5 Septenber 2005 1 Optical D sc Technical Field The present invention

rel at:es to an optical disc which has a light-transmtting. |ayer, on which
data signals have been recorded through the |ight- tr§n§ﬁpﬁﬁmﬁ6fI§98? and
fromwhich the data signal's recorded are reproduced. Background Art
Hitherto, optical discs have been used, each conprising a recording |ayer,
a reflecting layer and the I|ike, mhich are | am nat ed upon anot her on a
substrate. Alight beamis applied to the recording |ayer of an optical
disc, thus recording a data signal on the optical disc. Another |ight beam

IS appl ied to the recording |ayer, %t;g dcp]y cf.ecoroduci ng the data signal
recorded on the recording layer. It emanded that the- recording density

of optical discs be increased so that as nmuch data as possi ble may be
recorded on each optical disc. A variety of techniques has been proposed to
neet this denmand. The recording density of optical discs, i.e., an
i ncrease i n Tegbnisaldtielde capacity of each optical disc, can be achieved by
sone nethods. One nethod is to shorten the wavelength of the |ight beam
applied from a | Thhpresentrivecntionrelatesdo datoptisilghisd whizh Haba. lighdt{tansraittingg sc
and the wavel ength of the |light beam applied to reproduce data signals 5
Sept enber 20)%Er,2on whivkn daesigpdls have bieaaecddal esugtethbaight-srahamitting bgse t he
nunerical aperture (‘NA) of

and from which the data signals recorded are reproduced.

Background Art
Hitherto, optical discs have been used, each comprising a recording layer, a
reflecting layer and the like, which are laminated upon another on a substrate. A light
* beam is applied to the recording layer of an 6ptical disc, thus recording a data signal
on the optical disc;. Another light beam is applied to the recording layer, thereby
reproducing the data signal recorded on the recording layer. It is demanded that fhe
recording density of optical discs be increased so that as much data as possible may be
recorded on each optical disc. A variety of techniques has been proposed to meet this
demand.
The recording density of optical discs, i.e., an increase in the storage capacity
of each optical disc, can be achieved by some methods. One method is to shorten the
wavelength of the light beam applied from a light source to record data signals on the

optical disc and the wavelength of the light beam applied io reproduce data signals .



t he objective | ens which focuses a light beamemtted froma |ight source
on the signal-recording |ayer of the optical disc, thereby to reduce the
size of the beamspot forned on the focal plane. For CE{EHRFacbi scs, a
type of optical discs), for exanple, a |light beam having wavel ength of 780
nmis applied to read data signals fromthe CDs, and an objective |ens
having nunerical aperture (NA) of 0.45 is enployed. The storage capacity
of each CDis thereby increased to 650 MB. For DVD-ROWs (Digital Versatile
Disc Read Only Menories), a light beam having wavel ength of 650 nmis
applied to record or reproduce data signals fromthe DVD ROV, and an
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first app iedtoﬁltlegﬁ)&l’ih%ht-transrritting | ayer, thereby to record or

f epr oducelogaed o8 885t he optical disc. Mre precisely, a |ight beam
havi ng a wavel eng:'fph shorter than 450 nmis applied to the disc through an

obj ective | end R IPCunpashEtiscsan tepreoh eptical fisys) fargpxample s light eanghj s
optical disc can, therefore, store 22 GB of data or a greater anount of
dat a. \Whdnving wavelengthof 780 appisi applicd tamadofats siginalsifsomitbe (dvaddon
reproduce data 5 Septenber 20.05 3 signals on or fromthe optical disc, it
i s necessdjsctive leihhaving nuerisphaperead (NAgrofad.45ns employed. The storage
capacity of each CD is thereby increascd to 650 MB. For DVD-ROMs (Digital
Versatile Disc Read Only Memories), a light beam having wavelength of 650 nm is
applied to record or reproduce data signals from the DVD-ROMSs,and an objective lens
having numerical aperture (NA) of 0.6 is used. Thus, the storage capacity of each
DVD-ROM is increased to 4.7 GB.
The applicant hereof has proposed an optical disc that can record data in a high
density when a light beam of a short wavelength is applied to it through an objective
lens having a large numerical apertufe (NA). This optical disc has a light-transmitting
layer, or a thin cover layer. The light beam is first applied to the light-transmitting
layer, thereby to record or reproduce data on and from the optical disc. More
precisely, a Iight beam having a wavelength shorter than 450 nm is applied to the disc
through an objective lens having a numerical aperture (NA) larger than 0.78. This

optical disc can, therefore, store 22 GB of data or a greater amount of data.

