DESCRIPTION INFORMATION RECORDING MEDIUM,
REPRODUCING DEVICE. AND REPRODUCING METHOD
TECHNICAL FIELD [000I] 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 operaion on such a '@fﬁ%grding 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 providedor @h opticat hetd Has bdén decreased.
year after year by increasing the NA (numerical aperture) of the
objectiverlerscand shortening the:mavelergthoe ofithedighto emitted
from a light source. Meanwhile, to further increase the storage
capacities of optical disc media, a multilayer recording medium
with multiple recording layers has also been proposed just lately.
0003] I_. a conventional multilayer recording medium, a number

m mutually different thicknesses are alternately
stacked between its multiple recording layers,

[0001] The present 1invention 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 multilaver recording medium.

BACKGROUND ART

(00023 To increase the storage capacities of optical discs,
the size of a light beam spot to be condensed by an cbijective
lens provided for an optical head has been decreassd year
after year by increasing the NA (numerical aperture) of ths
cbijective lens and shortening the wavelength A of the light
emitted from a light scurce. Meanwhile, to further increase
the storage capacities of opitical disc media, a nmultilayer
recording medium with multiple recording layers has also been

Q

‘proposed just lately.



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. 1. [0004.]
In the multilayer recording medium shown in FIG. 2, eight
information recording layers LO, L1, ... and L7 are stacked in this
(00 der one upon the otgetrﬂ,so that the LO layer is located most
istant from the SCARTEr (19> optitat pitRESY and tHat the L7 Tayer™ 2
is located closet to the pickup, and seven spacers with
nurigkickiessertI through th arevintetposedibdtweer these cknesses  are
information recording layers. Also, to make the intensity
altdeflectancesR{px2) and-R(p+3) of the respegtive reflestive films 2 yers,
of -_(n+2) and L(n+3) layers, which are located shallower than an
«...k(n) layer, satisfy R(n+2)xR(n+3)<0.01, the inequality _ . .
o LA 5 O b et FHk T he SuBHE Galf oo e
be made so that t6=t4=t2 and t5=t3, and 2 therefore, the number
No. of diffekent kint"Bf &pacers 18 provite tolrétiticetthie niultipfe:ventional
reflection can be reduced from seven to four.
multilayer recording medium as disclosed in Patent Document

No. 1.
[0004) In the multiiayer recording medium shown in FTIG. 2,
eight information recording layers LU, LI, .. and L7 are

stacked in this order ons upon the other so Lhat the LU layer

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

pickup) and that the L7 layer is located closet to the pickup,

and seven spacers with thicknesses €0 through &6 are

interposed between those information recording lavers. Also,

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

respective reflective films of L(n+2) and L{n+3) lavers, which

are located shallcwer than an L{n) layex, satisfy

Rin+2) xR {(n+3)<0.,01,

the inequality t12>t0>¢3=t5>1L2=t4=t6 needs to be met. That

is why settings can be made so that te=t4=t2 and t5=t3, and



[0005] On the other hand, when such a conventional muitilayer
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 closest to the optical pickup) will transmit the
incoming laser beam at mutually different transmittances, thus
=neJ02KIN0 the bestreadout powers.on fhe respectivetecording, , ;4.
ﬁayers different from each other in some cases (see Patent
Document No. 2). CITATION LIST PATENT LITERATURE 0006]
to ysghent Dotument No! 4 Japsatiese Patetit AfplictioirEait- Opéfven to
Publication No. 2006-40456 Patent Document No. 2: Japanese
fouPaten- Application Laid- Open Publication No. 2005-122862 a
SUMMARY OF INVENTION TECHNICAL PROBLEM [0007]
roodGonsidering the properties of therespactive recarding layers, if, - s 521
information was read from any of those recording layers with

more than predetermined readout power, ) _ )
multilayer recording medium 13 scanned, tThe deepest layer

(i.e., the layer farthest away from the cptical pickup) and
the shalliowest layer {i1.e., the layer closest tco the optical
plckup) will <*ransmit the incoming laser beam at mutually
different transmittances, thus making the best readout powers
on the respective reccrding lavers different from sach other

in scome cases (see Patent Document No. 2).

CITATION LIST

PATENT LITERATURE

[0C06]

Patent Document No. 1: Japanese Patent Application Laid-

Open Publication No. Z006-40456

Patent Document No. 2: Japanese Patent Appilcation Laid-

Open Publication No. 2005-1Z2862

(%3



the data stored there 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 of recording
layers stacked, the more distant from the scanner a given

Smmrjgggrdé?g !ﬁﬁrﬁxégﬁ greater the number o_f recording Iay(_ars
~Thus, the read operation on such a distant
layer should be carried out with light that has already gone
TECRHSthgh BROESEPecording layers. For example, in a multilayer
optical disc in which LO, LI ,... and L7 layers are stacked one upon

[codhe otherimthisiorder; theieflectanee FREO) ofthe deepestopgective
(LO layer) of those layers stacked is given by the following

rec &%H@%O nfig}) é -L[gz,( Lq)zf R 9%?&%:2%@8&3 %JXdTS42§-€[§%X;[? éﬂ(TZ ;};\N b)ezre those

TO through T7 represent the transmittances of the 4 respective
layers and RO through R7 represent their own reflectances.
TECH008F AsTAN Be Beén oM this Euation @) tie teflectafice of Povwer:
the LO layer is obtained by multiplying together the squares of the
the respective transmittancesrofdhe deteriorate. That is why the

readout power should be at most egual to the predetermined
readout power. However, in a situatiocn where the storage
capacity per disc were increased by simply increasing the
number of recording lavers stacked, the more distant from the
scanner a glven recording iayer 1s, the greater the number of
recording layers stacked under iltself. Thus, the read
operation con such & distant layer should be carried out with
light that has aiready gone through az lot of recording layers.
For example, 1n a multilayer opticel disc in which 10, L1 ,..
and L7 layers are stacked one upcn the cther in this order,
the reflectance TR{LO) of the deepest one (LU layer) of those
layers stacked is given by the following Eguation (1):
TR(LO) =ROxT1°xT2°xT3%xT4*xT5°xT6 xT7" (1)

where TO through T7 represent the transmittances of the



other shallower 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, L1, ... or L7. If the reflectance of a given recording layer
decreased, the intensity of the light returning from that layer to the
hotodetector would decrease, thus also decreasing the SNR and
*eSiRaking it Moreditficlitto Get a'réad Gperation dohe aS htended: > "
Thus, to overcome such a problem, according to a conventional
ref ppreachsthe reflectances of the respective layers stacked are
increased with the depth of that layer (i.e., the deepest one of the
[ootegording dayers;has:a highetreflectancehan anypther ckecording  tne
layer) so that the incoming light is reflected substantially uniformly
- by those layers stacked. ., a given optical disc.has justtwo ., . . .
res aél)(/:éarias?%ﬁen?ﬁe o%%i%al §?r_ucatluar3é“% ofj“ct)%atO iS¢ can be saéterrrrﬁiﬁéapiymg
easily by striking an adequate balance between them. In an
Coogptival dise with'fiee Giimére 1ay7erss howevel ftistoresangs ©f the
more often necessary to increase the transmittance of a shallow
othdayerrand deecrease thes reflectance of:a-deep layercthusimaking:ites RO
increasingly

through R7 of the recording layers themselves are constant,
the deeper a given recording layer, the lowar the reflectance
of that layer L0, Ll, .. or LY. If the refisctance of a given
recording layer decreased, tne dintensity of the light
returning from that layver to the photodetector would decrease,
thus also decreasing the SNR and makling it more difficult to
get a read operation deone as intended. Thus, to overcome such
& problemn, according tc a conventicnal  approach, the
reflectances o0f the respective lavers stacked are increased
with the depth of that laver (i.e., the deepest cone of the
recording layers has a higher reflectance than any other
reccrding layer) sco that the incoming light 1is reflected

Ll

substantially unifcecrmly by those lavers stacked. If & given

optical disc has Just two layers, then the optical structure

h



di_f_icult 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 the readout power during a
~_ read operation and increasing the intensity of the light returning ‘
° TronT each’ rérditiy Ryet THoWever e fower the'refieitaride f¢duate

a given recording layer is, the more and more often the following
balproblens wikaniselifthe readoat power dg incleased itoreridures or more

sufficient SNR. As a -result, according to a conventional

1aydeehnique,has-beenactuallydifficult o ensure asufficienthrgeed: o
SPA just by increasing the readout power. [0009] For example, in

ine2n oEti%%ledi§g cogsis,c'[Ln gf eiﬁpt;ﬁ reco (Eljingjl%fer; LOdthégggQase he

17 the p‘owé"”ﬁla_B} of the Tight thatf iffadiates eT_OaPayer IS N
represented by the following Equation (2) P(LO)

rel SPWRTERT2XT3XT AKESRT6xFYHR) wWHere Plerepiesents thecreasingly
readout power of a laser beam that has

difficult teo arrange the respective recording layers as

intended. Such a problem 1z particularly noticeable on a
rewritable optical disc, in which 1t is difficult to ensure a
good SNR for its recording film. In scanning such an optical
disc with low reflectance, bthe SNR could be increasad by
raising the readout power during a read operatlion and
increasing the intensity of the light returning from each
recording layer. However, the lower the reflectance oI a
given reccrding layer is, the more and morse often the
foiliowing problem will arise if the readout power is increased
to ensure sufficient B8NR, As & result, according to a
conventional technique, 1t has been actually difficult o
ensure & sufficiently good SNR just by increasing the readout
poOWer.

[0CG9] For example, in an optical disc consisting of eight



been radiated from an optical pickup and incident on the optical

disc. [0010] As can be seen from this Equation (2), the power of

the light that irradiates a deep layer is obtained by multiplying

together the respective transmittances T of the other shallower

layers and the readout cower Pw. T is smaller_ than one. That is
___why the deeper a given recording layer, the lower the power of o
“eCHREight thatirradiles tHat 8yerduringa Fe4§ opBfation, Wwhich® ~+9ht

means that the deeper the given recording layer) the less likely
thathe storetedata witle déteribraterevien whenssadiatedwith readoutl owing

radiation. Consequently, theoretically speaking, the deeper the
equdiven recording layer, the higher the readout power can be. It

should be beneficial in terms of SNR to increase the readout

power according to the depth of a given recording layer in a

mdilfi dgye?gﬁtyiga%x&?éé ?ngw %é(h gﬁ(el%xeléber a given recording layer,

the lower the reflectance tends to be as represented by Equation
whey) B tHe peadeat-powet is SitAply inerédsed to® ehdiife abgeod that has

enough SNR, a read operation can certainly be carried out safely
beeoOn sagh=a deeprlayer withoutdetetioratinguthe gata staredigherecrn  the

However, in a situation where the

(2)

optical disc.

100107 As can be seen from this Eguation (2}, the power of
the light that irradiates a deep layer ig o¢btained by
multiplying together the respective transmittances T of the

cther shallower layers and the readout power Pw. T i1g smaller

Than cone. That is why the deeper a gilven recording layer, the

D

lower the power of the light that irradiates that laver during

a read operation, which means that the deeper the given

recording laver, the less lilkely the =stored data will

deteriorate even when irradiated with readout radiatilon.

Consegquently, theoretically speaking, the deeper the given

recording layer, the higher the readout powsr can be. Iz

should be beneficial in terms of SNR to increase the readout

power according to the depth of a given recording layer in a



control operation lost stability due to the impact applied externally
to the optical disc drive or the presence of a 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
w1 1atreason, tfs ysually diffioult to perform & read operation, with, .
fhe réadou power increased so much as to ensure a good
enough SNR. [0011] It is therefore an object of the present
Lavinventioh t6'provideamakiayerinformaton recording meditmasmted by
which even if such an unintentional layer-to-layerump 'r,as
Equbappened, the data stered-iscthat regosding layerdhat has ibeeBasea <o
reached by mistake never deteriorates. Another object of the
ensRIESENtinvention s do proyide an optical disc drive that, 8can ; ;.
perform a read operation on such a multifayer optical disc with a
good enough SNR and at a low error rate. SOLUTION TO
2L BROBYEM DO12] A Th-EBrmat it Fecordiffyy metiinraccbibiiig to 2t 109
the present invention is a multilayer information recording
the medivm includihg@nnumber cfdnformationrecordingdayeérs:onvhere the

control operation lost stabkility due to the impact applied
externally to the optical disc drive or the presence of a

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

ancther layer by mistake (i.e., an unintentional layer-toc-
layer jump could happen). In that case, the datz stored in
that wrong layver could deteriorate. For that reason, 1t 1s

orm a read operation with the readout

Fh

usually difficult to per
power increased so much as to ensure a good enocugh SNR.

[0011] It is therefore an oblect of the present inventicn
to provide a multilayer information recording medium in which
even if such an unintentional layer-to-layer Jump has
happened, the data stored in that reccording layer that has

been reached by mistake never detericrates. Another cobject of

the present invention is to provide an optical disc drive that



“which information is stored. At least one of those information
recording layers uses different readout power to read information
than the other information recording layers. And a base thickness
between each pair of adjacent ones of the information recording
layers is equal to or greater than a predetermined thickness.
_[0013] in one preferred embodiment, the base thicknessis a ,
2T thizknest dt witieh (hBThtensity 6 ligitdecreBses to® Predefingdt =S¢
decree or more due to aberration. [0014] Another information
vitirecording mediumh addording to- the cresentinvention.includes at
least three information recording layers. If the readout power of a
laser beam in reading information from an nth one L(n) (where n
is an 9 integer that is equal to or greater than zero) of the
somﬁ@é@ @%Ei@ﬁﬁ?g layers, _vvhich are cour]ted sequentially from
one of the information recording layers that is located most distant
from the data side of the information recording medium, is
00 %déntified*By PREAY 8Hd frthe feadout sowst of the 1as6rBéatm ific  the
reading information from an (n+a)r' one
present invention 1s a mnmultilayver information recording

medium including a number of information recording layers on
which information is stored. At lezst one of those
information recording layers uses different readout power to
read information than the other information recording lavers.
And a base thickness between each pair of
the informaticn recording layers is egual fo or creater than

a predetermined thickness.

[0013] In one preferred embodimeni, the base thickness is

jsi]

thickness at which *the intensity of light decreases to a

predefined degres or more dus to aberration.

(00141 Ancther Informaticn recording medium according to

the present invention inciudes at least three informaticn

1

recording layers. If the readout power of lasar beam in

joiy

reading information from an n' one L(n) (where n i1s an



L(n+a) of the information recording layers is identified by Pw(n+a)
(where a is an integer that satisfies na ? 0 and a#0), 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 haying the readout power Pw(n) becomes equal to or

- Te\wer tﬁgﬁ that' 6f thie'iignt. whert the fiformation 7&ording ayer®" ¢
L(n+a) is irradiated with a laser beam having the readout power

int EWaTHaL 00E5PStl mhotersinformdation reeording médiineeguentially
according to the present invention includes at least three

£ rodnfepmation recording:laverscif the readeutpower et adaser beambcated
in reading information from an nn' one L (n) (where nis an integer

nos NaLisequal fo gr areater than zerp) of Ing, 10 nformation
recording layers, which are courited sequentlalfy rom one o
information recording layers --hat is located most distant from the

nedgita side oftfreTnforrratioh rééording®Rfedium HsideRtfisd by power of
Pw(n), and if the readout power of the laser beam in reading

the infarmationfsam an (na)thone ik(n+ra):ofithe infermatian  (nta) ™ one
recording layers is identified by

recordin
fthe -T o+

Linta) of the information recording layers is identified by

that satisfies n+a =0 and

By

Pwi{n+ta) {(where a 1s an intege

base thicknesszs between each pair of adjacent ones

)
1
(o]
ot
y
0]
]
m

0f the information recording layvers is determined so that the

intensity of the light when the information recording layer

Linta} is 1irradiated with a laser beam having the readcut

power Pwin, becomes egual to or lower than that of the light

when the information recording layer L(n+a) is irradiated with

a laser beam having the readoui power Pwinta).

