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 ember 20)&r,2on which data signals have been recorded through the light-transmitting layer

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 .



fromthe optical disc. Another nethod is to increase the nunerical aperture
(NA) of the objective |lens which focuses a |light beamemtted froma | i ght
source on the signal-recording |ayer of the optical diSs®tamheresyp

reduce the size of the beamspot fornmed on the focal plane. For CDs
(Conpact Discs, 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
obj ective | ens having nunerical aperture (NA) of 0.45 is enployed. The
storage capacity of each CDis thereby increased to 650 MB. For DVD- ROVs
(Digital Versatile Di sc Read Only Menories), a |light beam having
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opti cal sc has Efi* t transmtting layer, or a thin cover |ayer. The

[ight be gdopt 8% to the light-transmitting |ayer, thereby to
record or reproduce data on_and fromthe optical disc. Mire precisely, a:

li ght beam haJior§Is ((eppapach itisess adyrecef antical disos)nfar exampls, iadight deame di sc
t hrough an objective Iens having a nunerical aperture (NA) larger than
0. 78. Thibavingowhvelength of 786 mm lsmapbfed tereash date sighalsgrah thatGDwand agr eat er
anount of data. When a light beamis applied to any optical disc to record
or repr ocijectivatlens h8dpg awhericalOap@sture (NA) of 0.45 is 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



3 signals on or fromthe optical disc, it is necessary to mnimze the
spherical aberration that occurs as the light beamis focused on the
optical disc. To this end, the objective |ens and the Septice®erdiZd®ar e
designed in ternms of their optical properties. To be nore specific, the
l'ight-transmtting |ayer of the optical disc is optimzed in refractive
i ndex and thickness in accordance with the optical properties of the
objective lens that focuses the |ight beamon the optical disc. This
measure reduces, as much as possible, the spherical aberration that takes
pl ace when the light beamis applied 3o the optical disc. In other words,
the refractive index and thickness of the light-transmtting |ayer are set
at such vaigoels onerfiom theopticalalisspit éynecassagblormimiming thesphsdenl pherrpiéon
objective lens. Consider an optical disc that has a recording |layer and a
| i ght - t r atisrotdurngs (heyight beum istfocusedon thdeptiet disdi Mg thiagad, thedbjectivehi ch
| i ght beans of short. wavel ength are applied through an objective |ens
havi ng a leak@ad ticapliisc apeddsipned (iNRYmE of tietosicdhp@pesiesa hi gh density
and reproduce the data. Since the objective |lens has a | arge nunerical
~aperture (NA),T&bb e ég&tftc, hﬁqrghimﬁasﬁﬂﬁﬂgnaymﬂm@@[mam&sé Rptintiked he
optical disc undergoes sphérical aberration if the refractive index of the

light-t raﬂxsf@gi 499 ih@4Ehnd ﬁii&&f’c&iieﬂ LA ddiRe | WiRR khd S@E&@?’ 6pzértiiégd§f<tﬁe:ﬂat the

medi um shou ave to mnimze t spherical aberration. (The idea
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applied to the optical disc. In other words, the refractive index 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,




5 Septenber 2005 4 however, to change the refractive index of the
light-transmtting |ayer, because the refractive index is specific to the
material of the |ight-transmtting layer. The |ight-fr 8aBfeiPeisg2P8yer my
be made of a single material. In this case, the refractive index of the
material determnes that of the light-transmtting layer. It is therefore
necessary to search for a materi al mhosg refractive index is identical to
the design refractive index of the objéctive lens. This is not so
practical a nmethod. Should there exist such a material, it could not be
sel ected and used due to jts other physical . properties such as nechani cal
strength. hpwaveratoeshamee dbag sefrashve dedey plethedighttrpppitting Laser besause the
refractive index would be different fromthe design refractive index of

t he obj ect refechize sndeXhespashrtodh mabertal of therlightyransmitiieg Fysi.ni zed only i f
the thickness of the light-transmtting |layer is adjusted. D sclosure of
the I nvention Efthedightetmmsmiting beyer megrited madpody isuhgleamatenal. dmthidcase, theat has
light- transmitting | ayer whose refractive index can easily be adjusted to

the desi gnrefrfivesidexeof the exatefialt didediihes tHay of kigNHghtt thiselittingOayadcie
spherical aberration greatly. According to an aspect of the invention,

there i's prRYIHROIRBsAR} IoChrcll BF a HABRAI FhAS r@fr§é%ﬁ%tih§é>?isﬁﬂgntﬁ§al teet a

recording layer and a Iight-transnmtting layer, laid on the substrate one
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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