When a light beam is applied to any optical disc to record or reproduce data



that occurs as the light beamis focused on the optical disc. To this end,
the objective Ilens and the optical disc are deS|gned in terns of their
optical properties. To be more specific, the |ight-trafeftembeg 2&ker of
the optical disc is optimzed in refractive index and thickness in
accordance with the optical properties of the objective |lens that focuses
the Light beamon the optical disc. This nmeasure reduces, as nuch as
possi bl e, the spherical aberration that takes place when the |light beamis
applied to the optical disc. In other words, the refractive index and

t hi ckness of the light-transmtting |ayer are set at such values to
mnimze the spherical aberration caused by the objective |ens. Consider
an opt i cakigdalsentdiftonnths apticaleliscyit fopdcassary terdindmizedia sphededd abemating | ayer
whi ch covers the recording layer and to which |ight beans of short.

wavel engt thatoecurappibiedight beam hfoaused lpnahd optécal diss. Tavhisgnd, thaokbjectivmer i cal -
aperture (NA) to record data at a high density and reproduce the data.

Si nce t heleabjafd the/epticaNdisbate desighedén reume ol tiedir opfual propertieNA) , ei ther .1 ght
beam f ocused on the recording |ayer of the optical disc under goes
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| ayer differs fromt h eal ractive index that the nmedi um shoul d' have
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change t h ransm ayer ecause the
applied to the optical disc. In other words, the refractive mdex and thickness of the

light-transmitting layer are set at such values to minimize the spherical aberration
caused by the objective lens.

Consider an optical disc that has a recording layer and a light-transmitting layer
which covers the recording layer and to which light beams of short wavelength are
applied through an objective lens having a large numerical aperture (NA) to record data
at a high density and reproduce the data. Since the objective lens has a large numerical
aperture (NA), either light beam focused on the recording layer of the optical disc
undergoes spherical aberration if the refractive index of the light-transmitting layer
differs from the ideal rcfractivé index that the medium should have to minimize the
spherical aberration. (The ideal refractive index shall be hereinafter referred to as
"design refractive index of the objective lens.") |

Hence it is required that the refractive index of the light-transmitting layer be

changed to the design refractive index of the objective lens. It is extremely difficult,




refractive index is specific to the material of the light-transmtting
| ayer. The light-transmtting |ayer nay be made of a single material. In
this case, the refractive index of the material deté&r feRESTPREt 265t he
light-transmitting layer. It is therefore necessary to search for a
material whose refractive index is identical to the design refractive
i ndex of the objective lens. This is not so practical a nethod. Should
t here exist such a material, it could ndt be selected and used due to its
ot her physical properties such as nmechanical strength. If a materi al
sel ected had other desiraple _propertie its refractive index mou“%ﬁbe

e
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di f ferent PPWRYHhEO elangsihe efractive vadenefethedight frasmiiing daxes besause
spherical aberration may not be mnimzed only if the thickness of the
| i ght - t r ansaffactive gndezyespecticddjthe mageriabo§ tedsght-¢rapsmitting laygsnt i on
Enbodi nents of the invention provide an optical disc that has |ight-
transmtting | a¥he lighismsmitfing édyiey endyristemnadanf 8 asigleymbterialdjugtiedaseothehe
design refractive index of the objective |l ens, thereby to reduce spherical
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provi ded an optical disc conprising a substrate and at |east a recording
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other, in which a light” beamis applied to the recording |ayer via the
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caused by an objective |en thai focuses,t he Ii,glht bea uged_ :
properties such as mechanical strength. If a material selected had other desirable
properties, its refractive index would be different from the design refractive index of

the objective lens. The spherical aberration may not be minimized only if the thickness

of the light-transmitting layer is adjusted.

Disclosure of the Invention
Embodiments of the invention provide an optical disb that has light-
transmiiting layer whose refractive index can easily be adjusted to the design
refractive index of the objective lens, thereby to reduce spherical aberration greatly.
According to an aspect of the invention, there is provided an optical disc
comprising a substrate and at least a recording layer and a light-transmitting layer, laid
~on the substrate one on the other, in which a light beam is applied to the recording
layé_r via the light-transmitting layer to record and/or reproduce data wherein the

light-transmitting layer is composed of at least two material layers of different



to record and/or reproduce data, at a value close to a mninum In the
optical disc as described in enbodinents of this invention, the |ight-
transmtting |layer is conposed of at |east two naterﬁaﬁepﬁﬁ@b§rh808ﬁg
different refractive indices. The refractive index of the
light-transmtting |ayer as a whole is determ ned by the refractive
indices of the materials of the material |ayers. The refractive index .of
the light-transnmtting | ayer can therefére be nade to approach the '
refractive index that objective | ens should have (i.e., the design
refractive index of the objective lens), by using desirable materials for
t he mat er i alatdridjsedasd one by aneficusnd hayingdiffenend refaactivayiedised, and i ddsigred. Thi s
renders it possible to mnimze the spherical aberration. Hence, the