[0015] Still another information recording medium

0l

according to the present invention incliudes at least three

infcrmation recording lavers. If the readcut power of a laser
beam in reading information from an n™ one Li{n) {(where n is
an integer that i1s eqgual to or greater than zerol of the

10



Pw(n+a) (where a is an integer that satisfies nr a 0 and a#0), and
if the base thickness between 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)>--0.1238xDz-2.772xD106.56, and Pw(n)
. 'Ew(n{ra%. 0016] Hread'in method according to the present 11
INIGRTENISN i€ ATethSd for réading iMfarmation from the infotmation -+
recording medium described above. The method includes the
fromsteyys ofe eradiating thenaforatationaecdiding layer $ (Mhwith &
laser beam having the readout power Pw(n) in reading
nostinformation fromrthe infosmation resorging layer A{pYmand on recording
irradiating the information recording layer L(n+a) with a laser
beam having the readout power Pw(n-a),in reading It information =~
" 61 the information recording ayer L{na). 00117 A reading " °F
apparatus according to the present invention is an apparatus for
the rJlgfifig infSRation frefT e SnfoFraRBR Teebrdiigedium (n+a) ™ one
described above. The apparatus includes an irradiating section
L (nfar irratliating the frinformation recording metiyprwitn a lasemcifiad by
beam. The

N
L

ocated

Pw{n+a) (where a is an integer that satisfies n-+ta=0 and
a#0), and if the base thickness between the Information
recording layers L{n) and L(n+a} 1is identified by D, then the

information recording medium satisfies

100xPw(n) /Pwn+a) Z-0.1238x0°—2,772xD+106.56, and

[001€&) A reading method according to the present inventicn

is a method for reading information from the infcrmation

recording medium described above. The method includes the
steps of: irradiating the information recording laver Li{n)

laser beam having the readout power Pwin) in reading

=
4
ot
jmy
j4)]

information from the information recording laver Lin); and

irradiating the information recording layer L{nta) with a

laser Dbeam having the readout power Pwinta) in  reading



irradiating section irradiates the information recording layer i.(n)
with a laser beam having the readout power yw(n) in 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).
“NIEBT8T AR ibtGTmation tEESrdiRg heditim makig %aeifélédb nres
according to the present invention is a method of making an
L 00]nformation reeording medioar sithsk informationrecording Hayersresent
(where k is an integer that is equal to or greater than three). The
invénethed includes thesteps of: fepningdhe ik dnfornalien recordingn  the

layers, from which information is retrievable using a laser beam
ins Vi1 8 wavelength, of éoge”%ﬁ‘v fo 12 410.am through an objective . .
i By [ = £ i - LAl oo - e e L LT A Gl
Tens with a numerical aperture of 084 to O.GSG, on a substrate With
a thickness of 1.1 mm; forming (k-1) spacer layers between the
4 7. . v & - 3 g e .l f e H
incinftatic recording Layers; and¥6rmitiy a profective EoatingWiEh  the
a thickness of 0.1 mm or less on the kt' one of the information
infdecarding layers as:caunted drom the substrate. The=stepefan. The
forming
lrradiating section irradiates the information recording layer
Li{n} with a laser beam having the readout power Pwin) in
reading information from the information recording layer L(n).
The irradiating section irradiates the iInformation recording
layer Lin+a) with a laser beam having the readout power
Pwin+a) in reading information from the informaticn recording
layer L{n+a).
[0018] An  informaticn recording medium  making method
according to the present invention 1s a method of making an
information recording medium with k information recording
layers (where k is an integer that is egual tc or greater than
three}. The method includes the steps of: forming the k

informaticon recording layers, Zfrom which information is

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



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
110 giihe-thicrdst: ahd iakitg elther ToRcEntrit 6r Spitaf tracks Brthe ™S °F
other group of the information recording layers that are either
0. 8even-ndniberedror add=ninvibered sothat the laserdheam seans! - L mm;
that group of information recording layers from some inner radial
foriQeation. onthedafarmation: recerding snedium towardithe eHteFecording
edge thereof. If the readout power of the laser beam in reading

- informatign rom.an nth one_L(ﬂnt)4 where n is an intgger that is -
lLayers;  arn OIH‘L:L“;? a protestivwe .Cf)ai_li’!(}‘ W1t 3, %EC}CD@SS Oz
equal or 13 greatet than zero) of the information recording layers,

which are counted sequentially from, one of the information .

0.1 reBordihg Ua§ersthatistocated ifostdistat froff e dataBidestording
the information recording medium, is identified by Pw(n), and i~

1aydbe readotdpower of the laser beam in seading infermatign fromrorming
an (n+a)t one L(n+a) of the information recording

informaticn 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~nunbered as counted from the substrate so that the laser
beam scans that grcup oi informaticn recording lavers Zfrom
some outer radial location on the information recording medium
toward the inner edge thereof; and making either concentric or
spilral tracks on the other group of the information recording
layers that are either even-numbered or odd-numbered so that
the laser Dbeam scans that group of information recording
layers from some inner radial Ilocation on the information
recording medium toward the outer edge <thereof. If the

readout power of the laser beam in reading informaticon from an

n*® one Lini (where n is an integer that i1s equai to or



layers, which are counted sequentially from the most distant
information recording layer from the data side of the information
recording medium, is identified by Pw(n+a) (where a is an integer
that satisfiesn T a ? 0 and a'-0) , and if the base thickness
between the information recording layers 1(n) and L(n+a) is
identified by D, then the information recording medium satisfies ‘
9T e BOKPWI(NY/PW(NGR) 3-0.1288XD " S FPIXI 106756 “4nd TPwiiy =5 Which
Pw(n+a) ADVANTAGEOUS EFFECTS OF INVENTION [0019]
are Acoording toethespresent:inventiornrall of theé eretofdingalayens recerding
have respectively different best readout powers or only some of
1aydhe reegrding layers-havea different 14 readout power.fram. the or e
others, and the base thickness between the respective recording
.. layers.is equal to or greater than a, predetermined, thickness. o
75 by adSptHG the antanbehient of e preseRt invenion:te 270 1
readout powers for the respective recording layers can be
the deterftiined 8Os notlto Heteribraterorberase iStorededatachbyinformation
mistake even i an. unintentional layer- to-layer jump has
fzmﬁapgenedywnt“ one Li{n+a) of the information recording

layers, which are counted seqguentially from the most distant
information recording layer from the data side of the

information recording medium, 1is identified by Pwinta) (where

h

a is an integer that satisfies n+a=0 and 2#0), and if the
base thickness between the infcormation recording layers L(n)
and Lin+a) 1s i1dentified by D, then the information recording
medium satisfies

100xPw(n) /Pwin+ta) Z2-0.1238xD°—~2.772x0+106.56, and

Pwin) ZPw(n+a) .

ADVANTAGECUS EFFECTS OF INVENTICN
[0019] Lccording to the present invention, all of the
recording layers have respectively different hest readout

powers or only some of the recording lavers have a different



BRIEF DESCRIPTION OF DRAWINGS [0020] FIG. 1 illustrates

an exemplary structure for a recording medium as a specific

preferred embodiment of the present invention. FIG. 2 illustrates

an exemplary structure for a recording medium. FIG. 3 shows

how the light intensity changes with the base thickness in a

rpreierred embodiment of the present invention. FIG. 4 shows how
TeA4f8 Tight fiftensity tay thahge ith e base Hitkness e s between

recording medium as a preferred 15 embodiment of the present
the imvemtion. FG. 5 shows;asiny ansapproximation equatiors #her than a

relation between the base thickness and the light intensity in a
predifeferred embodiment.of thepresent invention. £16, 6 illustiatesane o

reading apparatus as a preferred embodiment of the present

invention. FIG. 7 illustrates the structure of a multilayer disc as a_ .
the r?sené 1nve8tlon F g regdout %owFrs ror’the respective
pDre erred embodiment of the present invention.

raecording layers can be determined so as not to deteriorate or

t=h

-

eyase stored date by mistake even 1f an unintentional layer-

to-layer Jjump has happened.

BRIEF DESCRIPTION OF DRAWINGS

[0020]

FIG. 1 illustrates an exemplary structure for & recording

medium as a speclifil preferred embodiment of the present

FIG. 2 illustrates an exemplary structurse for a recording

FIG. 3 shows how the light intensity changes with the
base thickness 1in a preferred embodiment o©of the present
invention.

FIG. 4 shows how the licht intensity may change with the

base thickness 1n the recording medium as a preferred



FIG. 8 illustrates the structure of a single-layer disc as a preferred
embodiment of the present invention. FIG. 9 _llus'trates the
structure of a dual-layer disc as a preferred embodiment of the
present invention. FIG, 10 illustrates the structure of a three-layer
disc as a preferred embodiment of the present invention. FIG. 11
illustrates the structure of a four-layer disc as a preferred
SO AMBEdiméENt 6f the” preant inV&htion °RIG. 12 illustrates the
physical structure of an optical. disc as a preferred embodiment of
theé present invention. FIGi13(apiflustrates anrexemplary25:GBrn, the
BD as a preferred embodiment of the present invention and FIG.
re138(bh I&illustrates an-optical.disg asa preferretembpdimentofei vy in
the present invention that has a higher storage density than the
25GB BD. FIG. 14 illustrates how a series of recording marks on
& PEEYACKTS iffadiated with d light, deam in a preferred” embodiment
of the present invention. FIG. 15 is a graph showing now the OTF
changes With the sshortest récording iiark Bz diseswitita storaige e rred
capacity of
empodiment of the present invention.

PIG, 7 illustrates the structure of a nultilayer disc as
a preferred embodiment of the present invention.

FIG. B iilustrates the structurs ©f a single-layer disc
as & preferred embodiment of the present invention.

FIG. & iilustrates the structure of a dual-layer disc as
2 preferred embodiment of the present invenitiion.

FIG. 10 illustrates the sitructure of z three-laver disc
as a préferred embodiment o©f the present invention.

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

a preferred embodiment of the present invention.

73
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FIG. 12 iliustrates the physical structure of an optica

[

disc as a preferred embodiment of the present invention.

FiG. 13{a) illustrates an exemplary 25> GB BD as a

preferraed embodiment of tThe present invention and FIG. 13({b)



25 GB as a preferred embodiment of the present invention. FIG.
16 shows an example in a preferred embodiment of the present
invention in which the spatial frequency of the shortest mark (2T)
is higher than an GTE cutoff frequency and in which a 2T read
signal has an amplitude of zero. DESCRIPTION OF
EMBODIMENTS [0021] Hereinafter, preferred embodiments of a
111 st r?ﬁorﬁ?&ﬁcﬁ%‘fedbﬁﬂmgar%eﬁlu%@ﬁ%%dﬁﬁ& niéthedangt ©f the
reading apparatus according to the present invention will be
pregescribedavith seference tethezaccormpanyingdrawings:sify than the
(EMBODIMENT 1) [0022] FIG. 1 illustrates the structure of a
»5 #ultilayer information recording medium (optical disc) 100 as a
specific preferred embodiment of the present invention. In the
foIIowmg description, any palr of components shown in both of
FIES: 1 &fd élaﬁﬁ h‘é‘i‘/‘fﬁﬁ sUBEtantiafiy the samé fanction wilf e s °n @
identified by the same reference numeral and a detailed
tragdeschiption theracftwill beronitted helteir: {0028EThe multilyerreferred
information recording medium 100 has three or more recording

embdAY@Is-n yhichdnformation ¢ande- o .

k4]

IG. 15 is a graph showing how the OTF changes with the

shortest 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 a preferred embodiment of the

present invention in which the spatial frequency of the

shertest mark (27) 1s higher than an OTF cutefi frequency and

in which a 2T read signal has an amplitude of zsro.

DESCRIPTION OF EMBODIMENTS

P02 Hereinafter, preferred embodiments cf a2 multilayer

information recording medium, reading method and reading

apparatus according to  the present invention will e

described with reference to the accoempanying drawings.



stored. In FIG. 1, LO through L3 denote respective recording
layers, 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" means the
thickness of the spacer layer. Also, Pw0 through Pwa3 denote the
best readout powers for the respective recording layers LO to L3.
(EMWMITG.ES shows how the intensity of light changes with the
base thickness. In this case, the "light intensity" represents the
(00 power ofttight fadlingion.acunit areatofsa 48:econding ddyer ImEIG: layer
3, a light intensity associated with a base thickness, at which the
:nrdaserheam.could pe focused.mostefficiently.on the yget o specific
recording layer, is supposed to be 100%. As shown in FIG. 3, if
the base thickness of a recording medium changes, an objective
PTEIERS Built AR OBTRAl pickup come§ 16 ave avalie thathas 7 7€
deviated from the designed one, thus producing a spherical
fol Hperraticie and:ehusing avariation inflightintersitys wHichkis 1n both of
almost equivalent to a variation in readout power. That is to say,
r1c40r a reeerding layer, a vayiationsindightintensity-dug.te. sfunction will

be identified by the same reference numeral and a detailed
description thereof will be omitted herein.

[0023] The multilaver information recording medium 100 has
three or more recording layers on which information <an be
stored. In FIG. 1, L0 through L3 denote respective recording
layers, and tl through tZ denote base thicknesses between the
respective reccrding layers. As a spacer layer ls inserted

recording layers, the “base thicknessg”

Fh

betwsen each pair o

means the thickness of the spacer layer. Aiso, PwO through

Pw3 denote the best readout powers for the respective

recording layers L0 fo L3.

(00247 FiG., 3 shows how the intensity of light changes with

the base thickness. In this case, the ™light intensity”

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



the change of the base thickness and a variation in the optical
power of the laser beam at a constant base thickness mean
substantially the same. [0025] Also, the relation between the base
thickness and the light intensity changes according to the
wavelength of the laser beam used. In FIG. 3, shown is how the
fight intensity varied according to the base thicknessina ,
recyfiation Where a blue laserbedm WAS used 60 & BI-Fay Bigé me¢ with
(BD) at an NA o- 0.85 and at a wavelength of 405 nm, for
2 bexample: s svariationth light intensityss substantialy 1 be focused
proportional to 19 the third power of NA and the wavelength. That
mos4S 10 say; by« setting the-NAto;he high-evendf the base thickngssssd <o
varies just slightly, the light intensity will decrease significantly. In
ne hatcase, even if the intr(]arvﬁ getV\éeenirzec%r_éjeir?golaqyeers;_igi narrow, ¢
y ¢an §till be significant. [0026;

the variation insﬁﬁh‘“?ﬁnt:énsi T
Specifically, if a multilayer disc has an interval of 20to 30 pin

recyietvieen its atificeRTIRYERS andiif the Pthickestrecofding fayett 1in an
thereof has a base thickness of approximately 100 U it and if any

optiﬁﬁer§dQMQﬁabﬁﬁﬁwmﬁg have a wvalue that has deviated Ifrom

the designed one, thus prcoducing a spherical aberration and
causing a variation in light Intensity, which 1s almost
eguivalent to & variation in readout power. That is To say,
for a recording laver, a variaticn in light intensity due to
the change of the kase thickness and a wvariation in the
optical power of the laser beam at a constant base thickness

mean substantially the same.

and

wm

[0025] BAlso, the relation between the base thicknes

the light intensity changes according to the wavelength ¢f the

laser beam used. In FIG. 3, shown is how the light intensity

varied according to the base thickness in a situation wheare a

blue laser beam was used on a Blu-ray Disc (BD) at an NA&A of

0.85 and at a wavelength of 405 nm, for exampie. This

variation in light Intensity 1s substantially proportional to



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 other by approximately 10
um or more as long as NA is higher than 0.8. For example, if
there is an interval (i.e., a base thickness) of 10 gm between LO
and LI layers, the light intensity will decrease to 70% even when
the gRtunifiterional tdyeritoslayer jumpato:tve ik tayer Hasthappéneday, by
by mistake while the LO layer is being scanned. That is why even
setifthe readoutpewerforthgrl Odayer was:definegsto b 142ess varies
(=1/0.7) times as high as the 20 power for the LI layer, no
U"Sglama% ould e dong qr. the L layer, éq_OZQ Such a decrevgsg can
ligh |nter}|]5|ty IS proportlonal %o the thir power - of NA and the ™ LY
wavelength of the light beam. Thus, as long as NA-is equal to or
In yréhtertRan 3857 a’mofe signifieant decteds6 in igAtiitensityavers is
than the one shown in FIG. 3 will be caused. As a result, even if
nar the pasenthickness: remainsi the same; a moresignificanteffectzi11  he
can be achieved and a greater readout power can be defined for
sigthe 10, layer. The same can be said about the wavelength. That is
0

(0026} Specifically, 1f 2 multilaver disc has an interval
of 20 to 30 g m betwsen i1ts adijacent layers and if the
thickest recording layer therecf has a base thickness of
approximately 100 pm ard 1f any other additional recording
iayers are provided so as to have thicknesses of smaller than
100 p m, the 1light intensity will wvary by aboutr 30% even
between two layers that are spaced apart £from each other by
approximately 10 pm or more as long as NAE is higher than 0.8,
For example, 1§ there is an interval {(i.e., & base thickness)

of 10 pm between LO and L1 layers, the light intensity will

o

decrease to 70% even when an unintenticonal layver-to-laver Jjump

te the L1 layer has hagpensd by mistake while the L0 layer is

being scanned. That 1s why even if the readout powsr for the
Y P

~

L0 laver was defined tc be 1.42 (=1/0.7) times as high as the



say, the shorter the wavelength, the more significant that effect

will be. [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 layer-to-layer jump may be higher than the previous one, and .
POYhe data stored therd €5atd deteriGrate STd'avdid EGcH S Broblem:"¢ o

it is effective -co set the base thickness between each pair of
Layadjacent recording layers to a 21 predetermined value or more to

take advantage of a decrease in light intensity due to a variation

[00dn base thickness.adhuss according tg;this preferred embodiment: ; ona1
the base thickness between each pair of adjacent recording

o ,I%)éen%lg getermlned{b& eference to such a}:‘reltg_aktllogpgtgvee%r}the

rd power i Lhe wavelen T * beam.
ase” thickness and the |gﬁ‘t intensity. As for readout powers for

~ reading information, at least one recording layer requires a
Thugifierent rEAdGd pBweriréRtthe GtheP feCoidlng fayersBlt Suches more
a difference is dealt with by setting the base thickness between
1 greachcpair of edjacent recordipgtayersstosbe equadto 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 bs
achieved and a greater readcout power can be defined for the L0
layer. The same can be saild about the wavelength. That is to
say, the shorter the wavelength, the more significant that
effect will be.

