medium

comprising at least three information recording layers and a base formed between the
recording layers, the apparatus comprising:

a first section for reading information from an information recording layer L{n) of the
information recording layers, which is counted sequentially from one of the information
recording layers that is located most distant from the data side of the information recording
medium, by irradiating on the information recording layer L{n) a laser beam having a readout
pawer Pw(n), and

a second section for reading information from the information recording layer L{n+a)
of the information recording layers by irradiating on the information recording layer L(n+a) a
laser beam having a readout power Pw(n+a),

wherein, relation between a thickness (D) of the base between the recording layer
L{n) and layer L{n+a), and the read out power Pw(n) and Pw(n+a) satisfies the following
conditions:

100 X Pw(n) / Pw{n+a)z —0.1238 x D*—2.772 X D+ 106.56, and
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Pw(n)=Pw(n+a), where
n is an integer that is equal fo or greater than zero, and

a is an integer that satisfies n+a 2 0 and a+=+0.

4, A method of making an information recording medium with k information recording
layers (where k is an integer that is equal to or greater than three), the method comprising
the steps of:

forming the k information recording layers, from which information is retrievable using
a laser beam with a wavelength of 400 nm to 410 nm through an objective lens with a
numerical aperture of 0.84 to 0.86, on a substrate with a thickness of 1.1 mm;

forming (k-1) spacer layers between the information recording layers; and
forming a protective coating with a thickness of 0.1 mm or less on the kth one of the
information recording layers as counted from the substrate,

wherein the step of forming information recording layers includes:

making either concentric or spiral tracks on one of two groups of the information
recording layers that are either odd-numbered or even-numbered as counted from the
substrate so that the laser beam scans that group of information recording layers from some
outer radial location on the information recording medium toward the inner edge thereof; and

making either concentric or spiral tracks on the other group of the information
recording layers that are either even-numbered or odd-numbered so that the laser beam
scans that group of information recording layers from some inner radial location on the
information recording medium toward the outer edge thereof, and

the thickness (D) of a space layer between the recording layers satisfies the following
condition:

100 X Pw{n) / Pw(n+a)= —0.1238 X D*~2.772 X D+ 106.56, where

Pw(n)=Pw(n+a),
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Pw(n) is a readout power of a laser beam in reading information from an n"
one L{n) of the information recording layers, which are counted sequentially from one of the
information recording layers that is located most distant from the data side of the information
recording medium,

Pw(n+a) is a readout power of a laser beam in reading information from
an (n+a)" one L{n+a) of the information recording layers,
n is an integer that is equal to or greater than zero, and

a is an integer that satisfies n+a = 0 and a#0.
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