mat eri al s of set Rghericgihbetratimscauséd by ah appectivalendthas &casdsatle tightrboant wsed
materials than in the case the layer is nade of only one | ayer. The other

obj ects of td fecérd andeitirepradaddiddtiiat atvalle AGheaABhagRemaghi eved by this
invention will be nore apparent fromthe foll ow ng description of the
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refractiveyidifited by the refractive indices of the materials of the material layers. The
refractive index of the light-transmitting layer can therefore be made to approach the
refractive index that objective lens should have (i.e., the design refractive index of
the objective lens), by using desirable materiais for the material layers or by
adjusting the material layers in thickness. This renders it possible to minimize the
spherical aberration.
Hence, the materials of the light-transmitting layer can be selected from more
materials than in the case the layer is made of only one layer.
The other objects of this invention and the other advantages achieved by this

invention will be more apparent from the following description of the embodiment,

1n conduction with the accompanying drawings.

' BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cross-sectional view of an optical disc according to the present
invention;

F1G. 2 is a graph representing the relation between the spherical abertation and



of the light-transmtting |ayer have when the |ayer is conposed of a singly
|l ayer; FIG 4 is a graph illustrating the relation between the thickness
of a layer made of polycarbonate filmand the thickRes$PEmReraydPomde of
pressure-sensitive adhesive layer; and FIG 5 is a diagramdepicting the
rel ati on between the thickness of the polycarbonate filmand the spherical
aberration. Best Mdde for Carrying out the Invention An optical disc.
according to-the present invention will be described, with reference to

t he acconpanying drawings. As FIG 1 shows, the optical disc 1 according to
this invention conprises a substrate €, a reflecting layer 3, a recording
| ayer 4, and a light-transmtting |layer 5. The layers 3, 4 and 5 are

provi ded the refiectivetindexaekthg lightiranspidtinglayerdhe s e thicknessof 180485 they are
menti oned. Light beans are applied to the recording layer 4 through the

| i ght -t ransmni tKIGng i agiagran sheving tor mlatioo that treodiickoessand refraptive sndsi and
fromthe recording |ayer 4. The substrate 2 is made of a resin such as

pol ycar boogghe lighttransmittinpiag bokse windnythe bfyenisrempused bfa singbtlapdre 2 is one
that is 0.3 mmthick or thicker. The reflecting layer 3 is provided on the

back of the reqqor diigWglapliefustratiag (18 leRgion DeSaehahdiiickdeSoth laydramideappl i ed
toit. The layer 3 is nmade of, for exanple, A or Al alloy. The recording

layer 4 i &ﬁd?ﬁcalrﬁ’diﬁfe Bitn Wi 4R Kidkress bENRYEr Bide sfPre¥sBRsenbilive Bllfesive
enbodi nent,” the |layer 4 is nade of a phaSe-change material whose
refl ect a”ﬁ?er"ﬁﬁ& es

FIG. 5 is a diagram depicting the relation between the thickness of the

polycarbonate film and the spherical aberration.

Best Mode for Carrying out the Invention

An optical disc according to the present invention will be described, with
reference to the accompanying drawings.

As FIG. 1 shows, the optical disc 1 according to this invention comprises a
substrate 2, a reflecting layer 3, a recording layer 4, and a light-transmitting layer 5.
The layers 3, 4 and 5 are provided on the substrate 2, laid one upon another, in the
order they are mentioned. Light beams are applied to the recording layer 4 through the
light-transmitting ]ayef 5, to record and reproduce data signals on and from the
recording layer 4.

| The substrate 2 is made of a resin such as polycarbonate resin or amorphous
polyolefin resin. The substrate 2 is one that is 0.3 mm thick. or thicker.

The reflecting layer 3 is provided on the back of the recording layer 4 to reflect



and can therefore record data signals. It can be nade of any desirable
phase-change material. Exanples of this material are Ge-Sbh-Te,
Ag-1n-Sb-Te,, and the like. The recording |ayer 4 needwdehernedd of a
phase-change material. Rather, it may be mnade of an organic dye based
recording material, a nmagneto-optical material, or the |Ilike. The
light-transmtting layer 5 protects the reflecting |ayer 3 and the
recording layer 4. To the light-transmtting |layer 5 there is applied a

| ight beamfroma recording/reproducing apparatus to record or reproduce a
data signal on and fromthe recordindg |ayer 4. The |ight beamthus applied
passes through the light-transmtting layer 5 and is focused on the

r ecor di ndighiyppplief totiheThe lpyer 8 ismads % forFxaapls, A arAl alledposed of two
material layers 6 and 7. The second material layer 7 is laid on the first
mat eri al | ayefThe. reTowmdirfg lager 4risttbe layler bnydhicicdatadignhls asewaledutathisl | ayer
7 differ in refractive index. Thus, the refractive indices of the layers 6
and 7, cabbotisient, dgdhard, is detdeofa phssetdtange firataial whosemfeclafice tagies
light-transmitting |layer 5. The refractive index of the light-emtting