5 Septenber 2005 5 materials, |aid one on another and having different
refractive indices, and is designed to set spherical aberration caused by
an objective lens that focuses the |ight beam used toSeeEéergcandl8p
reproduce data, at a value close to a minimum In the optical disc as
described in enbodinents of this invention, the light- transmtting |ayer
is conposed of at least two material |ayers having different refractive
indices. The refractive index of the light-transmtting |layer as a whole i's
determ ned by the refractive indices of the materials of the materi al

| ayers. The refractive index of the light-transmtting |ayer can therefore
be made t omapgstabsm ddid phe on padtharand kavimgldiffer¢rdrelvitivetindiced, and isdesigngdhave
(i.e., the design refractive index of the objective |ens), by using

desi rabl e tedetsplatrisalf aberrbtien caised byabn bbjeetise lens that fardpesshe fight Beannesedr i al

| ayers in thickness. This renders it possible to mnimze the spherical

aberrat i onto tdesieandidigcprdtiedd @dtg, #h valie dibhbathanaphi ting | ayer can be
selected fromnore materials than in the case the layer is nade of only

one |ayer. The gf RS oREPEIsE Rf ddsBiied Y &MbbAMeARL s ﬁiv‘éﬁﬁorﬁﬁﬁ@ﬂfgﬁﬂes

achieved by this invention wll be nore apparent fromthe foll ow ng

descriptio ; i { n.rcQn ! 1 it NY§
dr avi ngs. B e BE R R0 ] T ERAN RGP Hblfaf I8 cRE HATRA MIMEent

view of an:gpltic@inditeiC TRE TR ihed BEHRY BSR ManshRViGBULPY as 2 whole is

determined 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



FIG 2 is a graph representing the relation between the spherical
aberration and 5 Septenber 2005 6 the refractive index of the
light-transmtting |ayer that has a thickness. of 10Q FePtEmger3Zi§s,y

di agram showi ng the relation that the thickness and refractive index of the
light-transmtting | ayer have when the layer is conposed of a singly |ayer;
FIG. 4 is a graph illustrating the relation between the thickness of a

| ayer made of polycarbonate filmand the thickness of a | ayer made of
pressure-sensitive adhesive layer; and FIG 5 is a diagramdepicting the
rel ati on between the thickness of the ¢polycarbonate filmand the spheri cal
aberration. Best Mde for Carrying out the Invention An opt| cal disc

accor di ngﬂtedeffh‘élvﬁrléé@h@f ﬁllﬁ\h@hf*ﬂéﬂﬁm\iﬁlmg lpperdbaichas adbickogssiol 188k ence to

t he acconpanying drawings. As FIG 1 shows, the optical disc 1 according to
thi s inventi orFlGofys a dingram slmyhisgﬁlzetlelazipnmatéid thickinesy andyredragive andescor di ng
| ayer 4, and a light-transmtting layer 5. The layers 3, 4 and 5 are

pr-ovi ded ofthe highstrasdmiating Ryet kivd winm thp biyenisatongrased of 4 kimglydayger they are
menti oned. Light beans are applied to the recording | ayer 4 through the

|'i ght -t ransm tRIGD i 2xRphIHlustating de @lt0fl beSRfeadhie hickakss i dapdrsnada and
fromthe recording layer 4. The substrate 2 is made of a resin such as

pol ycar boagscﬁ ¢PSd At Ofilnd ARy ﬁ@%%md%@bf@ia%ﬂIﬂad&%ﬁi‘essﬂéeseﬁbﬁlﬁ% hd¥iegivéd i S one
that is O n¥nth|ck or thicker.