0028) As can be seen, 1in a situation where respective
recording layers have different best readout powers, 1f an
undntenticonal layer-to-layer Jjump hés happened, the readcut
power for the recording layer reached by mistake as a result
of the layer-tc-layer Jump may be higher than the previous
one, and the data stored Lhere could deteriorate. To avoid
such & preblem, 1t 1s effective to set the base thickness

between each pair oI adiacent recording layers

(8%



or greater than a predetermined thickness. As used herein, the
"predetermined thickness" is a thickness at which the intensity of
light decreases to a predefined degree or more due to aberration.
This point will be described in further detail later. [00291
Hereinafter, it will be described with reference to FIG. 4 how to
determine the base thickness according to this preferred
PregmBodimént BiFreferetite 5 the rélafior befiden the pase @ decrease
thickness and the light intensity. FIG. 4 shows how the light
in ihiensity chanageswithcthe base thickaess.t22{0030]. taHG.#4yickness.
when information is read. from the recording layer LO, the laser
TheDeam is.supposed {0 havethe bestreadopt power,PwQand the, ...
light .intensity when the laser beam is focused on the recording
L 'Iaxer LO is supposed to be 100%. [OQ§1] On the other hand,. ‘
R G ORATON (a0 o' the rettrdiRg Ty e LoE Lo And T4 == 22
the laser beam is supposed to have best readout powers Pwi,
det Pw2 e Pw3r réspectivelytdn thisicase rtheareadout powers fone base
the respective recording layers are normalized so that 1w0100,

thickness and the light intensity. As for readout powers for
reading information, at least one recording layer reguires a
different readout power from the other recording layvers. But

such a difference is dealt with by setting the base thicknes

o

between each pair of adjacent recording lavers to be egual to
or greater than a predetermined thickness. As used herein,
the “predetermined thickness” 1s a thickness at which the

intensity of light decreases to a predefined degree or more

due to aberration. This point wiil be described in further
detail later
100297 BEereinafter, it will be described with reference to

FiIG. 4 how to determine the base thickness according to this

preferred embodiment by reference to the relaticn between thes

base thickness and the light intensity. FIG. 4 shows how the

light intensity changes with the base thickness.



Pwl = 80, and Pw2 =Pw3 = 70 are satisfied. For example, when a
laser beam with the readout power Pwi is focused on the
recording layer Li, the light intensity is represented by 80%. Also,
the base thickness is determined so that even if the laser beam
with the readout power PwO is focused or, the recording layer Li,
the light intensity becomes equal to or smaller than 80%. That is
[00%8 say, the:baSeéthickhess'istetermineticdo-that that lightitensity  =he
becomes equal to or smaller than the one in a situation where a
recdasgnbeamwith tloe readout pesver Rwhis focusedronthe te have the
recording layer L1. 23 FO0321. In the same way, when a laser
bes DEAM with the readaut,poper P2 i focused on the regording . 1. co
layer L2, the light intensity is represented by 70%. Also, the base
~ thickness is determined so that even if the laser beam with the
beatteddout FOWRT PW is fScused s thE recofting fyer LS iefight t© °°
intensity becomes equal to or smaller than 70%. That is to say,
160%he base thickness is determined so that that light intensity
becomes equal to or smaller than the one in a situation where a

oo laser beam with.thgreadout-power, Pw2 is fecused onthe. rcaq rrom
recording layer L2.

the recording lavers L1, L2 and L3, the laser beam 1s

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

respectively. In this cass, the readout powers Ifor the
respective recording layers are normalized so that Fwl =100,
Pwl =280, and PwZ=Pw3=7{0 are satisfied. FFor example, when a

laser beam with the readout power Pwi is focused on the
recording laver LI, the light intensity is represented by 80%.
Also, the base thickness is determined so that saven 1if the
laser beam with the readout power Pwd 1s focused on the
recording layer L1, the iight intensity becomss egual Lo or
smaller than 80%. That 1s to say, the base thickness 1is
determinad so that that Iight intensity becomes esqual to or

smalier tharn the one in a situation where a laser beam with

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

o
[o%)



[0033] 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 layers. [0039] The disclosed invention may be
modified in numerous ways and may assume many embodiments
other than those specifically described above without departing
[00 3% the Lspikikof e present iniéritioh. Féreexarnple, the'bdses readout
thickness may be determined so that the light intensity on the
vowdecasdinglayerdhatbas beenreached@actidentallyyas awesulti24 1ight
of an unintentional layer-to-lye= Jump either agrees with, or
int b:rlesclo*{neggn}ael Eetggﬂtgga B St?'d)geht '”E?l”:%t)/ f?ﬁg"%a_g%cq{gm:gmess is
ayer.3f00351 Iso, in the preferred embodiment described above,
the base thickness is supposed to be determined so that the light ‘
det4aBHERY offthé tebordifiglayér that haé bekn76a8nhey 1 the readout
accidentally as a result of an unintentional layer-to-layer jump
powdaecewes eguaktousrsmalter than thecbestilight intensityL¥or thae 1ight
recording layer. However, the base thickness may also be

intéﬁ%@gpm@QéﬁthﬂéaﬁﬁghEHﬂ%ﬁgg@%nﬂ@% than 70%. That 1is to
say, the base thickness is determined so that that Iight
intensity becomes equal to or smaller than the one 1in a
situation where & laser beam with the readout power Pw2 is
focused on the recording laver L2.

r0033j In this manner, by utilizing the relation shown in

1oy

FIG. 3, the base thickness Dbetween each pair of adjacent
recording layers can be determined appropriately according to
the readeout powers for the recording layers,

100347 The disclosed invention may be medified in numerous
ways and may assume many empodiments other than those
specifically described above without departing from the
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 accidentaily as a result

24



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 of adjacent
recording layers is determined by -reference to the relation
between the variation in base thickness and the light intensity.
of Howaver thelvase thiekifess maydaso bergetarpiineddsrasingratin, or
simple approximation equation. For example, as for a Blu-ray
bacdlse (BR)that uses-abue faser 2b-beam.dhe followdng:cy ror that
approximation Equations (3) and (4) are obtained based on the
o Cg%@mtign q%tV\éq:gn the base thickness, the light intensity and the
readodt po%er, and the base thickness can be determined by
those equations. FIG. 5 shows the relation between the base
[00¢Rieknes$ afier the'light' ihteriSifEBy the FoRORIAG Approsdmations above.
equation: S=-0.1238Xd2+2.772Xd=106.56 (3) where S
the representsi thenkght intensity {%] andwd represents-aivardation ifhat the
base thickness 'gm’, from a value associated with a light intensity

ligﬁq199%@5%%&?E%Hogﬂgeyggg§&ing layer that has been reached
accidentally as a vresult of an unintenticnal layer-to-layer
Jump becomes egual to or smaller than the best light intensity
for that recording laver. However, the base thickness may
also be determined =so that the l1ight intensity on that
unexpected recording laver Dbecomes smailer than a light
intensity at which data stored on that recording layer starts
to deterliorate,

[G036] Furthermore, in the preferred embodiment described

£~

above, the base thickness betwsen each pailr oi adjacent

L

recording layers 1s determined by reference to the relation
between the wvariation 1in Ikase thickness and the light
intensity, However, the base tThickness may alsc bhe

determined by using a simple approximation equation. FFor

example, as for a Blu-ray Disc (BD) that uses a blus lassr



[0037] Suppose the readout power of the laser beam for reading
information from an nr~ one L(n) of the information recording
layers, which are courted 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
___ls an integer that is equal to or greater than zero. For example,
Pealhe [HYst distant (18., e HeapEa” Fecorditfy iEyet from the'data?’ 21
side may be identified by L(0) and its readout power PwO may be
obt identified by Pw(0):OGn the aother Hardisthe readout poweriofdtiess, the
laser beam for reading 26 information from the (n+a)information
1ighecareing dayer Lfn+ahis identifiad by-Rwin+a) where ais:an<niciness
integer that satisfies n + a? 0 and a~0. For instance, if n=0 and a
N 1,b:ghegetbg njrna%t" layer v%/w t:gsee thg(}recggding IayethTi [00%8] Ir,; -
this case. even if the réadout power Pw(n)'i§ "higher than the® " "¢
_ readout power Pw(n+a), the light intensity when the information
reliecordingldyer Lincariifratidted ®ith fHelldses begmwithithesity by
readout power Pw(n) is defined co be equal to or smaller than the
the light intensityaxhen thesinfermationreenrding layer L(n+a) is
irradiated with the

=0, 1238 X d°+2.772Xa+106.56 (3}

ot
F“J
-
-

where 3 represents the light intensity (%] and d represents a

variation in base thickness {um} from & valiue associated with
a light intensity of 100% and is a positive integer,

[0G37] Syppose the readout power of the laser beam for
reading information from an n™ one Lfn) of the information
recording layers, which are counted seguentially from the most
distant recording laver from the data side surface {i.e., the
upside shown in ¥FIG. 1) of the opticel disc 100, is identified
by Pwin}, where n is an integer that is equal Lo or greater
than zero. For example, the most distant (i.e., the dsepsst)
recording layer from the data side may be identified by L{0)

and its readout power Pwl may be identified by Pw(0). Cn the

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



laser beam with the readout power Pw(n+a). [0039] In the
following Equation (4), if the readout 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 the data side is higher, than _
L GRE%howWer for thE otheF layér Hen a BECOMES S Regafive iteger, 14Yer
In the latter case, the recording layer L(n+a) will be located more
L (n-chstantfroniethe tatd side thanthe recording layer (@yis i2F7eger that
[0040] The base thickness D between the information recording

saul%)f%@sﬁ(l@%a@%[d”éé)ﬂ%&@.e Cawatﬁgs@é:nce, if n=0 and a=1,
100xPw(n)/Pw(n+a)=-0.1238xD2-2.772xD106.56 (4) where Pw(n)

e PW(nta) and Pw(n)/Pw(n+a) is expressed in percent. Far.
o b ) = Pu(are) 16, he Pul ) ek s

one), the left side of Equation (4) is 100%. Meanwhile, n is an
[003dtkger thét i$ ehtialF®s6r greater thanZeto aRErR IS aPitégew (») s
that satisfies n a ?0 and a+0. [0041] The base thickness D is
nigigetermined sadhatdhadeft side of Eguatien)(4) represemsanintensity
appropriate ratio. If a is

when the information recording layver Li{nta} 1s irradiated with

the laser beam with the readout powsr Pwin) is defined to be

egual to or smaller than the light intensity when the

information recording layer Li{n+a) 1s 1lrradiated with the
laser beam with the readout power Pwin+a}.
0039 In the following Eguation (4), 1f the readout power

for one recording layer that is located more distant from the

data side iz lower than the power for the other layer, then a

becomes a positive integer. On the other hand, 1f fthe readout

power for the one recording layer that is located more distant

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

layer, tThen a beccomes a negative integer. In the latter case,

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

the data side than the recording layer Li(n) is.
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a negat.i.ve 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(n+a) may be equal to the light
intensity when information recording layer L(n) is irradiated with a
laser beam with the readout power Pw(n). [0042] On the other
[00Hahd, if di$a negative TitegEr and if Rhe PEAHEGE poweF PwiR+ay ™t ton
is greater than the readout power Pw(n), then the light intensity
recavhiemthe information recording:4ayerk(n)is irradiatedtwithiaslaser
beam with the readout 28 power Pw(n+a) may be equal to or
Salerdan e inlengiu hepiiomaecoRag lver
h(n) is irradiated Wlth a laser beam with the readout power Pw(n).
The base thickness D that satisfies such a condition is obtained _
Whe sy the tollowing THédaality sy, whith'is’d Modified Versighgressed  in
Equation (4): 100*Pw(n)/Pw(n+a)?-0.1238xD2-2.772xD+106.56
ver{bp{EMBODIMENT:2):[0043] FIG. @ illustratesra geonfiguration fort  the
a reading apparatus 400 according to the present invention. The

Pw(ﬁ?a@mgn+a) ratlio is one), the left side cof Eguation {4) 1s

100%. Meanwhile, n is an integer that is equal te cr greater

than zero and a is an integer that satisfies nta=0 and a#0.

=

roc411 The base thickness D is determined so that hthe left

=
Fh
jail
o
Uy

side of Equation (4) represegts an appropriate ratic.
a negative integer and If the readout power Pw{n+a) i1s ¢greater
than the readout power Pw{n), then the light intensity when
the information recording layver Lim} 1is irradiated with a
laser beam with the readout power Pwin+a) may be egual toc the
light intensity wher information recording layer L{n} is
irradiated with a laser beam with the readout power Pw(n}.

[0042] On the other hand, if a 1s a negative integer and xif
the readout power Pw{n+a) 1s greater than the readout power
Pwin), then the light intensitv when the information recording

layer Li{n)} i1s irradiated with & laser beam with the readout



apparatus 400 is an apparatus for reading information from an
optical disc 100. [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, aread signal processing section 405 for processing the read
signal supplied from the optical pickup, and a central processing
poweit BERAectBn 408 forgbntrolling rmtltipleséomponénts tne lignt
included in this reading apparatus 400. 29 10045] In response to a
int ©ontrol signal suppliedexternally-fromeycampeterr(nor shewnyradiated
the CPU section 406 controls the semiconductor laser control
i 5eetion 403, the servo, processing. section 404,and fhe read signal .
processing section 405. [00461 The semiconductor laser control
section 403 makes settings on readout power and ]IF
ChigigRaIsuBerpGsition “and  gats A Tasér beam enfifted from the” e °¥ =he
optical pickup (corresponding to the "irradiating section™) 402 with
foloredeterminedulaser sowen andWincidentien the optical disc 100;sion  of
Specifically, in reading information from the information recording
nqudayerL(n); the optical pickup 402 irradiates the

100xPw{n} /Pwinta) 2-0.1238xD"—2.772xD+106.56 {5)

{EMBODIMENT 2

[GO43] 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
cptical disc 160.

[0044] The reading apparatus includes an optical pickup 402,
a semiconductor laser control sectlon 403 and a servo
processing section 404 for contrcelling the optical pickup 402,

a read signal procsssing section 405 for processing the read

signal sup

#E"U_‘
Lo
@
&)

from the optical pickup, and a central

processing unit (CPU) section 406 for controlliling multiple

components incliuded in this reading apparatus 400,
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information recording layer L(n) with a laser beam with a 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
[C0detectionlsignakrgeneratedsbycthve opticalipickup 402; therelbyrternally

controlling the optical pickup 402 so that the optical pickup 402

frof@n pertgrm 30 facusing,and;tracking @perations acCUtfel-OR rols che
the information recording medium 100. [0048] The read signal

proce sin% section 405 [f)lgrfogms data reag ignaLgrocessingDand ,
sem,c%ﬁ)uct rolaser contpol Qectl%? OF. T ﬁ$rvo processing
wobble signal processing, thereby “reading data and physical

addresses and performing other kinds of processing. [0049[ A
secideordiif nediupi Aormally Hasah areacwheie vasolis kKindPbt
information about the recording medium is stored. Thus, the

[cooptical disedriveustedyeeognizesthe iype of a given reeordngy makes
medium by reference to the information that has been retrieved

setﬁ995Eha£9f39§§§%£@aﬁ9§wer and RF signal superpcsition, and

gets a laser beam emitted from  the optical pickup
{corresponding to the Tirradiating section”) 402 with
predetermined laser power and incident on the optical disc 100.
Specifically, in reading infeormation from the information
recording layver Li{n}, the optical pickup 402 irradiates the
information reccording laver L{m) with a laser beam with a
readout power Pwin). O the othsr hand, in  reading
information from the information recording layer L{n+a), the
optical pickup 402 irradiates the information recording laver
Li{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
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setting so as co generate a predetermined readout power.