| ayer 5 isndQfanahetafdre rédofis athQightiR. TEéande! inude bhaigXdestrhbletphate-tlimmgspher i cal
aberration can be reduced to a mninum For exanple, the light-transmtting

layer hasngiefisf r BedrthMes bl €AY nitfterfil aRPGE DY Te VAL IE-SbOTe, g tBeFken Thef ract i ve
i ndex that is based ‘on the design of the objeciive | ens 5 Septenber 2005 8
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like.
The light-transmitting layer 5 protects the reflecting layer 3 and the recording
layer 4. To the light-transmitting layer 5 there is applied a light beam from a
recording/reproducing apparatus to record or reproduce a data signal on and from the
recording layer 4. The light beam thus applied passes through the light-transmitting
layer 5 and is focused on the recording layer 4. The light-transmitting layer 5 is
composed of two material layers 6 and 7. The second material layer 7 is laid on the
first material layer 6. The first materjal layer 6 and the second material layer 7 differ
in refractive index. Thus, the refractive indices of the layers 6 and 7, combined
s togethér, determines the refractive index of the light-transmitting layer 5. The
refractive index of the light-emitting layer 5 is of a value close to the refractive index
at which the spherical aberration can be reduced to a minimum.

For example, the light-transmitting layer has a refractive index of an optimal

value, or the design refractive index that is based on the design of the objective lens



according to this invention is conposed of two | ayers. One of these |ayers,
i.e.,.the first material layer 6 or the second material |ayer 7, is nade
of a material (high refractive-index material) that *h&§P&siigFert005
refractive index than the material (low refractive index material) of the
other material |ayer. Hence, the light-transmtting |ayer 5 as a whole
exhi-bits a refractive index that is halfway between the refractive indices
of the first and second material layers 6 and 7. This makes it possible to
set the refractive index of the layer 5 at a value close to the design
refractive index, only if the materid |ayers 6 and 7 are adjusted in
terns of refractive index and thickness. The design refractive index, the
hi gh r ef rpovided- ihedecording/rapadducing] appasatuswand: avhicte reduses dhexsphabiedi al wil |
be explained. As FIG 2 shows, the spherical aberration varies as the
refracti veberngion t0h mipEnumght -transmitting layer 5 is varied. The spherica
aberration is mninmal at a specific refractive index (1.6 in this case).

This refractivgs pofif@K oshahiliebe tigallighttrinkesittony layer & of ke i opdienl ‘disany
material falling“in region A of FIG 2, which has a refractive index higher

than the %}cgﬁg(i@ﬁﬁ@ﬁﬁvalﬂ%ﬂ RIBpostbs ivikelayeise Umofithessiayérsghe., the
e

refractive-in material." Any material failing in region B of FIG 2,

whi ch hassds LERERANRYE 6 BBt RN hiteRall iger ASK GRS 8f hambioval (Bikex, shal

be referréd to as w refractive-index material." As indicated above, the
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conposed rg. mat I Tayer an e second mater| al layer 7. The
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refracti V]gy(iarn asa C\)n];hoaehgxhlif-)igshé festfrraacﬂ%mn}clteix at is halfway between the refractive
indices of the first and second material layers 6 and 7. T his makes it possible to set the
refractive index of the layer 5 at a value close to the design refractive index, only if the
material layers 6 and 7 are adjusted in terms of refractive index and thickness.

The design refractive index, the high refractive-index material, ahd the low
refractive-index material will be explained. As FIG. 2 shows, the sphericél aberration
varies as the refractive index of the light-transmitting layer 5 is varied. The spherical
aberration is minimal at a specific refractive index (1.6 in this case). This refractive
index shall be called "design refractive index." |

Any materiai falling in region A of FIG. 2, which has a refractive index higher
than the design refractive index, shall be referred to as "high refractive-index material "
Any material falling in region B of FIG. 2, which has a refractive index lower than the

design refractive index, shall be referred to as "low refractive-index material."

As indicated above, the light-transmitting layer 5 is a two-layer component and




| ayer 5, so defined, is close to the value that serves to mnimze the
spherical aberration. Thus,-the light-transmtting |ayer 5 of the optlcal
disc 1 can possess a refractive index that can decr easertalsgheGloa
aberration to a minimum Since the refractive index of ‘the
light-transmtting |ayer 5 can accord well with the design of the |ens

I ncorporated in the recordi ng/reproduci ng apparatus, the |ight beam applied
through the light-transmtting |ayer 5 undergoes but a small spherical
aberration. In the optical disc I of this invention, the first material

| ayer 6 is made of low refractive-index material, while the second
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the invention, the first a Seco erial | ayers ar e adj ust ed
in t hi cknd@texhibifsaparticyl %ﬁ?ﬁd‘?‘fﬁivet‘?fﬂt’;‘nﬁi‘g efragtive, "pﬁﬁf’gpﬁ Pgh'evallf‘é'&m se t he
spherical aberration. Alternatively stated, it isdesjired that the first and
second rlayer 4 so|defised, & dage o Khe @aliue Bt sores doimigiaize HiecsPhericd) der to
mnimze the spherical aberration caused by the light-transmtting |ayer

5. The opabarsitionhiBimets light-tranemitting layeatSeof thie dpsigal disc drepntpassesptdi mal

t hi ckness for the second material layer 7 will be explained, with

r ef er encerefractioenindex dligilcen de&reSepthe spheric@batiertdion The rﬁinrimume&npft thei s an
optical disc 1 conprising a light-transnmitting layer 5 that is 100 mthick
and has arefattiacindeeof the tighefradso€i@ingliperts dan tacomt evellabith theelesigniof theade  of

pressure-sensitive adhesive (trade name: DVD-8310, nanufactured by Nitto
Denko lens incorporated in the recording/reproducing apparatus, the light beam applied
through the light-transmitting layer 5 undergoes but a smal} sphcricai aberration.

In the optical disc 1 of this invention, the first material layer 6 is made of low
refractive-index material, while the second material layer 7 is made of high refractive
index material. UV resin, pressure-sensitive adhesive, and the like can'be exémplifigd
as the low refractive-index material. Polycarbonate film and the like can be
exemplified as the high refractive-index material.

In the optical disc 1 of the invention, the first and second material layers 6 and
7 are adjusted in thickness to have an optimal thickness ratio that further decrease the
spherical aberration. Alternatively stated, it is desired that the first and second material
layers 6 and 7 have an optimal thickness each in order to minimize the spherical

aberration caused by the light-transmitting layer 5.

The optimal thickness for the first material layer 6 and the optimal thickness for

the second material layer 7 will be explained, with reference to some examples.




Co., Ltd.; refractive index: 1.482). The second material layer 7 is made of
pol ycarbonate film (trade nane: C 1400, manufactured by Teijin Co., Ltd.;
refractive index: 1.615). The inventors hereof studiedsrdepibed @8Ciomal

t hi ckness for each of the first and second material |ayers 6 and 7. Note
that the lens provided in the recording/reproduci ng apparatus has an NA of
0.85. First, the inventors nade cal cul ations, using the optical design

eval uation program (CODE V; U S. Optical Research Associate), to determ ne
the relation between the refractive index and thickness of the
light-transm-tting |ayer of an opticalio disc. It should be noted that the
light-transmtting |layer of this disc is conposed of a single |ayer.

Assune that t HEnesiiepeiangile Bharoptitildisciiconprisingailight-ansmitoglegertsidhater o) i f
the refractive index, i.e., reference refractive index, is 1.6 and the

|'i ght - t r apsIpoinh N ck BYEhas PreffachPdindek BE ¢160. 'ﬁfh%rflrstﬂii@tehhl rkesis dt t he
light-transmtting.layer 5 nust have to mnimze the spherical aberration

devi at es %f;ﬁ}g%sqjgpséﬂsit vealaﬁegl (Lﬁ% nYRed W%@fo IfRufactdéd b NarsDédKol ng
| ayer 5 changes, as can be seeh fromFIG 3. AS FIG 2 depicts, the
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bet ween t refractive ex an esign re ractlv -1 ndex, the nore
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recording/reproducing apparatus has an NA of 0.85.

First, the inventors made calculations, using the optical design evaluation -
program (CODE V; U.S. Optical Research Associate), to determine the relation
between the refractive index and thickness of the light-transmitting layer of an optical
disc. It should be noted that the light-transmitting layer of this disc is composed of a
single layer.

| Assume that the spherical aberration is eliminated (or reduced to zero) if the
refractive index, i.e., reference refractive index, is 1.6 and the light-transmitting layer
5is 100 pm thick. Then, the thickness thét the light-transmitting layer 5 mgst have to
- minimize the spherical aberration deviates from 100 pm if the refractive index of the
light-transmitting layer 5 changes, as can be seen from FIG. 3. As FIG.-Z depicts, the
‘sphcrical aberration is not zero at minimum. The greater the difference between the
refractive index and the desi‘gn refractive index, theé more prominent the spherical

aberration. In FIG, 3, the abscissa indicates the refractive index, whereas the ordinate