However, in some multilayer recording media, the readout powers

sometimes need to be changed for one recording layer after

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
focyeached by mistakeras aresaltofithedayerto-tayercjumpecoulddenation

higher than the previous one, thus possibly deteriorating the data

recStoraghthere: 34 [0060] As a means for avoiding such a problem, it
will be effective to determine the base thickness between each

ir of adjacent rgcordingjla ers accordin% to.the tyggsof the_
0045 The 3 3 H T ) riorm T
: given reco?dlﬁgegameaf"uqr% rlec%acﬁ?zee? and then set the reddout data

powers for the respective recording layers. [0051] That is why
reaqcéording td e PRagRItUCE 8 dediease Sindight imtensiydde to ahereby
variation in base thickness between each pair of adjacent
readecordingdayers, readaot powets otordheaespestive recardingher kinds
layers are determined. [0052] It is possible to derive the
of &rgggg@q@@lﬂy between readout powers for the respective
‘recording layers based on

00497 A recording medium normally has an area where
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 been retrieved from that area and makes
setting so as to gensrate a predetermined readcout powsr.
However, in socme multilaver recocrding media, the readout
powars sometimes need tce be changed for one recording laver
after another. That is why 1f an unintentional layer-to-layer
jump has happened by mistake while such a ﬁultiiayer recording
mediuwm is scanned, ﬁhen the readout power for the recording
layer rezched by mistake as a result of the laver-to-laver
jump could be higher than the previous one, thus possibly

deteriorating the data stored there.

=



the base thickness between each pair of adjacent recording
layers by reference to the relation shown in FIG. 3. And the
readout powers for the respective recording layers are
determined so as to meet the appropriate proportionality
described above. For example, the proportionality shown in FIG.
4 may be adopted. [0053] For example, once the type of the given
[00tdcording “méditiiit has Beerfiecogriized the basenpickioss-t will be
between each pair of adjacent recording layers of that recording
ef f medivm cand 3t ebe determined.sEhus,iinfermation about praper pair of
light intensities for the respective recording layers may be stored
adj é’l&@eg&!gr@gﬁgh@é@%}% t@ecg&l&l%egcugg 4*9Jr§é Y\éheré tl}% ty_"qu@ given
of the given recording medium is recognized, that Ilgﬁ/ intensity
information may be retrieved from the memory of the CPU
LeCQERtion. THE samicodEttor Taset ontrof Section 405 set§afifgtt powers
readout power according to the base thickness thus determined,
for therebyerradiating eachrretording layer.with a laser beam with an
appropriate light intensity. Aiternatively, information about
goo@Ppropri@%@aﬁéw&;ﬁ?w§&£%% r%gpeﬁié/erﬁgggﬁ(ﬁﬂgéayy%rsdecrease
could be stored in the memory of

in light intensity due to a wvariation in base thickness
between each palir of adjacent reccrding lavers, readout powers
for the respective recording lavers are determined.

[CO52] It is possible to derive the proporticnality between

the respective recording lavers based on

Hh
O
[

readout powers

the base thickness between each pair of adjacent recording

layers by reference to the relation shown in FIG. 3. And the

readoutt powers for the respective recording lavers are

determined so as to meset the appropriate proportionality

described above. For example, the proporticonality shown -in

FIG. 4 may be adopted.

[0053] For examplie, 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



the CPU section 406. [0059.) In that case, the readout power
information may be obtained and stored by calculating readout
powers by reference to the relation between the base thickness
and the light intensity shown in TIC. 4 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 as
pe hightasthe:fight intensity:svhenia fasersheam wittbauweadoutorrer light
power for the latter recording layer is focused on that 33 recording

inclayeras intended. And when the type. of the given. yecerding ne scored
medium is recognized, the readout power may be determined.

~ 0055] While the present invention has been described with L

I fed5EE S prafénat Sbodiments theredt thediséidRed hvéhtiolr “¥°°
may be modified in numerous ways and may assume many

of emsodithents otherthadarthosesspevifically describedzabovethat  Lignt
without departing from the spirit of the present invention. For

1ntexample ithereadout-power information yaay alse berebtanedy or the
and stored so that the light 'intensity when a laser beam with a

cpur%%QSHE£¥PNeE§¥'%@%{%g%rdggé%y%gggr control section 403 sets

the readout power according to the base thickness thus
determined, thereby irradiating each reccrding layer with s
laser beam with an appropriate light intensity. BAlternatively
information about appropriate readout powers for the
respective recording layers could be stored in the memory of
the CFU section 406.

100547 Irn that case, the readout power information mayv be
obtainad and stored by calculating readout powers by reference
to the relation betwesen the base ftThickness and the light
intensity shown in FIG. 4 so that the light intensity when a
laser beam with a readout power for cone recording layer 1s
focused unintentionally on ancther 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

42
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focused unintentionally on another recording layer becomes equal
to or lower than the light intensity when a laser beam with a
readout power for the latter recording layer is focused or. that
recording layer as intended. [0056; Furthermore, in the preferred
embodiment described above, the readout power information: is
supposed to be obtained and stored so that the light intensity on a
recourohgd récarding: layerreached by mistakeas aresulvofant the given
unintentional layer-to-layer jump becomes equal to or lower 34
recthan an appropriate light intensity for thatrecarding,layerysyer  may  be
However, the readout power information may also be obtained
and.stored so that the light intensity on that unexpected recording
Fa{":fg'rrﬁeComes equal to or lower than a light intensity at which the
data stored on that recording layer starts to deteriorate. [0057]
[ 00 AlternatiVely ;- the- feadoit Fower rigs beé detérminedeandssaved by with
reference to the relation between the variation in base thickness
respaddhedightintensityas showpdnd=E: 3 o+ Still-alternativels -2 osed
the readout power may be calculated by the approximation

_nvgﬂ%'ﬁ?‘HQ”:%Q?WBén EL'O%J.%Péd in numerous ways and may assume

det

many embodiments other than those specifically described
above without departing from the spirit of the present
invention. For example, the readout power informatiocn may
alsc be obtained and stored so that the light intensity when a
~laser beam with a readcut power for one recording layer is
focused unintentionally on another recording layer becomes
eqgqual to or lower than the light intensity when a laser beanm
with a readout power for the latter recording lavyer is focused
on that recording layver as intended.

[0054; Furthermore, in the preferred embodiment described
above, the readout power Informetion iz suppesed to be
obtained and stored so that the light intensity on a wrong

recording layer reachsd by mistake as & result of an

unintenticonal layer~to-layer Jjump bescomes egual ©o o0r LoWer



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 that 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
tharjtgaticRiePreadcut poWérs! forthelfespeetivé fécoreing fayers laver.

could be determined so as to avoid deteriorating the stored data
How@ssGompletely asqa 3b:possible within the range ok reagdost pewerstained

that can be set for the respective recording layers. In a situation

and nggq:é@e g%ad%POWEE iS., ff&l%losgr;@emgf{&pe&qmlEhlcfn‘.an unexpected

unintentional layer-to-layer jump has happened, the deterioration
of the stored data cannot be avoided entirei.v but its influence can =~
LeCeHift B minfiized. [O65T Rer&ifidtter, an informafidfitecording @  119ht
medium according to the present invention will be described in
intéurther detail. wWain parameters> {0060 Although:the preseritng layer
invention is applicable to
starts to deteriorate.
[0C57] Aiternatively, ftThe readout power may be determined
and saved by reference to the relation between the variation
in base thicknsss and the light intensity as shown in FIG. 3
or 4. Stiil alternatively, the readout power may be
calculated by the approximatlon eguation shown in FIG. 5 or
represented by Equation {(3), {4) or (5) and then saved.
[00658:; Also, readout powers that can be defined for the
respective recording lavers of a recording medium could fall
within a range from a resadcut power that is low enocugh tTo
avoid detericrating the quality of a read signal through a
rezdout power that 1s high enough to avoid deteriorating the
data stored there. In such & situation, the readout powers

for the respective recording layers could be determined so as

te avold deteriorating the gstored data as completely as



various types of recording media including Elu-ray 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 BDs include a BD-RCM

(read-only), a BD-R (write-once), and a BD-RE (rewritable). And
POs$hE Presentinverition S3aElicablerteraRy ttypesHED bR ah opticaPe

disc compliant with any other 36 standard, no matter whether the
for regerding paedibm isaROMnireadyonly), amR {wrte-eRce) Orattre the

RE (rewritable). Main optical constants and. physical formats for
readitgayRises are. disclosed ju JElu-fay Disc Readar; (published :

by Ohmsha, Ltd.) and on White Paper at the we S|te of Btu-ray

Disc Association http://www.bl.u raydisc.com), for example.
unins6ET) Spetificallyyss Tora'EBea laserBBam with a waRIERGtH

of approximately 405 nm (which may fall within the range of 400
detamdoxlinotsupposingtthestoledanee oterrors issS amowithd entirely

respect to the standard value of 405 nin) and an objective lens
but With,anMA (nurerical aperture).of, approximately 0.85 (which

may fall within the range of 0.84 to

et

wn

¢t
jm
b

[G059] Hereinafter, an information recording medium

according to the present inventicn will be described in

further detail

<Main parameters>

10060] Although the present inventlicn 1s applicable to

various types of recording media incliluding Blu-ray Discs (BDg)

foot
(=

and discs with other standards, the following

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

classified according to the property of thelr recording film

inte various types. Exampies of those wvarious BEDs include a
BD-ROM {read-only), 2 BD-R {(write-cnce), and a BO~RE
{(rewritable). And the present invention is applicable to any

type of BD or an optical disc compliant with any other



0.86 supposing the tolerance of errors is -0.01 with respect to the
standard value of 0.85) are used. A ED has a track pitch of about
0.32 p m (which may fall within the range of 0.310t0 0.330 pm
supposing the tolerance of errors is 0.010 p m with respect to the
standard value of 0.320 p m) and has one or two recording layers.
A ED has a single-sided single-layer or a single-sided dual-layer

stagtitieture ' tHe Yaler Heamintidentsidecarnd ittredording plafe @ ROM
or recording 37 layer is located at a depth of 75 p m to 100 p m as

{reseasured, fram the suface-afithe protective coatingofthe BDe). Main
[0062] A write signal is supposed to be modulated by 17PP

opt MModulation technique, Recording marks, ate syposed o have, the. ..
shortest mark length of 0.149 p m or 0.138 p m (which'is the

. _length of a 2T mark, where r is one cycle of a reference clock

LS iiSE And'a réferentd detivd of AbdulatiBh in & Sitation WHefea 109
mark is recorded in accordance with a predetermined modulation

and rgle) Wh.eteca ehaanebbit {ergtheP =0 24.50 mhuoeré9.00ism. Thecciation
ED has a storage capacity of 25 GE or 27 GB (more exactly,

(1 25:029.6B:0r.27.020. GE)dfit is a- singlessided, single-layer disc

but has a storage capacity of

0061} Spacifically, &as for a BD, a laser bheam with a
wavelength of approximately 405 nm (which may fall within the
range of 400 nm to 410 nm suppcsing the tolerance of errors is
=5 nm with respect to the standard value of 405 nm) and an
objective lens with an NZ (numerical aperture) of
approximately 0.85 (which mav fall within the rangs of (.84 to
0.86 supposing the tolerance of errors is T0.01 with respect
Lo the standard wvalue of 0.85) are used. L BD has a track
pitch of about 0.32 g m (which may fall within the range of
0.310 teo 0.230 9 m supposing the tolerance of errors 1s =
0.010 ¥ m with respect to the standard value of 0.320 um and
has one or two recording layers. L BD has a singie-sided

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

laser beam incident side, and 1ts recording plane or recording



50 GB or 54 GE (more exactly, 50.050 GB or 54.040 GB) rfitis a

single-sided, dual-layer disc. [0063] The channel clock frequency

is supposed to be 66 MHz (corresponding to a channel bit are of

66.000 Mbit/s) at a standard BD transfer rate (BD Ix), 264 MHz

(corresponding to a channel it rate of 264.000 Mbit/s) at BD 4x

transfer rate, 396 MHz (corresponding to a channel bit rate of
1ay396100QL Mbitts) at BD: 6xdransferrraie, and 528 Mz ¢ » as measured

(corresponding to 38 a channel bit rate of 528.000 Mbit/s) at BD
sro®Xtransfersate. [0064])-Apddihestandard linear velocity-(which will

also be referred to herein as "reference linear velocity" or "Ix") is

posed to be 4.917 m/sec.or 4.554 m/sec. The 2x, 4x, 6xand. ~ ____

100 moar velteiits 41 Siad meSbPI0 bs e, S5 a7 ety 1777

and 39.336 m/sec, respectively. A linear velocity higher than the
modigtaidard linediveldeity is normely & poaitie intsyral'iimber of-© have

times as high as the standard linear velocity. But the factor does
zhe NOLDAVELO bean integerbulmay also pexa pesitive yeanimbgrs cr. 1

Optiona"_ly, a near velocity that is lower than the standard linear

the VEIOGIY, (Sueh asa O,ox lineqy velocity) may also.be.defined, . rorence
clock pulse and a reference period of modulation in a
situation where 2 mark 1s recorded in accordance with a
predetermined modulation rule), i.e., a channel bit length T
of 74.50 nm or 69.00 nm. The BD has a storage capacity of 25

GB or 27 GB (more exactly, 25.025 GB or Z27.020 GB) ii it 1is =&

h

single-sided, single-iayer disc but has a storage capaclty o

50 GB or 54 GB (more exactly, 50.050 GB or 54.040 GB) 1if 1t is

a single-sided, duai-layer disc.

[0063] The channel clock frequency 1ls supposed toe be 66 MHz

{corresponding tce & channel bit rate of 66.000 Mbit/s) at a

standard BD transfer rate (BD 1lx), 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 6éx transfer rate, and 528 MHz (corresponding to



[0065'1 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 a storage capacity of approximately 32 GB
or approximately 33.4 GB per layer and three- or four-layer BDs
a cClhiavesalready bden Tésearctied didideveloped? Meteirafgrsfer rate.
exemplary applications 39 of the present invention co such BDs
‘ool be deseribed. <Structure with: multipledipfermation cecardingaiso be
layers> [0066] For example, supposing the optical disc is a single-
-erSiqed dise, fromion which, information is read apgior writlen by ., .
““*having a laser beam incident on the protective coating {cover
layer) side, if two or more recording layers need to be provided,
SUPRRER%hBSe Multiple feEortifg Pavérs sHodtd & -arrafied betdéentx and
the substrate and the protective coating. An exemplary structure
8x forsuch armudtilayes disexds showadn kIGed. The.apticakhdisez, 29.502
shown in FIG. 7 has (n+1) information recording layers 502
n/sdWhere, 4. is;andntegerthat is egualto. orgreater thanzero), eiocicy
Specifically, in this optical disc, a

yois

higher than the standard linear velocity 1s normally a

positive integral number of times as high as the standard

linear wvelocity. But the factor does not have to be an

integer but may alsc be a positive real number. Opticnally, a

lingar velocity that is  lower than the standard linear

velocity (such as a 0.5x linear velocity) mav alsc be defined.

[0085: 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 capacitiss of BDsz, high-~densgity BDs with & storags

capacity of approximately 32 GB or approximately 33.4 GB per

layer and three- or four-layer BDs thave already Dbeen

researcnied and develcped. Herelnafter, exemplary applicaticns

39



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 on which a laser beam 505 is incident. Also, between
each pair of adjacent ones of the (n+1) information recording
layers 502, inserted as an optical buffering member is a spacer
_ layer 503. That is to say, the reference layer LO may be arranged
of GtthB'dedpestieverthatis ivcated atd ¢ prédéterfrifed dépth
from the light incident surface (i.e., at the greatest distance from
the light source). Multiple recording layers L1, L2, ... and Ln may
be stacked one upon the other from over the reference layer LO
<5+ fqwardthe fight incidentsurface..[0067] In.this.case, the. depth of
the reference layer LO as measured from the light incident
rOOgoEL)Jrface %f the multi-layer_disc ma bgkg-:-qualjo the depth (e.g., . .
1O Sbproximately 927 i) SHRRE DIV récording tayer 6F&° 15 & single
single-laver disc as measured from the light incident surface. if
sidqde depth of tardeepest tayer(fermhbimostdistamtdaysrlisr written
constant irrespective of the number of recording layers stacked
by (&riifdhes deepest layenof atpultiayer discisdocated at+ive coating
substantially

(cover layer) sice, if twe or more recording layers need to be
provided, then those multiple recording lavers should be

arranged between the substrate and the proteciive coating. An

exemplary structure for such a multilayer disc is shown in FIG.