- polycarbonate filmand  the fi

Next, the inventors perfornmed cal cul ati ons, using the optical design
evaluation program wth regard to a light-transmtting |layer 5 conposed
of the first and second naterial layers 6 and 7. The® disjrdctihas ¢f0Ghe
calculations was to determine how the first material |ayer 6 should be
thin or thick to mnimze the spherical aberration when the second
material layer 7 is changed in thickness. Note that the reference
refractive index (design refractive index) was set at 1.6, and the
light-transmitting layer 5 at 100 mthick. The second material |ayer 7
made of ploycarbonate fil mwhose refragtive-index is 1.615 my have a

t hi ckness ranging from50 mto 100 m Then, it only needs to change the

t hi cknessshatystifie tifikriess (ML ggti1atank@itang fayerhivethave tomsiaimize the spherical
pressure-sensitive adhesive having a refractive index of 1.482, as is

i 1T ustratgd .fof! fa Fi6. 2, heXtd8iksal BoWR IR refragtive inéx, laha firddriinangshoager 5100
mthick as a whol e. nFIG 4, the abscissa indicates the thickness of the:

pol ycar bQﬂ?&@n{'ﬁ%dceri’gﬁ&l ,aP&?%gﬂ]d material |ayer 7), '‘and the ordinate

i ndi cat es ness o e pressure-sensitive adhesive |ayer (i.e.,

first material,layer.6). FlG 5 j o5k f
the pol ycar oo ieniess BB iFulafnt Ke r ot RERel DRI TO50 ,©
that the spherical aberration at the.light-transmitfi tenb

2005 12 IowREhaALLERY ot B PRLE Bha RREdof e FRYSha el 0T

) st material. | ayer 6 made of .
pr essur e-BalgERL lavgs&m&?-vlhmf@%tﬁ WFtcﬁ‘ceﬁi(’Qﬂﬂwfg?o ﬁ?‘?ﬂ?lgﬁ how the
respectively. In FIG 5, the abscissa_ depicts the tﬁi ckp ss of the
first material layer 6 should be thin or thick to minimize the spherical aberration when

the second material layer 7 is changed in thickness. Note that the reference refractive
‘A index (design refractive index) was set at 1.6, and the light-transmitting Jayer 5 at 100
pm thick.

The second material layer 7 made of ploycarbonate film whose refractive index
is 1,615 may have a thickness ranging from 50 pm to 100 pm. Then, it only needs to
change the thickness of the first material layer 6, which is made of pressure-sensitive

. adhesive having a refractive index of 1.482, as is illustrated in FIG. 4, in order to make
the light-transmitting layer 5 100 pm thick as a whole. In FIG. 4, the abscissa indicates
the thickness of the polycarbonate film (i.e., second material layer 7), and the ordinate
indicates the thickness of the pressure-sensitive adhesive layer (i.c.,l first material layer
6).

FIG. 5 shows the relation between the thickness of the polycarbonate film and
the spherical aberration.

The inventors found that the spherical aberration at the light-transmitting Jayer




pol ycarbonate film (i.e., second material layer 7) and the ordinate depicts
the spherical aberration. That is, the spherical aberration can be nuch
reduced by changing the thickness of the second matériSgpteaper 20vade of
hi gh refractive-index material that has a refractive index exceeding 1.6
and by- conbi ning the second material layer 7 wwth the first material |ayer
6 made of low refractive-index material that has a refractive index of

| ess than 1.6. The spherical aberration can be elimnated (or decreased to
zero) by adjusting the thickness of the first nmaterial |ayer 6 and that of
the second material layer 7. As expl aimed above, the optical disc 1 of this
I nvention has a light-transmtting layer 5 that is conposed of two | ayers,

i . e., thes §idiBiscanslz&6anied thedeeshdinaleinblaye67 ande offpilpearhopadé filra padit
refractive indices. The refractive indices of these material layers 6 and

7 determpes 135 ek 8 ShaddB e preQfurb Rendifiehdhesiqasietd 90 o thizkend 50 The
Iight-tratﬁgﬁa}é???zﬁgll Z{‘I"tgr 5 of tge-optical disc 1 can, therefore, have a

gnt - transi | IS¢ o
refract! vy {Pﬁﬁﬁé rﬁgéér%zi@?lﬁo L ted ﬂetﬂehﬁtjsdi@sﬁ'!(zﬂtpil&és thbahsdMpess odlthe

aberrati at the light-transm ng layer 5 has a

refractive.index identj.cal | 8fdiihEddBES ihd pftridad
i ncor por HONEAT Oqaﬁeeﬁ&é gr’a?%éﬁﬁéhg?gﬁzﬁgay@gggﬁat us. Tf?i?s redéli}ces t he
spherical ,aberration of the light applied to the recording |ayer 4 through