7. The optical disc shown in FIG. 7 has (n+l) information
recording layers 502 (where n is an integer that i1s egual tc
or greater than zerc). Specifically, in this optical disc, =a

:

cover laver BOLl, (n+l) information recording layers (lavers Ln
through LO) 502, and a subsirate 500 are stacked in this order
on the surface on which a laser beam B05 is incident. Alsc,
between each pailr of adjacent ones of the {(n+l) information
recording layers 502, inserted as an optical buffering member

is a spacer layer 503. That is to say, the reference layer LO

may be arranged at the desepest level that 1s located at a

40



the same distance as the only recording layer of a single- laver
disc), compatibility can be ensured in accessing the reference
layer, no matter whether the given disc is a single- layer one or a
multilayer one. In addition, even if the number of recording layers
stacked increases, the influence of tilt will hardly increase. This is
because although the deepest layer is affected by tilt most, the
rredepiipiing 4eridepestiayerof Bialtilayer discts approximately ., at
the same as that of the only recording layer of a single-layer disc,
the ang-daes NOt increase-iv this sase-even ifithe-numberaf, . muitiple
recording layers stacked is increased. [0068] As for the beam spot
_.mavi irection (which will also be -referred to herein as a _
Iev%%éﬁ%; dai}/gé"tlsor%ﬂdr étl é""vsp'i'raiaaﬁe%ﬁoﬁqa)ythgeeops)tlg‘gl disc mhay beo" =7
either a parallel path type or an opposite path type. In a disc of
°th%Re ddrdllel Path types theSpotgoes in e samé difsttioiionthe  1ight
every layer, i.e., from some inner radial location toward the outer
incitige-obithéadisc or from some outer radial location toward the
inner edge of the disc on every recording layer. [00691 On the

iooéﬁhefhaﬁqi%h%é“%%géﬁ“%99p8§599%ﬁ‘the reference layer L0 as
measured from the light incident surface cf the multi-~laver
disc 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 deepest
layer (i.e., the most distant layer) ls constant irrespective
cf the number of reccording layers stacked (i.e., 1if zhe

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 ensured in accessing the
reference layer, no matter whether the given disc is a single-
layer one or a multilayer one. In additicn, even if the
numpber of recording layers stacked increases, the influence of
tilt will hardly increase. This 1s because although the

deepest layer is affected by tilt most, the depth of the



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
decgonte oaterradial focation: 42vtowardsthe isnenedge (whichLy the same
direction will be simply referred to herein as "inward"), the spot on
as thesrecordingdayer;k2 willgosoutward,and se forth. Thatisto say. ¢ sc,
the spot on the recording layer Lm (where m is either zero or an
4 &ven number) will go outward hut the spot on the rggordigleg Ia)éerb .
an meﬁswiﬂ%“o iAWar .aé%nvler?seﬁ,‘t%e %%% off the re‘cbrdlltng Ianyépf |roos
Lm (where m is either zero or an even number) will. go inward but
receie Spot o the rédordirigtlayerinf*dawiiflgo outward. [0070] As
for the thickness of the protective coating (cover layer), to
roosainimizenthedntiuence ofspot distortien: due ta ither adecrgase, will
in focal length with an increase in numerical aperture NA or the

alsé”t"tgepggteef‘ygg ngt”}%géaisé as a “trackling direction” or a
“spiral direction”), the optical disc may be elther a parallel
path type or an oppcsite path type. In a disc of the parallel
path type, the spot goes in the same direction on every laver,
i.e., from some inner radisl locatlion 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) On the other hand, in a2 disc of the opposite path

type, the spot moving directions are changed inte th

@
O
o
o
o]
0
o
-
0]

one every time the layers to scan are changed from cne

recording laver inte an adiacent one. For example, 1f ths

spot on the reference layer LO goes Ifrom some inner radial

location toward the outer edge (which direction will be simply

referred to herein as Toutward”), then the spot on  the

recording layer L1 will go from some outer radial location



have its thickness reduced. A numerical aperture NA is defined to
be 0.45 for a CD, 0.65 for a DVD, but approximately 0.85 for a
BD. For example, if the recording medium has an overall
thickness of approximately 1.2 mm, the protective coating may
have a thickness of 10 p m to 200 p m. More specifically, a
single-layer disc may include a transparent protective coating with
towarthickress:obapproximately-0. 1<inne 43iand @i substrateiwith a referred
thickness of approximately 1.1 mm. On the other hand, a
to guaklayerdise may inelude aprotective (coating with.a thickness ., w2
- of approximately 0.075 on, a spacer layer with a thickness of
__approximately 0.025 mm and a, substrate with a thickness of .
il p%?oﬁﬁw%‘f&@%.ﬁ%. Hndif “the-disc hak three r more  t7e SPot on
recording layers, the thicknesses) of the protective coating and/or
the spacertaier coaldsbe furthériredticed. <Confiutationsifor singles even
co four-layer discs> [0071] FIGS. 8, 9, 10 and 11 illustrate
nuni€xemplany. cgpfigurations fersingle-laygrrdual-layer, theee fayer; 1ayer
and four-layer discs, respectively. As described above, if the
s 19521062 from the, ight incident surface to the referenge

Iser

the recording
layver Im (where m 1s either zero or an sven number) will go

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

cutward.

(00701 As  for the thickness of the protective coating
{cover layer}), to minimize the infiuence of spot distortion
due to either a decrease in focal length with an increase 1In

numerical aperture NA or the tilt, the protective cqating may
have its thickness readuced. 2 numerical aperture NA is
cefined to bea (.45 for a Ch, 0.65 for a DVD, but approximately
0.85 for a BD. For example, 1f the recording medium has an
overall thickness of approximately 1.2 mm, the protectives
coating may have a thickness of 10 ¥ m te 200 B m. More
spacifically, a single-layer disc may 1include & transparent

‘protective coating with a thickness of approximately 0.1 mm



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 label printed) and the
substrate 500 may have a thickness of approximately 1 mm. That
is why the distance from the light incident surface to the reference
layer LO will be approximately 0.1 mm 44 in any of the examples
and spwitfreE KESE 9611 9n the SiGlas |&jeridise Showit fn FIG.-8 mm.  On
(i.,e.,ifn=0in FIG. 7), the cover layer 5011 has a thickness of
the approximately 0. lamaudn-the,dualdayer dise shawnind-1G. @ fcesctive
if n=1in FIG. 7), the cover layer 5012 has a thickness of
coa BARLOYMately Q.075/MOL ANING SNACELIRVET PSO2AA8 By, = cpace:
thickness of approximately 0.025 mm. And in the three-layer disc
shown in FIG. 10 (i.e., if n=2in FIG. 7) and in the four-la ayer disc
layShowh Y FIG. 117 (6N 9FA=3n FREFIINEToReEY lajer 80137 and &

5014 and/or the spacer layer 5303, 5304 may be even thinner.
sub§0072f Suchia multiaysrdise (i€, adisowithek erecorfding fayers,Ana 1f
where K is an integer that is equal to or greater than one) may be
tne Made by-performing the following, manufactyring pro¢ess steps.ess (es)

of the protective coating and/or spacer laver could pe further

raduced.

<Configurations for single- to four-layer discs>

(00711 FIGS. g, G, i0 and 11 illustrate exempliary
configurations for single-layer, dual-layer, three-layer and
four-layer discs, respechtively. As described above, 1f the
distance from the light incident surface to the reference
layer LO i1s 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 1f there is a label printed)

and the substrate 500 may have a thickness c¢f approximately

[-—

1 mm. That 1is why the distance from the light incident

surface to the reference laver LO will be approximately 0.1 mm
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[00737 First of all, the k recording '.aye--s, 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
C.84 to 0.86, are formed on a substrate with a thickness of
approximately .1 mm. [0074] Next, (k-1) spacer layers are formed
between the 45 recording layers. As for a single-layer disc, k=i
in and k£1+h6, andithérefoséono spacerfayers are provided. T0@75kngle-
Subsequently, a protective coating with a thickness of 0.1 an or _
1aydessds formed.on the kih one gf the recording Jayers ag cowntedy; .y
from the substrate (i.e., the most distant -recording layer from the
substrate i u7.'i.ayer recording medium OO76LIn the step of -
o g he br i Sl G St RO RANG B3 (anare T
is an odd number that falls within the range of one through k) as
the counted from. thies substrate is foried Seithercconcentrie=ar spirdllc. 7).,
tracks are made so that the laser beam scans that recording layer
the fromesome/innesaadialdecation onithesdise towasd theeuter edgen 75 mm
thereof. On the other hand, when tlne , h recording layer

g

and the spacer layer 85302 has & thickness of approximately
0.025 mm. And in tThe three-laver disc shown in FIG. 10 (i.e.,
if n=2 in FIG. 7) and in the four~layer disc shown in FIC. 11
(i.e., 1f n=3 in FIG. 7), the cover layer B013, 5014 and/or
the spacer layer B303, 5304 mavy be even thinner,

1

(00721 Such & multilayer disc (i.e., a disc with k
recording layers, where k 1s an integer that is egual to or
greater than one) may be made by performing the following
manufacturing process steps.

[0G731 First of all, the k receording layers, from which
information 1s retrievable using a laser beam with a

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

a numerical aperture of .84 to 0.86, are formed on

|

substrate with a thickness of approximetely 1.1 mm.

(00747 Next, (k-1) spacer lavyers are formed between the
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(where 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 single- layer disc, k=1,
and therefore, the odd number i that falls 46 within the range of
recongithwoughkmmust be dne wheniks Is-ahalyanlyione recordingrd k—1=
layer is provided as the ith recording layer. Also, if k =I, there is no
0, evendumber|thatfallswithin the range.etone through k, and
therefore, no jth recording layer is provided. Optionally, the light
. m scanning direction could be opposite to each other between.
O LBy AT b ey (0T TT And 1P st pomer =2
of the laser beam in reading information from an nth one L(n) of
of @’néiﬁ“f@rn@&”ti&ﬁ?éc&ﬁiﬁ@%%?s,%hiéﬁ%rébhomﬁ@d%%q‘ﬂéﬁtiélﬁﬁordiﬁg
from one of the information recording layers that is located most
iay<listant fromithe data side attheuinfermation recording:megium, i stant
identified by Pw(n), and if the readout power of the laser beam in

rec£§89W§i?§¥9¥“¥¥bﬁ°§h@“éﬂ%%ﬁ%%@%L&Q?%)Qi}ﬁ?izayer recording

medium) .
{co76)] In the step of forming the recording lavers, when
the 1" recording layer (where i is an odd number that falls

within fthe range of one through k) as counted from the

substrate 1s formed, either concentric or spiral tracks are
made sc that the laser beam scans that recording layer from
scme 1lnner radial location on the disc toward the outer edge
thereof. On the other hand, whan the
(where 3 is an even number that falls within the range of one
through ki as counted from the substrate i1s formed, either
concentric or spilral tracks are made so that the laser beam
scans that recording layer from some outer radial location on
£

the disc toward the inner edge theraof. As for a& single-

layer disc, k=1, and therefore, the odd number i that falls
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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 L(n) and
L(n+a) (-.e., the sum of the spacer layers between the information
recording layers L(n) and L(n+a)) is 47 identified by D, then
wit100xPw(n)/Pwya+a)?-0uk238xD22 7 72xD+106560andwPw(n)k =1, and
Pw(n+a) are satisfied, (where n is an integer that is equal to or
onlgreater than Zzera» and & is.aninteger thatsatisfies4za ~0-and ccording
a00) 10078] A read operation is performed on such a multilayer
1 disc (i.e,, a disg_:gvi;hmkﬁrecgrrging layers, where k is an iptegqr,thgt P
“¥{s equal'td or greater than one) by a réading “Apparatis that is'an =47
~apparatus with the following configuration (or the method to be N
wilitescribed &R 0079] PhE diseinaginclude @ subshate Wittta 1o 17
thickness of approximately 1.1 mm, k recording layers on the
recsubstrate] fer<l) spacertavarsdetweendbedecording layersi(there beam
is no spacer layer in a single-layer disc because k =1 and

Scaﬁg%%%ogarection could be cpposite to each other between an
cdd laver and an even layer.

10077] And ii the readout powsr of the laser beam in
reading information from an n*® one L(n) of the information
recording layers, which are counted seguentially from cne of
the information recording lavers that is located most distant
from the data side of the information rescording medium, is
identified by Pwin}, and 1f the resadout powsr of the laser

th -
i T

beam in reading information from an (n+a)™ one {nta) of the

information recording lavers, which are counted seguentially

h

from the most distant recording layver from the data side o
the information recording medium, is identified by Pwin+a),
and if the base thickness betwsen the information recording

iayers L{n) and Lin+a} {(i.e., the sum of fhe spacer lavers

between the informaticon recording lavers Liny and Lin+a)) is
J h%
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k-1=0), and a protective coating with a thickness of 0.1 mm or
less on the knrecording layer as counted from the substrate (i.e.,
the most distant recording layer in a multilayer disc). Tracks are
made on each of the k recording layers, and various kinds of
areas can be assigned to at'_east one of .hose tracks. 48
V00801 And by irradiating the disc with a laser beam wit:. a
1depavielengthyof400 nm to 410 nm using an objective lens with a
numerical aperture of 0.84 through 0.86 through the surface of

the protectivecpatingran-aptical head canead  informationfrom,  anq
any of the is recording layers. ]0087.] The reading apparatus
includes an irradiating means . for.irradiating the information
recording mediur with a I836r beam’ The irradiating means
_irradiates an n”* one L(n) of the information recording layers as
WnGurfted Troh the oSt distintirectiding lagef froft tie Hata side 26 ¢
of the information recording medium with a laser beam having the
and readeut powere Pyw(n) iR readingsinfermationfron the information
recording layer L(n). And the irradiating means irradiates an

roofataur. ;one Ln+a).of the informationgecording Jayers,as. uiv:1ayer
counted '

disc (il.e., a disc with k recording layers, where k i1s an
integer that is equal to or greater than one) by a reading
apparatus that is an apparatus with zhe following
configuration (or the method To be described later).

[0079] The disc may include a substrate with a thickness of
approximately 1.1 mm, k¥ recording layers on the substrate, (k-
1) spacer layers between the recording layvers ({(thers 1s no
spacer laver in a single-iaver disc because k=1 and theresefore
k-1=0), and a protective ccating with a thickness of 0.1 mm
or less on the k" recording layer as counted from the
supstrate (i.e., the most distant recording layer in a
multilayer disc). Tracks are made on each of the k recording

layers, and warious kinds of areas can be assigned to at least

one of those tracks.
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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+a) in reading information from the
information recording layer L(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. 49 F 0082] Hereinafter, the physical structure of _
[00&Reé opticadisty100 Willlise described i furthertdetail [9983] pi@n with
12 illustrates the physical structure of an optical disc 100
wascording-tothis: preferred-embodiment.iQp the disklike opticabns with
disc 100, a lot of tracks 2 are arranged either concentrically or
S |raII . And eacl h of thoggrgg@@&s gHbglvy@deg@%lgtge surface
sectors fb\s \%ﬁfﬁbe described later, data is supposed to be written
on each of those tracks 2 on the basis of a block 3 of a !
of  niédeteffied sizES [0082] THE opticHl diSPTO6 ot thi§ preferfet®  £53¢
embodiment has a greater storage capacity per information
infsecarding layer: thary acconventionad opticahdist(sech as a 25 GB
ED) . The storage capacity is increased by increasing the storage

{Ooyﬂ?ard%ﬂ%ﬁ@éﬁgjﬁy%ﬂ%ﬁ%@@@éhgdygg&@ﬁgﬁLQE@%EEQHEhg means

o

for irradiating the information recording medium with a laser

beam. The irradiating meens irradiates an n one Lin) of
the information recording layvers as counted from the most
distant recording layer from the data side of the information

recording medium with a laser beam having tne readout power

Pwin) in reading information from the information recording

layer Li{nj. And the idrradisting means irradiates an (n+a) ™"
one Li{nta) of the informaticn recording layers as counted
from the most distant recording laver from the data side of
the information recording medium with a laser beam having the
readout power Pw(n+ta) in  reading information from the
information recording layer Lin+a), where n 1s an integer
that is equal to or greater than zero, and a 1s an integer

that satisfies n+a=0 and a#l.
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marks to be left on the optical disc, for example. As used herein,
"to increase the storage linear density” means shortening the
channel bit length, which is a length corresponding to one cycle
time T of a reference clock signal (i.e., a reference cycle time T of
modulation in a situation where marks are recorded by a
predetermined modulation rule). 50 The optical disc 100 may
[00%ave muttiple inforhvationtieeoiding 1la/erss inuhefollowingthe coptical
description, however, only one information recording layer thereof
disWillde described fek convanience sakes In asituation where there
are multiple information recording layers in the same optical disc,
en the tracks have the same width between.the respective PR
- O%férmatibh(%éczl%in@ﬂélyggsr;atﬁ%ssto%r%\ge Iﬁ?r?”é%%%nsﬁié%%bﬂf& o e
also be different from one layer to another by uniformly varying
opt e marclengfts orradayerbylaydibasis o085 Eachitrack oot - On
divided into a lot of blocks every 64 kB (kilobytes), which is the
the Oata recarding tnit: Angt dhosed)ocksiare given sequertiat blockrranged
addresses. Each of those blocks is subdivided into three

ELtﬁgpbé%%lgséﬂ%mg§Y§ggO%) @E%dggﬁrylne%!?@gggcglﬂeught&%%se tracks 2

subblocks form one block).

is subdivided into a lot of sectors. As will be described
later, datz i1z supposed to be written on each of those tracks
2 on the basis of a block 3 of a predetermined slze.

[0084] The optical disc 100 of this preferred embodiment
has a greater gtorage capacity per information recerding layer
than a conventional optical disc {(such as a Z5 &B 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 fLhe optical disc, for example. hs= used
herein, “to increase the storage linear density” means
shortening the channel bit length, which 1s a length

corresponding to one cycle time T of a reference clock signal

(i.e., a reference cycle time T of modulaticon in a situation

where marks are recorded by a predetermined modulation rule;.
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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. 51 [00871 FIG. 13(a) illustrates an example of a 25 GB BD, for
which the laser beam 123 is supposed to have a wavelength of
405 nm and the objective lens 220 is supposed to have a .
The nifféfical apetturé QRAYBf 018500881 AR'iR al DVDMdatas alseording
written on the track 2 of a BD as a series of marks 120, 121 that
layeare.producedas:a resultef acphysicakvariatian. Thewshaertest oney one
of this series of marks will be referred to herein as the "shortest
1nedPAK 10 FIG. 13(3) the mark. 12115 the shortest mark. JO0BSlMA,  ¢o;
a BD 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 =
CongHortest mark of-a DVD. AndPeveri it tie }%Esfoﬁ’ﬁtioﬁhc?ifﬁ gy THltipie
beam is increased by changing the parameters of an optical
infeystemosuckas:therwavelength 1(405andzand thve NA (08B cthisven 1I
value is still rather close

the tracks have the same width betwesn the respactive
informaticn recording lavers, the stcrage linear densities
could also be different from one layer Lo ancther by uniformly

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

[0085] Each track 2 is divided into a lot of blocks svery
04 kB (kxilobytes), which is the dats recording unit. And
those blocks are given seqguential block addresses. Each of

those plocks 1s subdivided into three subblocks, each having a

predeterminaed length {(i.e., three subblcocks form one block).

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

2 in this order.

<Storage density>

[(0C86] Hereinafter, the storags density will be described

wlth reference to FIGS. 13, 14, 15 and 16.



to the limit of optical resolution, below which recording marks are

no longer sensible for the 1_ight beam. [0090] FIG. 14 illustrates a

state where a light beam spot has been formed on the series of

recording marks on the track. In a BD, the light beam spot 30 has

a diameter of 52 about 0.39 am, which may vary with parameters

of the optical system. If the storage linear density is increased
[O0%vithout ¢Hangihg ke stiucttites of the opticatsystem, therbthe 2D, for

recording marks will shrink for the same spot size of Inc Wight
whiBeannspat3Q ang-the regd resolution wilkdecregse 00911 Qnthe r o+
other hand, FIG. 13(b) illustrates an example of an optical disc
with an even higher storage derjllsai%gthg @ 22 GBBD. Buteven

405 "nim gl ; ohTe e ¢ have &
for suc% a disc, thej?aser beam “

. 1S SuppaGs 9
is also suppose@cfo%ave a
wavelength of 405 nm and the objective lens 220 is also
nunggpphsed e Have d umeérical-aperture (NA) of 0.85. Among the
series of marks 124, 125 of such a disc, the shortest mark 125
[0ch@as a physicaklengthrof 0::115 psme(ofo Otk A p m). Camparedy 2 of
to FIG. 13(a), the spot size remains approximately 0.39 p m but
» ppotbdhe recording marks.and the, inteq beween.the marks, ..y .. .

have shrunk. As a result, the read

1
=
o
&)

result of a physical wvariation. The shortest one of
series of marks will be referred to herain as the “shortest
mark”. In FIG. 1i3{a), the mark 121 1s the shortest mark.
[0089] In & BD with a storage capacity of 25 GB, the
shortest mark 121 has & physical length of 0.149 um, which is
approximately 1/2.7 of the shortest mark of & DVD. And even
if the resolution of a laser beam is increased by changing
the parameters o©f an optical system such as the wavelengih
(405 nm) and the NA (0.85), this value 1s still rather close
to the limit of optical rescolution, below which recording
marks are no longer sensible for the light beamn.

[0G90] FIG. 14 iliustrates & state where a llight beam spot
has been formed on the series of recording marks on ths

-

track. In a BD, the light beam spot 30 haz a diameter of

ih
-2



resolution will decrease. [0092] she shorter a recording mark, the
smaller the amplitude of a read signal to be generated when the
recording mark is scanned with a light beam. And the amplitude
goes zero when the mark length gets equal to the limit of optical
53, resolution. The inverse number of one period of these
recording marks is called "spatial frequency" and a relation o
aboyfetiveeh the spatiaf frefténts Bhdthe sigAar amplitude’is iledP =+ &~
an "optical transfer function (OTF)". As the spatial frequency
sysiiges, thefsighal amplitugde decreasesizalmgst lineady.Ard the without
retrievable limit frequency at which the amplitude of the signal
cha @&429@1@;’5 called an,QJF %Off‘cﬁ@o%ﬁlg\éﬂS ﬁ/@*ﬂfﬁph then the
showing how the OTF of a BD with a storage capacity of 25 GB
i chgnges with the shartest _frﬂ,ecordjﬁngr mg}gk Ien(%%h. The §patigl -
TeCHRaUBhcy Bt the Shortest matk ona BD'iS approximately 80% of- = —€
and is rather close to, the OTT cutoff frequency. It can also be
1igsednethat sordadB Gignal representing tie shoiest mark Hagcrease.
amplitude that is as small as approximately 10% of the maximum
[ooddetectable -he other hand, FIG. 13(b) illustrates an example

of an cptical disc with an even higher storage density than a
25 GB BD. But even for such a disc, the laser beam 123 1is
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%. BAmong the series of marks 124, 125 of such a disc, the
shortest mark 1285 has a pnysical length of 0.1115 ¢ m (or

0.131175 d omy. Compared to FIG. 13{(a}, the spo

t
i
fod
Iy
€}
a1
T
=
s

H
ps]
0

approzimately 0.39% M m but both the recording marks and the

interval between the marks have shrunk. As a result, the read

resolution will decrease.

(00921 The shorter a recording mark, the smaller the

amplitude of a2 read signal to be generated when the recording

mark is scanned with a light beam. Angd the amplitude gcas

14

zaero when the mark length gets egual to the 1imit of optical

LS
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amplitude. The storage capacity at which the spatial frequency of

the shortest mark on a BD is very close to the OTF cutoff

frequency (i.e., the storage capacity at which the read signal has

almost no amplitude) corresponds to approximately 31 GB in a

BD. When the frequency of the read 54 signal representing the

shortest mark comes close to, or exceeds, the OTF cutoff o
resdfeddency, thellifit ofotica résBiGasn May Fave beehlf&hcrdd “ese

or even surpassed for the laser beam. As a result, the read signal
recdiames tohaves deceeased amplitude anckthe=SNR drops:steeply.and =

[0094] That is why the high storage density optical disc shown in
r@lal:tllcadrg'g(gle\y\?é‘é%ha¥géts Sstlggas&%lineafr@%@yqdeﬁ@ﬁg by the signal

frequency of the read signal representing the shortest mark,

‘which may be in the vicinity of the OTF cutoff frequency (i.e,, itis, i
2P Yoiarthar, Bidtnstsighificahtly fower AR tHe OTEcutor (O B

frequency) or higher than the OTF cutoff frequency. [009 ] FIG. 16
the isagraph showing how thessignaltamplitbdeachanges withethglecreases

spatial frequency in a situation where the spatial frequency of the
alméggﬂu¥¥5@§g§9zT)isiygheEinan§Q%rievable limit freguency at

which the amplitude of the signal goes zero is called an OTF
cutoft.

[0093] FIG. 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 frequency of the shortest
mark on a BD is approximately 80% of, and is rather close to,
the QTF cutoff freguency. It can alsc be sgesn that a read
signal representing the shortest mark has amplitude that is
as small as approximately 10% of the maximum detectable
amplitude. The storage capacity at which the spatial

freguency of the shortest mark on a BD is very close to the

OTF cutoff frequency (i.e., the storage capacity at which the
read signal has almost no amplitude] corresponds o
spproximately 31 GB in & BD. When the freguency of the read
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OTF cutoff frequency and where the 2T read signal has zero
amplitude. In FIG. 16, the spatial frequency of the shortest mark
2T is 1.12 times as high as the OYF cutoff frequency. <Relation
between wavelength, NA and mark length> 55 X0096] An optical
disc B with high storage density needs to satisfy the following
relation between the wavelength, the numerical aperture, and the
s1gark/spacedengtisy (00971 Supposig the Shortestaharkength 0, o
TM rim and the shortest space length is TS nm, the Slim P of the
excSbstestimark dength andsthe sherestspace tergth tsuM-ITS) nekticaz
In the case of 17 modulation, P = 2T 2T =4T. Using the three
res je\rameters of the wavelength / of g@e lager eam (\g@lr%ggss 405. . ..
5nm, 1. e |n ' the range of 400 nor to 410 rim) , the numerical
aperture NA (WhICh is 0.85 0.01, 1 .e., in the range of 0.84 to
Lasgyr gyt the $tim P o??ﬁé%%orteé’temé’&aféngﬂ“ﬁéﬁd the"&lortest a7
space length (where P= 20-12-=4T in the case of 17 modulation,
deciaaghkichdhe Shontest dengthnis 2N ifithe anit tergthyT decreases
to the point that the inequality =2./2NA

(0094 ] That 1s why the high storage density optical disc
shown in FIG. 13(b} would have its storage linear density
defined by the frequency of the read signal representing the
shortest mark, which may be in the vicinity of the OTF cutoif
frequency (i.e., it is lower than, but not significantly lower
than, the OTF cuteff freguency) or higher than the COTE cutoff
freguency.

[0085]

Fr
\

-
0

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 (ZT) i1s higher than the

OTF cutoff freguency and where the 27 read signal has zero

amplitude. In FIG. 16, the spatial freguency of the shortest

k2T 1s 1.12 ti s high as the OTF cutoff freguency.

<Relation betwsen wavelength, NA and mark length>

ta
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is satisfied, then the spatial frequency of the shortest mark
exceeds the OTF cutoff frequency. [0098] If NA=0.85and L =
405, then the unit length T corresponding to the OTF cutoff
frequency is calculated by 56 T=405/(2X0.85)/4=59.558 nm
(Conversely, if P > X /2NA is satisfied, then the spatial frequency
of the shortest mark becomes lower than the CTF cutoff o
[00%fequendy). [0099])%As Canh& sBenedsif)! jiidt by ificréasing the ==ds ©©
storage linear density, the SNR would decrease due to the limit of
satiopticaktesolationoThat is why ifithe noatbersof ibfarmationlength, the
recording layers per disc were increased excessively, then the
nundecrease in SNR.mightbe an impermissible degree, considering
the system margin. Particularly around a point where the
‘ J[qquenc / of the shortest L%corglin markkeﬁcmeedhshthﬂe OFF cutoff -
(0% equency TRESSRIR Wilf start to decrésde steeply. (01007 in the =
foregoing description, the storage density has been described by
shogmrmpasngthe frequency of theread Nsighalreépresentingthertest mark
shortest mark to the OTF cutoff
length and the shortest space length is (TM+TS) nm. In the

he

i

case of 17 modulation, P = 2T + 2T = 47T, Using the three
parameters of the wavelength A of the laser beam (which 1is
405 nm== 5 nm, i1.e., in the range of 400 nm tco 410 nm;, the
numerical aperture NA (which 1s O0.85% £ $.01, i.e., in the
range of (.84 to 0.86) and the sum P of the shortest mark
length and the shortest space length (where P= 2T+ 27=4T in
the case of 17 modulation, in which the shortest length is 27},
if the wunit lengtn T decreases t©o the point that the
ineguality
P= A /2NA

is satisfied, then the spatial freguency of the shortest mark
exceeds the OTF cutoff Ireguency.

10098] If NA= (.85 and A1 = 405, then the unit length T

corresponding to the OTF cutoff frequency is calculated by
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frequency. However, if the storage density of BDs is further

increased, then the storage density (and the storage linear

density and the storage capacity) can be defined based on the

same principle as what has just been described by reference to

57 the relation between the frequency of the read signal

representing the second shortest mark (or the third shortest mark

or &N €Ven shoftef reddrding mafk'Bnd the OTF cutoff frequency.

<Storage density and number of layers>[01011 A BD, of which
(cothe specificatians include awravelengthrafs405m anthanumericabatial

aperture of 0.85, may have one of the following storage capacities
fre@@éI{ﬁ%ero§p§EEiC%Jl¥@Ft@&s%gékfr%&?@’sﬁi%&ho%% the

marks is in the vicinity of the OTF cutoff frequency, the storage

. capacity could be approximately equal to or higher than 29 GB

P SUch a3 29 5°EB=0 5 GB or 29 GB 1 GB), approximately equal

to or higher than 30 GB (such as 30.0 GB= 0.5 GB or 30 CB----
[00€5B), appFoximatelyequalteror kigherthan3E GBY{suchray 83 0-n¢

GB f 0.5 GB or 31 GB 1 GB) or approximately equal to or higher
stothan 32 GBR{sucheas 32,0 GB#0.5GB qr32 6Bd:GB)ase due to the

]
=]
]

ot
=
O

limit of optical resclution. That is why if the number of
information recording layers  per disc were increased
excessively, then the decrease in SNE  might be an
impermissible degree, considering tne system margin.

Particularly around a polnt where the frequency oI ths
shortest recording mark exceeds the OTF cutoff Ifregusncy, the
ENR will start to decrease steeply.

(01001 In the foregeing description, the storage density
has peen described by comparing the freguency of the read
signal representing the shortest mark to the OTF cutoff
frequency. However, i1f the storage density of BDs 1s further
increased, thern the storage density (and the storage linear
density and the storagg capacity) can be defined pased on the

same principle as what has 3ust been described by reference to
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[0102] On the other hand, if the spatial frequency of the shortest

marks is equal to or higher than the OTF cutoff frequency, the

storage capacity per layer could be 58 approximately equal to or

higher than 32 GB (such as 32.0 GB'- 0. 5 GB or 32 GB -1 GB),

approximately equal to or higher than 33 GB (such as 33.0

GB-0.5 GB or 33 GB1 GB), approximately equal to or higher than
the 3373 BB (Qlch M 83 F'GB-6S GB'6F'§33'GR 1 GRje read signal

approximately equal to or higher than 33.4 GB (such as 33.4 GB
repfE5LBi033.4:GCB <LGRB), approxdaatelyr@équal:to ordigherthaphortest

34 GB (such as 34.0 GB'-0.5 GB or 34 GB -1 GB) or
mar]gpggoxgpatg&gq@gpv%@ gher than,35 GB (such,as 39.0 orr cutofs

GB-0.5 GB or 35 GB-1 GB) . 0103) In this case, if the storage

density per layer is 33.3 GB, an overall storage capacity of
fregpptoximately 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
<stdhedhree Jecordingdayers combined, Such a storage capacity is

almost equal to the capacity in a situation where four recording

[0iC01] E B, of which the specifications i1nclude

18]

wavelength of 405 m and & numerical aperture of 0.85, may have

A

cne cf  the following storags capacities  per layer.
Specifically, 1if the spatial £fregquency of the shortest marks

is in the wvicinity of the OTF cuteff Irequency, the storage

capacity could be approximately equal to or higher than 2% GB

[y
[y
8
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F
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(such as 29%.0 GBI O. approximately egual
to or higher than 30 GB (such as 30.0 GBX0.5 GB or 30 GB=Z1
GB), approximately egual to or higher than 31 GB (such as 31.0

GB+ 0.5 GB or 31 GB X 1 GB), or approximately egual fo or

3Z GBE1 GB).