the Ii ghta-bteFréHQ’l‘ri tting 5 Septenber 2005 13 layer 5. In the optical disc 1
ai ractive | nddet Behe adterisy DAeRoh e Gege et (BRY e e s BB orn
of the second materia} layer 7 made of high refractive-index material that has a
refractive index exceeding 1.6 and by combining the second matefia] layer 7 with the
first material layer 6 made of low refractive-index material that has a refractive index
~ of less than 1.6. The spherical aberration can be eliminated (or decreased to zero) by
adjusting the thickness of the first material lafer 6 and that of the second material layer
7.
As explained above, the optical disc 1 of this invention has a light-transmitting |
layer 5 that is composed of two layers, i.e., the first and second material layers 6 and
7 having different refracﬁve indices. The reffactive indices of these material layers 6
~and 7 determine the refractive index of the light-transmitting layer 5. The
light-transmitting layer 5 of the-optical disc 1 can, therefore, have a refractive index
close to the value that minimizes the spherical aberration. This means thaf the
light-transmitting layer 5 has a refractive index identical to the desi gnvalue of the Jens
that is incorporated in the recording/reproducing apparatus. This reduces the spherical

aberration of the light applied to the recording layer 4 through the light—transmitting




refractive indices and which constitute the layer 5. In other words, the
refractive index of the light-transmtting |layer 5 is determ ned by the
refractive indices of the two materials. Hence, the hetextieneof2dive
[ight-transnmitting |ayer 5 can be selected from nore materials than in the
case the layer 5 is made of only one layer. Further, in the optical disc 1
of this invention, the first and second naterial |layers 6 and 7 are
adjusted in ternms of thickness, to achieve the best possible ratio of

t hi ckness. This hel ps to reduce the spherical aberration of the |ight
applied to the recording layer 4 viaiihe light-transmtting |ayer 5. Thus,
the optical -disc 1 according to the invention can achieve a sufficient
reducti onlapér Spherical aberration even if the light-transmtting |ayer 5
has a thickness that deviates fromthe design value. In the enbodi nent

descri bed aboVg thd &jftidal @RE-1t dcebrdihg td the préd¥pr inventisBRSkghtGtansiniing ayer s of
different materials having different refractive indices. Nonethel ess, the

l'i ght - trélﬁ?é?stﬁdsriﬁ réﬁa/&fvcfi'ﬁd’exbcﬁefﬁﬁ%gﬂ%ie of tvﬁ@ﬁﬁ?erﬁls WERICR hh e/ @i rdn@ d one
on anther.” In this case, too yers are made of l[ow refractive-i ndex

materi al S aRg 1955|ccsr ‘ﬁ;drv@l‘fﬁ:h YGasie ﬁ]f:"f%;e‘? 5 #l &heaya GlgsAKe }éfﬁgﬁ{?ﬁﬁ#ﬁ o case

aberratlon at the transmittin ayer can ecrease

where N g0 APl agn@(@ a@@%ﬂgt ud%fe%nplaﬁ ol e e ¥ 4.@%9%; 00,

t he Iayers may alns A terns
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Further, in the optical disc 1 of this invention, the first and second material

layers 6 and 7 are adjusted in terms of thickness, to achieve the best possible ratio of -

thickness. This helps to reduce the spherical aberration of the light applied to the
recording Jayer 4 via the light-transmitting layer 5. Thus, the optical disc 1 according
to the invention can achieve a sufficient reduction of spherical aberration even if the
light-transmitting Iayer 5 has a thickness that deviates from the design value.

In the embodiment described above, the light-transmitting layer is composed of
two layers of different maicrials having different refractive indices. Nonetheless, the
light-transmitting layer may be composed of three or more layers laid one on anther.
In this case, too, the layers are made of low refractive-index materials and high
;efxactive—index materials, whereby the spherical aberration at the light-transmitting

- Jayer can be 'dccreésed. In the case where three or more layers constitute the
' lightétransmitting layer, too, the layers may be adjusted, one against another, in terms

of thickness, in order. to minimize the spherical aberration at the entire



applied to optical discs whose recording |ayer is made of no phase-change

material, that is, to optical discs each having a reflecting | ayer
provided directly upon the substrate. Industrial App iSsdignber A906pti cal
di sc according to the present invention has a light-transmitting |ayer

that is conposed of two or nore layers |aid on one another and nade of
materials having different refractive indices. The refractive indices of
the layers define the refractive index of the entire light-transmtting

| ayer. The refractive index of the light-transmtting |ayer is set at such
a value as would m nimze spherical ahgerration. That is, the :
light-transmtting |ayer has a refractive index close to the val ue that
reduces tiemSRRGMiCAL IAReI ration to a mninum Thus, the light-transmtting
| ayer can ~have a refrdctive index identical to the design value of the

| ens provi ded1’*1{&éﬁ\%a@@ﬁﬁ@ﬂ@%&%%@&am@@ummgaﬁws—m‘guﬂy& zes the

spherical aberration o appli to the recording | ayéer through

e ant Chushh{ ARAL b WP RY Chand InbifaPP H Ryl BE AECAL HIGHA chitdopr esent

i nvention, ayer S its ractive i ndex
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Therefore, the light-transmtting |ayer of the optical disc according to

the inverubsiitean be made of naterials selected fromnore materials than
in the case the layer is nade of only one |ayer.