@
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higher than 32 GB (such as 32.0 GB=TO
(010Z] On the other hand, 1f the spatial freguency of the
shortest marks is egual to or higher than the OTF cutoff

freguency, the storage capacity per layer could  be
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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 33x3=99 GB, 59 which is just 1 GB
(or less) smaller than 100 GB. On the other hand, if the storage
density per layer is 34 GB, the overall storage capacity is 34 X 3
=102 GB, which is 2 GB (or_less) larger than 100 GB. o
PP RS ore, Gfthe stotagé detsity” petdayeris33.3GE e =2+ Y G5+
overall storage capacity is 33.3X 3 =99.9 GB, which is only 0.1
0.5 GB (orless) smallerdhan -100-GBirAndlif thesstorage densitygers than
layer is 33.4 GB, the overall storage capacity is 33.4 X 3 =100.2

33 &B’(\é@&h L§§U§§O@ %(@r ie@ I@Eget%th%g :]:Olo @?ﬁ',ojagfgrlgximately

should be noted that if the storage density were increased
significantly, then it would be difficult to perform a read operation

edUgechiratly bedhtise thebhottest niarks SHould-be'read tnder - > ©F °F
rather severe conditions. That is why a realistic storage density
33. thabwolld-Fealizecan overalt sstorageeapacity of 100'GB orwmore - 4 GB
without increasing the storage density too much would be
(su@Pproximately 33.4-GBpperdayer. 33.4 ¢+ 1 GB), approximately
equal to or higher than 34 GB (such as 34.0 GBX0.5 GB or 34
GB=T1 GB) or approximately equal to or higher than 35 GB (such
as 35.0 GB*0.5 GB or 35 GB=Z1 GB).
01031 In this case, 1f the storvage density per layer 1is
33.% GB, an overall storage capacity of approximately 100 GB
{more exactly, 9%.9% GB) 1s realized by the three recording
layers combined. On the other hand, 1f the storage density
per layer 1=z 33.4 GB, an overall storage capacity that is more
than 100 GB (more exactly, 100.2 GB) 1s reaiized by the three
recording layers combined. Such a storags capacity 1s almost
equal to the capaclity in a situation where four recording
lavers, each having a storage density of 25 GB, are provided

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

layer is 33 GB, the overall storage capacity 1s 33X3=98 GB,
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[0105] In this case, the optical disc may have either a four-layer

structure with a storage density of 25 GB per layer or a

three-layer structure with a storage density of 33-34 GB 60 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 ampl'l_-ude (or a decreased SNR) and
whigray ight'wil alsdbe producetFroithosadayerd™ (i.e%“hétead “» e

signal obtained from each recording layer will be affected by a
oth&igned obtained from an adjacentdayen)yFeor thataeason,sf &4 GB, the

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

ove 2dppted instead of 8 fourclayer disc, with,3 storage density 0f 25 ¢z (or
cB pertlayelg,J -hen an overall storage capacity of approximately

_ 100 GB will be realized by the smaller number of layers (i.e., .

Lesghrediritead Gt toun” with the InfluehCa G suct stray light*2ue density
minimized. That is why a disc manufacturer who'd like to realize

per amnQverallsstorage @apacity of approXinsatety:d00-GBawhite 1s 33.3 X3
minimizing the number of recording layers stacked would prefer a

— o dhreeslayerdisc with.a storage density of 33:34 GB perlayer, Onoo cs.
the other hand, a disc manufacturer who'd like to realize an

Andoygﬁgke storage density per layer 1s 33.4 GB, the overall
storage capacity is 33.4 X 3=100.2 GB, which 1is just 0.2 GB
{or less) larger than 100 GB.

(01041 It should be noted that if the storage density were
increassd significantly, then it would be difficult to perform
a read operation accurately because the shortest marks should
be read under rather severe conditions. That 1s 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 approximately 33.4 GB per
layer,

f0105) Tn this case, the optical disc may have either a

four-layer structure with a storage density of 27 GB per layer

or a three-layer structure with a storage density of 23-34 GB
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storage capacity of approximately 100 GB using the conventional
format as it is (i.e., a storage density of 25 GB per p could choose
a four-layer disc with a storage 61 density of 25 GB per layer. In
this manner, manufacturers with different needs could achieve
their goals using mutually different structures, and, and therefore,
are afforded an iincreased degree of flexibility in disc design.

per [0F0B) Alternatively, ifthetstoratie deisit pérlayéy R in thershssz 1 2
GB range, the overall storage capacity of a three-layer disc will be

disshort ah20046Bd.ehcapproximately 9096 GBbutthat ofeas from each
four-layer disc will be 120 GB or more. Among other things, if the

of éll%rgegeﬁg?%%y Q?ﬁ_[ﬁ)‘ﬁéx}% MP%(%@&?I)ézﬁgl@&%fo%ila}éerdecreased
disc will have an overall storage capacity of approximately 128

_ GB, which is the seventh power of two that would be processed _

SN e adily and™éonveriéntly’ by a Confputér. [ 165 ot that Bompared *2Y 1S
to the overall storage capacity of approximately 100 GB realized

{1 .y athreedayer disc; even-shortestimarks eould afsorbergadaysr will
under less severe conditions. [0107] That is why when the

pe Stotage.depsity Needs:to Berzined from an adjacent layer). For

that reason, 1f a three-lavyer disc with & storage density of
33-34 GB per layer is adopted instead of a four-lavyer disc
with a storage density oi 25 GB per laver, then an overall
storage capacity of approximately 100 GB will be reailzed by
the smaller number of layers ({il.e., three instead of four]
with the influence of such stray light minimized. That is why
a disc manufacturer who’'d like to reaiirze an overalil storage
capacity of approximately 100 GB while minimizing the number

of recording lavers stacked would prefer a tThree-layer disc

with a storage density of 332-34 GB per laver, Cn the other
hand, & disc manufacturer who'd like to realize an overall
storage capacity  of approximately 100 GB  using  the

conventional format as it is (li.e., 2 storage density of 25 CGBE

per laver) could chocse a four-layer disc with a storage



increased, a number o_" different storage densities per layer
(such as approximately 32 GB and approximately 33.4 GB) are
preferably offered as multiple options so that a disc 62
manufacturer can design a disc more flexibly by adopting one of
those multiple storage densities and any number of recording
layers in an arbitrary combination. For example, a manufacturer
dengiig/d like toinéréaseé thelovérall storagé 'édpaeityWhile manufacturers
minimizing the influence of multiple layers stacked is offered an
witopten of making=a threeclayer gisc: avith anoveragll sterageing mutually
capacity of approximately 100 GB by stacking three recording
a1 £1Y8Is With & storage density of 33; 34 GB per layer. On.the pther, .,
and, a manufacturer who'd” like to increase the overall storage
~ capacity while minimizing the impact on read performance is
‘ncpfafed dif option ot meking alfour-layer disc With & overall
storage capacity of approximately 120 GB or more by stacking
[01lfaur recordinglayersavith aistorage densityef 3B32:6GB perlayerer is
[0108] As described above, an information recording medium
in aggording to thepreseptinvention is,a multilayer information.; « oz -

recording medium including a number of

three-laver disc will be shert of 100 GB (i.e., approximately
GC-96 GB) but that of a four-layer disc will be 120 GB or more.
Among other things, 1f the storage density per layer 1is
approximately 32 GB, a four-layer disc wiil have an overall
storage capacity of approximately 128 GE, which 1s the seventh
power of two thaft would be processed easily and convenitently
by a computer. On top of that, compared to the overall
storage capacity of approximately 100 GB realized by a tThree-
laver disc, even shortest marks could also be read under less
severe conditions.

(01071 That 1s why when the storage density needs fTo be

increased, & number of different storage densitles per layer

)]

uch as approximately 32 GB and approximately 33.4 GB) are

preferably offered as multiple options so that a disc



information recording layers on which information is stored. At
least one of those information recording layers uses different
readout power to read information than the other 63 information
recording layers. And a base thickness between each pair of
adjacent ones o"_ the information recording layers is equal to or
greater than a predetermined thickness. 0109f In one preferred
mangmbsdintent e Baseé Trickness s Braficknedsiatwhieh thgcrting one
intensity of light decreases to a predefined degree or more due to
of abesmtionm[0110] Anotherriafermations recardingmediam; number of
according to the present invention includes at least three
cc ORIMANOD. Iscordinavets, e (eadaL noer gl a Rserbeam.., .
In reading mformatlon from an nth one L(n) (where nis an integer
that is equal to or greater than zero) of the information recording
manYIGES fiich ‘We Countedseduentially font orle6f tt‘f’evffﬁt%nﬁatlﬁﬁor age
recording layers that is located most distant from the data side of
capdhe informatien recording. meditim, isridentified by Pwin), tand . lavers
the readout power of the laser beam in reading information from
sta@(n+a)th ope, L{nt+a) of H@,Hﬁmmﬂﬂoﬂé‘%%@m |a¥e@e|5Layel disc
identified by

with an overall storage capacity of approximately 100 GBE by
stacking three recording layers with a storage density of 33-
34 GB per layer. On the other hand, a manufacturer who'd
like o increase the overall storage capacity while
minimizing the impact on read performance 1s offered an
option of making a four-laver disc with an overall storage
capacity of approximately 120 GE or more by stacking Ifour

recording layers with a storage density of 30-32 GBE per

[7}
48]
v
0
=

[C10B] As described above, an information recording medium

according to  the present invention is a multilayver

information recording medium including a number cof

information recording layers on which information is stored.

At least one of these information recording layers uses

different readout power to read information than the other



Pw(n+a) (where a is an integer that satisfies n - a? 0 and a#0),
then a base thickness between each pair of adjacent ones of the
information recording layers is determined so that the 64 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 "
infipfermation recordinglayer L fi+a) is iifadiatellafith dik&erbeanystwesn
having the readout power Pw(n+a). [0111] Still another information
ez checqrgding medium jaceoerding:te thepresent invemtionincludesaticording
least three information recording layers. If the readout power of a
1a/258" eam g reading. inforrmaton fiam an b one L) (Wher e nese.
is an mteger that'is equal to or greater than zero) of the
information recording layers, which are counted seauential’ IX from :
[C15Ke of thé infBfthatioi T’@Eé’ﬁﬁn&%%“tﬁ%t is [0CALetF ot distants® *°
from the data side of the information recording medium, is
z identified:by Pw(m),and if the readout ipower 0f itheHaserchbeamsins to a
reading information from an (n+a)tt one L(n+a) of the information

ordggerding laygrs.is Iggn%e;d by, Pw (n+;8) (where.a is an integer

that satisfies ni- a . 0 and

01107 Another information recording medium acceording to
the present invention includes at least three information

recording layers. If the readout power of a eam in

[
ol

sSe

[

reading information ZIfrom an n™ one Lin) (where nn 1z an
integer that 1s egral to o©r greater than zero) of the
information recording lavers, which are counted sequentially
from cne of the information recording lavers that is located
most distant from the data side of the information recording
medium, is identified by Pwin), and 1if the readout power of
the laser beam in reading nformation from an (n+a)th'one
T(n+a) of the information recording lavers 1is identified by
Pwintal (where & 1is an integer that satisfies n -+ a = 0 and

a#0), then a base thicknsss bhetween each pailr of adjacent ones

of the informaticn recording lavers 1s determined sc that the
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a-Y0), and if the base thickness between the information
recording layers L(n) and L(n+a) is identified by D, then the
information recording medium satisfies 6.5
100xPw(n)/Pw(n+a)?-0.1238xD2-2.772xD106.56, and Pw(n)
" Pw(n+a) [0112] A reading method according to the present
invention is a method for reading information from the information
intgagerding meditim desbribett abovéeTHE Arstidaifciudestheing Laver
steps of: irradiating the information recording layer L(n) with a
L {nlaser beam:havingtbe readout powersPw(mdarreadingng the readout
information from the information recording layer L(n); and
mowi{rad@@tﬂﬁg tlggégggégwaygg fCQBd”gg |%)6QA[@L(H#'§§I\(VI@§E|6I§§I’ the light
beam having the readout power Pw(n+a) in reading information
from the information recording layer L(n+a). 0113] A reading.
Whe s pbaTattis ACEGTHTY 1] T Predént Fveéntion is'an apparatis for® -
reading information trom the information recording medium
a ldescribedabove.bhe lapparatusiincludes dmviiradiating section
for irradiating the information recording medium with a laser

ro1beam. The jirrpdiating section irradiates dhe informatien reearding med: um
layer

according to the present invention includes at least three

H
Fh

information recording lavers. the readout power of a laser

beam in reading informaticn from an n™ one L(n) {where n is
an integer that i1s egual to or greater than zero) of the

information recording lavers, 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 Pw(n), and 1if the readout power of
the laser beam in reading information from an (n+a)™ one

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

=
=

Pwin+a) {(where a is an integer that satisfies n+ a 0 and
a#0), and if the base thickness Dbetween the Iinformation

recording layers L(n) and L(n+a) 1s identified by D, then the

information recording medium satisfies



L(n) with a laser beam having the readout power Pw(n) in reading
information from the information recording layer L(c). The
irradiating section irradiates the information recording 66 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).
[0114) An information recording medium making method
acddrdirity to: thie present faventiends & methotoPmakiag®n and
information recording medium with k information recording layers
(wherek is aninieger that is equal to or greater than three). The
method includes the steps of: forming the k information recording
{0 1'?%?"8’ fr%mr\%glg{]ﬂ%f%&%gg] §c£8¥£\{%bl%éjsm‘%aE!%%%r@B%a%vent ion
with a wavelength of 400 nm to 47.0 nmthrough an objective lens
~with a numerical aperture of 0.84 to 0.86, on a substrate with a ,
15 tHickRESS oF 1. 19%m= $6rmirty (K1) ‘Spater fayers BBtweeh the formation
information recording ayers; and forming a protective coating with
recthickness=ofi Bl numoriless onithekt onelokthednformationludes the
recording layers as counted from the substrate. The step of

s+ 9EMIng . information recording layers includes: makingeither s ayer 1(n)
with a laser beam having the readout power Pw(n; in reading
information from the Iinformaticn recording layver Lin); and
irradiating the information recording layer Lin+ta) with a
laser beam having the readcocut power Pwi{nta) In reading
information from the information recording laver Linta).

(01313] A reading apparatus  according to the present
inventicn is an apparatus for reading information from the
information recording medium described above. The apparatus

includes an irradiating saction for irradiating the

information recording medium with a laser bean.

=]
=
@

irradiating section irradiates the information recording layer
Lin) with a laser beam having the readout power Pwin) in
reading information from the information recording layer Linj.

The irradiating section irradiates the infecrmation recording
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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 67 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
laythek groap ofthelinférmatioRredetding Hayersithat'sre eitheput power

even-numbered. or odd-numbered so that the laser beam scans
rw (Ahat group-ehinfermation recording dayers-tiem: semernanestadiatording

location on the information recording medium toward the outer
lay@erdgg(%hﬁar’epf. If the readout power of the laser beam in reading
Information from an one L(n) (where n is an integer that is equal to

or _greater than zero) of the information recording layers, which _
(01 %¢té countted seguentidlly from ofeotthednfofiffatioh reGarding methed

layers that is located most distant from the data side of the
accdatarmation recerding seediuri; isidentifiedsby=Pwn)handdf thexing an

readout power of the laser beam in reading information from an
inz{0s@)4N one Lin+a)-of the ipfarmatiop.recording Jayers, which are.o raing

counted sequentially from the most distant

6]
o}
rt
6}
H
ok
oy
j§5
3

layers (where k is an integer that is egual to or gr

o
i
D
7

three). The method includes the steps of: forming
information recording lavers, 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 ol
G.84 to 0.86, on a sgubstrate with a thickness of 1.1 mm;
forming {k-1) spacer layers bstween the informatlion recording
layers; and forming a protective coating with a thickness of
0.1 mm or less on the k™ ocne of the information recording
layers as ccunted from tThe substrate. The step of forming
information recording Lavers includes: maxing either

i~

concentric or spiral tracks on cne of two groups of the

information recording lavers that are elther odd-numbered or

even-numpbered as counted from the substrate so that The laser
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information recording layer from the data side of the information
recording medium, is identified by Pw(n+a) (where ais an integer
that satisfies na? C and aOO0), and if the 68 base thickness
between the information recording layers 1(n) and L(n+a) is
identified by D, then the information recording medium satisfies
|I00xPw(n) /Pw(n+a) ~_'-0.1238xD2-2.772xD-'-106.56, and Pw(n)

bear -sPyi{p+a)N015PAR optical téesrihg MediGRTaéesdintftccthe from
present invention is a multilayer optical recording medium

somdNcuding anumber of recording layersionr whieh informationiisic medium
stored. In this recording medium, different readout powers are

tow%ﬁ?gdttt?é either all, or only some, of its.recording Jayers, and.a. . i or

ase thickness between each pair of adjacent” recording layers is
set to be equal to or greater than a predetermined thickness.

seL{6116]17Gre Prefetfedehibodimient, the base tHickiEEs tratweeror 99
each pair of recording layers may be a thickness at which the
laydntensity. of ight decreases tea-predefined degreédonmorerdde to@ that
aberration.
the laser beam scans that group of 1information recording
iayers from some inner radial location on the information
recording medium foward the outer edge thersof, If the
readout power of the laser beam in reading information from an
A" one L(n) (where n is an integer that 1s egual to or
greater than zero} of the information recording layers, which
are counted seguentially from cne of the informaticn recording
layers that 1s located meost distant from the data Siae cf the
information recording medium, i1s identified by Pwin), and if
the readout power of the laser beam in reading i1nformation
from an (n+a!™ one Lin+a} of the information recording
layers, which are counted seguentially from the most distant
infermation recording laver from the data side of the

informaticon recording medium, is ldentified by Pwint+a) (where

a 1s an integer that satisfies ntaz{ and a#0), and 1f the

68



[011.7] In another preferred embodiment, the base thickness
between each pair of recording layers is determined so that if
readout power for an nt" one 1 (n) of the recording layers 69 is
Pw(n), the intensity of light at an (n+a) th one of the recording
layers becomes equal to 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
basgergrandrisarPrteger thatds eguartt: orygredtttthan Oin fores] - ()
In an alternative preferred embodiment, the base thickness
ancbetween eaeh pairof recording Ryersiis.determined rea thatif recorzding
readout power for an n t- one L(n) of the recording layers is Pw
e d(;@m the.intensity of light at an (n+a) th one of the recording layers
becomes equal. to or lower than readout power Pw(n+a) for the
(n+a)7h layer h(n+a), where n is an integer that is equal to or
gredter tai zéky aRd 8 ah- inté§erthat is eqUal to'ér greatér
than 0-n. [0119] In a reading method according to the present
inveation Swhem azmultilayer recording medium including a
number of recording layers on which information is stored is

[o18€anned, diffgrent readput powers ateused for-eithersit,or e

e}
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invention is a multilayer ocptical recording medium

including & number of recording layers on which information
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this recording medium, different readout powers

are used for either all, or only scme, of i1its recording

layers, and a base thickness between each palr of adjacent

=

recording layers ls set to be equal to or greater than a
predetermined thickness.

[0116&] in one preferred embodiment, the base thickness
between each pair of recording layers may be a thickness at
which the intensity of light decreases tc a predsfined degree
or more dus to aberration.

[01317] In another preferred embodiment, the base thickness
between each pair of recording layers 1s determined so that

-~ Th

if readcut power for an n™" one L(n) of the recording layers
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only some, of those recording layers, and readout power for each
recording layer is determined based on information about a base
thickness between each pair of adjacent ones of the 70 recording
layers. 0120] In one preferred embodiment, readout power for
each recording layer is determined so that if readout power for an
~ntone L (n) of the recording layers is Pw (n) , the intensity of light
15 §Faf (n+d) cone b ike fecording i&iers Becoifles Biiral to°e ©F the
readout power Pw(n+a) for the (n+a)th layer L(n+a), where nis an
recdateger thatis equatteoe greater thanczeroadnda_sareintégem+a )
that is equal to or greater than 0-n. [0121] In an alternative
tne Prferred embodiment, readqut, power.for gach-recordinglayeriis o qual
determined so that __ readout power for, an nth one L(n) of the
recording layers is Pw(n), the intensity of Ii_glht at an (n+ajt”.one of

Fh
O
[}

Lo e $ECOMding TajersBecomes equal ta'or fowérthan réddott S<Ua! =°
power Pw(n+a) for the (n+a) layer L(n+a), where P. is an integer

or thatiseequdaldo di-greater than zero and a is an integer that is
equal to or greater than 0-n. [0122] In performing a read operation

{Olf%ﬁa'nUWH@Y%ﬁl alternative preferred embodiment, the base
thickness between each pair of recording lavers is determined

th

sc that if readout power for an n one L

5]

1) of the recording

[

th

layvers 1s Pwi(n), the intensity of light at an (n+a) one of
the recording layers becomes equal to or lower than readout
power Pw({nt+a) for the (n%af* layer Linta), where n is an
integer that is eqgual to or greater than zerc and a 1s an
integer that 1s egual to or greater than O-n.

[0119] Iin a reading method according tce the present
invention, when a multilayer reccrding medium including a
number of recording layers on which information is stored is
scanned, different readout powers are used for either all, or
only some, of those recording layers, and readout power for

each recording laver is determined based on information about

a base Lhickness between each palr of adjacent ones of the

70



recording medium including a number of recording layers on_
which information is stored, a reading apparatus according to the
present invention uses different readout powers for 71 either all,
or only some, of those recording lavers, and determines readout
power for each recording layer based on information about a base
thickness between each pair of adjacent ones of the recording
recqagers (03285 fir one preferred embodiment, readout power for
each recording layer is determined so that if readout power for an
[01mih one L¢n)wofdihe recording layersiisPwin), the datensitpweflightr sach
at an (n+a)th one of the recording layers becomes equal to
recdeadoyt power Pw(nta) fof the {nEg)tt jayer {4n+a)qwhereisanor an
integer that is equal to or greater than zero and a is an integer
_ that is equal to or greater than 0-n. [01247 |n an alternative

2" Breferréd eniBodithent TeatdUt SpoWer for eaehracording tayeris s+t
determined so that if readout power for an nt one 1(n) of the

of tegordingtayers is: Rw(n), the inténsity<of lightatanyn+ay ohe of comes
the recording lavers becomes equal to or lower than readout

equOWES E@é@ﬁ@ﬁf%@“ﬁ%“ﬁﬁﬁﬂhﬂ@YQ&h(ﬂﬁﬂ?7MHE¥Q#1@é¥éK Lin+al,

integer
where n is an integer that is equal To or greater than zero
and & is an integer that is egual to oxr greater than O-n.
Ioizin In an alternative preferved embodiment, readout
power for each recording layer is determined so that if
readout power for an n™ one L(n) of the recording layers 1is
Pw{n), the intensity of light at an (nta) one of the

recording lavers bescomes egqual to cor lower than readout power

layer L{p+a), where n 1s a:

'_l
jm}
s
®
0
®
L

that 1is equal Lo or greater than zero and & is an integer

that is equal to or greater than 0-n.

10122 In performing a read operation on a mwmultilayer

recording medium including a number cof recording layers con

which informaticn is stored, & reading apparatus according to

the present invention uses different readout powers Ior
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that is equal to or greater than zero and a is an integer that is

equal co or greater than 0-n. 72 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 _
&1t 5ptical disc Sistefil' thiat GSES a ntultildyerfecdiding Smediunfyers, and

REFERENCE SIGNS LIST [0126' LO, LI, L2, L3, L4, LS, L6, L7
detdenording layerd0yti, 12;43; 1445, t6:hase thicknessdetween eaghec on

pair of adjacent ones of the information recording layers PwO,
1ne WL Pwg, Pw3 readgut power 100 recording medium 400 reading .. -

apparatus 402 optical pickup 403 semiconductor laser control

. section 404 servo processing section
adjacent ones of the recording layers.

(01233 In one preferred embodiment, readout power for each

Fal

recording laver 1s determined so that 1f readout power for an

n™® one L(n} of the recording layers is Pw(n), the intensity

¢t

at an (n+a)'"

0]

Hh
-
’..J
te]

oy
ot

one of the recording layers becomes
equal to readout power Pwi(nta) for the {ﬁ+a}m layer Lin-+a),
where 1 i1s an integer that 1is equal to or greater than zero
and & i1s an integer that 1s egqual to or greater than O-n.

101247 In an alternstive preferred embodiment, readout

F

power for each recording layer 1is determinsad so that 1

.
=y

readout power for an n™ one Li{n} <¢f the recording layers 1is

Pwin}, the intensity of ZIight at an (n+al™ one of the
recording lavers beccmes egual to or lower than readout power
layver L(n+a), where n 1s an integer

that 1s equal to or greater than zerce and a 1ls an integer

that i1s =qual to or greater than (U-n.



405 read signal processing section 73 406 central processing unit
(CPU) section 74 CLAIMS 1. A multilayer information recording
medium comprising a number of information recording layers on
which information is stored, wherein at least one of those
information recording layers uses different readout power. to read
mformatlon than the other information recording layers, and
Wrhiee S ogsthetween each pair of adjacent ones of
the information recordlng layers is equal to or greater than a
11 predetermined thickness: 2: The irformatien recarding medit@ of resent
claim 1, wherein. the base thickness is a thickness at which the
1y dntensity of light.decreases o.a predefined degree or moge dug.to ;-
aberration. 3. An information recording medium comprising at
least three information recording layers, wherein if the readout

unuab%m}ag@%amqn*égamgjamn nas happened. That is why

such & recording medium can be used particularly effectively

in an optical disc system that uses a multilayer recording

REFERENCE SIGNS LIST

[0126]
.0, 11, 2, L3, L4, L5, Le, L7 recording layer
£0, ti, t2, t3, t4, th, k& base thickness Dbetwsen each

pair of adjacent cnes o0f the Information recording lavers

Pwl, Pwl, Pw2, Pw3 readout power

100 recording medium

400 reading apparatus

402 optical pickup

403 semiconductor laser contrcol sechtion

404 servo processing section

405 read signal processing section



reformation from an r,.-' one L(n) (where n is an integer that 75 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

408 grf@iva)t one loFi¥H) ‘8FtheTinforivation Sfecbtding layers is
identified by Pw(n+a) (where a is an integer that satisfies n-I-a ?C
and a~0), 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 laser beam
having the readout power Pw(n+a). 4. An information recording
medium comprising at least three information recording layers,
wherein if the readout power of a laser beam in reading

74



76 information from an nt" one L(n) (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 reading -In information from
an (n+a) h one L(n+a) of the infothratton recording layers is
identified by Pw(n+a) (where a is an integer that satisfies na ?0
ant.a#0)pandiif £;e=base thicknessbetaeencthesinfermationonprising a
recording layers L(n) and L(n+a) is identified by D, then the
numHQQrmﬁﬁoﬁdf%¥E9EHlﬁﬂegEEB5@&@&95ayers on which information
100xPw(n)/Pw(n+a)?-0.1238xD'-2.772xD106.56, and Pw(n)
Pw(n+a) . 5. A method for reading information from the information
s 75€0refirig medium of claim 4, the method comprising the steps of:
irradiating the _nformation recording layer L(n) w_th a 77 laser
beahs having the réadout power PW(n} i feadifgtormation recording

layers uses different readcout power tTo read information tThan
the other information recording layers, and

wherein a base thickness betweer each pair of adjacent
ones of the dnformation recording layers 1is egqual to or

greater than predetermined thickness.

s}]

2. The information recording medium of claim 1, wherein

the pase thickness is a thickness at which the intensity of

light decreases ito a predefined degree or moers due o

aberration.

3. An information recording medium comprising at least

three information recording lavyers,

wherein 1f the readout power of a laser beam in reading

in

information from an n™ one Lin) (where n 18 an integer that

75



information from the information recording layer L(n); and
irradiating 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). 6. An apparatus for
reading information from the information recording medium of
claim 4, the apparatus comprising ar. irradiating section for .
is n?é{d]fa%lngttﬁe itforriafién fécordiig méditim with‘a 1dsér beamormation
wherein the irradiating section, irradiates the information
recdecarding ayerd,. (nywithha laser beam havingithewreadout power one of
Pw(n) in reading information from the information recording layer
cne L(R)-a0d whereir the rraditing section iradiates the. informations; ¢-ant
recording layer L(n+a) with a laser beam having the readout
power Pw(n+a) in reading information from the information ,
frone dotdingdagier LfsafA méthod bf AAKingan informatgy  mecivm, s
recording medium 78 with k information recording layers (where k
idesng ahlinteger tdtis equal to or greater than three), the method
comprising the steps of:

if the readout power of the laser beam 1in reading
informaticn from an (n+a)™ one L{n+a) of the information

recording layers 1s iddentified by Pwinta) {where a 1

€]

an
integer that satisfies n+azZ0 and a#0),

then & base thickness between each palr of adjacent ones
of the information recording layers 1ls determined so that the
intensity of the light when the information recording layer
L{n+a) 1s irradiated with a lassr beam having the readout
power FPw(n) becomes equal to or lower than that of the light

when the information recording layer Lin+a} is irradiated with

a laser beam having the readout power Pwin+ta).

4. An information recording medium comprising at least
three information recording layers,

wherein 1if the resadout power of a laser beam 1n reading



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 mm; forming

(c-1) spacer layers between the information recording layers; and

forming a protective coating with a thickness of 0.1 mm or less on
Inf4RE-Ghe of tHe fifformationtrecording Tayér ds thuRted foffie “7e™

substrate, wherein the step of forming information recording layers
is ircludes: making eithereoncentriczor spiratdracksion one ofitwrmation

groups of the information recording layers that are either
recQdd-pymbered or eyen-pumbered as:counted from the substrate one of

so that the laser beam scans that group of information recording

layers from _some outer, radial location_or, the inf rmatlon 79 N
the ré%?ﬂ]ﬁlﬁt}ﬁgaluﬁ??@d@%ﬁ&%e fiffereddé'th ereo? At frakiipg © GieTant

either concentric or spiral tracks or the other group of the
froninformatior: recording fdyerd that afeeithiekon  recording medium, is

identifisd by Pwin), and

ag

if the readout power of the laser beam in reading
information from an (n+a}ﬂl one Lin+ta! of the information

recording layers is identified by Pwin+a) (where a 1s an

integer that satisfies n+ta=0 and a#0), and

.
th

the base thickness betwesen the information recording
lavers L{n) and L{n+a) is icdentified bv D,
then the information recording medium satisfies

100xPw(n) /Pwin+a) =—-0.,1238xD—2.772x

-
E‘_!
o
>
(831
o
o
o
O

Pwin) ZPwin+a) .

5. R method for reading information from the information

recording medium of claim 4, the method comprising the steps

of:

irradiating the information recording layer Lin) with a

77



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 wherein if the readout power of the laser beam

in reading information from an nth one L(n) (where n is an integer

that is equal to or greater than zero) of the information recording
lasqayereeihich afe eBuntetfsediiéitially fréii“Grie of "the informatiofi "9

recording layers that is located most distant from the data side of
infdhadnfarmationirecerding onediunayisr identifiedhby Pwn)]. and:f thed

readout power the laser beam in reading information from an

(n+a) Rione.l(n+a) of the information recording layets, whichare i cr »

counted sequentially from the most distant information recording
layer from the data side of the information recordin quium, is

Lesqhenfiféd by BWAA) (Where 338 AR inté§&r that ‘Shtisfies nta 20 $84ing
and a00), and 80 if the base thickness between the information
infoevetding Ayersti{n) antirra)ds identified by Dattten L (n+a) .
100xPw(n)/Pw(n+a)? -0.i238xD2-2.772xD-106.6, and
§&. An apparatus for reading information from the
informaticn recording medium of claim 4, the apparatus
comprising an irradiating section for drradiating the
information recording medium with a laser beam,
wherein the irradiating section irradiates The
information recording laver L{n) with a laser beam having the
readout power  Pw(n] in  reading infermation from the
information recording laver L(n) and
wherein the irradiating section irradiates the
information recording layer Linta) with a laser beam having
the readout power Pw(n+a) in reading information from the

i

infermation recording layer Lin+a).

7. A method of making an information recording medium

78



Pw(n) < Pw(n+a) are satisfied. 81

with k information recording layers (where k 1s an integer
that 1s equal to or greater than three), the method comprising
the steps of:

forming the k information recording layers, Zfrom which
informaticon is retrievable using & lasser besam with &
wavelength of 400 nm to 410 nm through an objective lens with
a numerical aperturs of 0.84 to 0.886, on a substrate with a
thickness of 1.1 mm;

forming  (k—-1) spacery layers betwsen the i1nformation

forming a protective coating with a thickness of 0.1 mm
or less on the kX one of the information recording layers as
counted from The substrate,

wherein the step of forming informaticon recording layers

includes:

5
o
e
o
o
ot
=
o

making either concentric or spiral tracks o

groups of the information recording layers that are either

odd-numbered cor even-numbered as counted from the substrate so

[

that the laser beam scans that group ©

informaticon recording

lavers from some ocuter radial location on the Iinformation

79



recording medium toward the inner sdge thereocf; and

making either concentric or spiral tracks on the other
group cof the information recording layers that are either
aven~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 edgse thereoci, and

whereln 1f the readout power of the laser beam in reading

it

infeormation from an n™ one L(n) (where n is an integer that

is egual o or greater than =zero) of the informaticn

h

recording lavyvers, which

e
r
o

counted seguentially from one 0
the information recording layers that 1s located most distant
from the data side of the information recording medium, is
identified by Pwi(n), and

if the readout power of the laser beam 1in reading
information from an (nt+tal!™ one Linta} of the information
recording lavers, which are counted sequentizlly from the most
distant informaticn reccrding layver from the data side of the
information recording medium, is identified by Pw{n+a) (where

a is an integer that satisfles ntazZ0 and a#0), and
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it

the base thickness between the information recording

lavers L{n) and Lirn+a) ls identified bv D,

o+
e
)
=}
'_M_\
O
O
X
5%
=,
3
~.
J

win+a)=-0.1238xD—2.772xD+106.56, and

n) ZPwin+ta) are satisfied.