Industrial Applicability
- An optical disc according to the present invention has a light-transmitting layer
that is composed of two or more layers laid on one another and made of materials
having different refractive indices. The refractive indices lof the layers define the
refractive index of the entire light-transmifting layer. The refractive index of the
light-transmitting layer is set at such a value as would minimize spherical aberration.
That is, the light-transmitting layer has a refractive index close to the value that
reduces the spherical aberration to a minimum. Thus, the light-transmitting layer can
have a refractive index identical to the dcsign value of the lens provided in the
reéording/reproducing apparatus. This minimizes the spherical aberration of the light
applied to the recording layer through the light-transmitting layer.
In the optical disc according t.o the presént invention, the light-transmitting layer
has its refractive index determined by those of its constituent layers that are made of

low refractive-index materials and high refractive-index materials. Namely, two |




:

5 Septenber 2005 16 CLAIMS 1. An optical disc conprising a substrate and
at least a recording layer and a light-transmtting |layer, laid on the
substrate one on the other, in which a light beam i dFRtisstban 44D
recording |layer through the light-transmtting |ayer to record and/or
reproduce data, wherein the light-transmtting |layer is conposed of at

| east two material layers of different materials, |laid one on another and
having different refractive indices, and is designed to set spheri-cal
aberration caused by an objective |lens that focuses the |ight beamused to
record and/or reproduce data, at a valise close to a mninum 2. The optica
di sc according to claim1, wherein at |east one of the material |ayers has
a refract imateriatgeidiffiegine reftalctive indiced esd gmbieéd toddfine thewtractive index obj ect i ve
| ens, at |east another of the material |ayers has a refractive index | ower
than the ugfdndied iig’lﬁ—trdﬂﬂﬁﬂ%in?iay&ﬂi'ﬂleaéfok@ﬂidliglm&raﬂﬁmitﬂﬁg hiyeeofithé optioabr s,
said-at | east one of the naterial |ayers and said another of the materi al

layers ar gjsg Qeaziraﬁ.th& the'ThidnfoaRat BEnaHbOf hfatdrial HRBICiall fréi nete ederiyls t he
objective lens. 3. “The optical disc according to claim2, wherein the

mat eri al iﬁqé%&%ﬁ@rﬂ?ﬁh%‘ﬁﬁ%iﬂ%w6’%]&?&ti ng layer, the layer having a

refractive index ant esilgn, efractive index of the objective
lens lies on a side at which the |ight beamis applied. 4. The opti cal

di sc according to claim?2, wherein the material |ayers are adjusted in

t hi ckness to reduce spherical aberration caused by the light-transmtting

| ayer to a value close to a m ni num '



Optical Disc ABSTRACT  An optical disc conprising a substrate and a
recording layer and a light-transmtting layer, laid on a substrate one
upon the other in the order nentioned. A |ight beam5 Se@isied £2806he
recording layer through the light-transmitting layer, to record and/or
reproduce data on the disc. The light-transmtting |ayer is conposed of at
| east two material layers laid one on the other and having different
refractive indices. The disc is designed to set the spherical aberration
caused by an objective lens that focuses the |light beamused to record
and/ or reproduce data, at a val ue cl 0os€ to a mininum

CLAIMS

1. An optical disc comprising a substrate and at least a recording layer and a

light-transmitting layer, laid on the St.lbstrate one on the other, in which a light beam

is applied to the recording layer through the light-transmitting layer to record and/or

reproduce data,

wherein the light-transmitting layer is composed of at least two material layers

of different materials, laid one on anothér and having different refractive indices, and

is designed to set spherical abcrrat.ion caused by an objective lens that focuses the light

beam used to record and/or reproduce data, at a value close to a minimum.

2. The optical disc according to claim 1, wherein at least one of the material layets

has a refractive indcf: higher than the design refractive index of the objective lens, at

least another of the material layers has a refractive index lower than the refractive

index of said at least one of the material layers, said at least one of the material layers

and said another of the material layers are combined to minimize the spherical

aberration caused by the objective lens.

3. The optical disc according to claim 2, wherein the material layers composing the |

light-transmitting layer, the layer having a refractive index higher than the design
 refractive index of the objective lens lies on a side at which the light beam is applied.
4. The optical disc according to claim 2, wherein the material layers are adjusted

in thiékness to reduce spherical aberration caused by the light-transmitting layer to a

value close to 2 minimum.