layer; and
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



The reflecting layer 3 is provided on the back of the recording |layer .4 to
reflect 5 Septenber 2005 7 light applied to it. The layer 3 is made of,
for exanple, Al or Al alloy. The recording |ayer 4 i< tS%Uedper ¢®0hich
data signals are recorded. In this enbodinment, the layer 4 is nmade of a
phase- thange materi al whose reflectance varies and can therefore record
data signals. It can be nmade of any desirabl e phase-change nmateri al
Exanpl es of this material are Ge-Sh-Te, Ag-1n-Sb-Te,, and the like. The
recording |layer 4 need not be nmade of a phase-change material. Rather, it
may be nmde of an organic dye based recording material, a nagneto-optical
material, or the like. The light-transmtting |ayer 5 protects the

refl ect i rlight apphiedtodhdThelayee3 éy o, ferexample, 79 ar e lloynt -t ransni tti ng

| ayer 5 there is applied a |ight beamfroma recording/reproducing
apparatus to Theaedoming pernd istbe daydnvn vdiighdata signalsdré resardede Intkisor di ng

| ayer 4. The |ight beam thus applied passes through the light-transmtting
| ayer 5 asmbdidiment tieddyan is headeef apliastgcaage materialvhosé ghitethnaariest i ng

| ayer 5 is conposed of two material layers 6 and 7. The second nmateri al

layer 7 igdlcandh&8fdrdeecotd Atk simmaB! iTedanl tky@adSof dileddsirable phasechankel ayer 6
and the second material |ayer differ in refractive index. Thus, the

refracti yRatenh, _CE%arﬂf;le% be hﬂié‘)&fb&e‘-‘ria@ af'Ge Bb-TOWE1eSb-TOal RS likdeten nes

the refractive index of the light-transnitting |ayer 5. The refractive

| ndex of taldsOilerdThidd NG DRl Bf b Phile-GhatBh URatEHAS Ridfler) Romipbeact i ve

I ndex at e spherical aberration can Be reduced to a m ni num
made of an organic dye based recording material, a magneto-optical material, or the

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 refracﬁve index of an optimal

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



For exanple, the light-transmtting |layer has a refractive index of an
optimal value, or the design refractive index that is based on the design
of the objective lens 5 Septenber 2005 8 provided tleSeptember 2005

recordi ng/ reproduci ng apparatus and whi ch reduces the spherical aberration
to a mnimum As pointed out earlier, the light-transmtting |layer 5 of the
opti-cal disc according to this invention is conposed of two |ayers. One of
these layers, i.e., the first material |layer 6 or the second materi al

| ayer 7, is made of a material (high refractive-index material) that has a
hi gher refractive index than the mater§al (low refractive index material)

of the other material |ayer. Hence, the light-transmtting 5 as a
whol e exhpiovidedatheefecanting/eprodising hpparpts heride wehjchh seduses ﬂlﬁesl%éﬂﬁfﬁct i ve

i ndices of the first and second nmaterial layers 6 and 7. This nakes it
possi bl e firaebntde minghwracti ve i ndex of the layer 5 at a value close to
the design refractive index, only if the material layers 6 and 7 are

adj usted in tegdmhoftited bt %ﬁﬂieyethd”lqilght-ﬁﬂﬁbnﬁthgklms 5 hiahdamitipal déskr act i ve
i ndex, the high refractive-index material, and the low refractive-index

mat eri al z‘(t’,c'olrdﬂ?g G fiveRiTon rs\fc e oS yeish OrpiThéaay B el ¢ Athcon

varies as the refractive iIndex the light- tt‘ansmttlng | ayer 5 is varied.

The Spher%}ﬁ?ﬂat@l@ﬁﬁ?f@a'@@r e 93 hﬁ%a@ﬁala]azae?' fsi ﬁadéeﬁf aChhi¢eial {HRK (1.6 in

this case I's reftactive ex shal | call ed "design refractive
i ndex." An

e hi gl Al e £ 9 RtrAcBhcenae ith] 68 Bz (6kr act i ve

( gn re ractive in be referred to as
hi gh efrre?r%un\//g mldrg)q %atgrti'lzh)c“‘of ﬁle other material layer. Hence, the llght-transmlttmg

layer 5 as a whole exhibits a refractive index that 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 rcfractivc-index'l.naterial."

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




Any material failing in region B of FIG 2, which has a refractive index

| oner. than the design refractive index, shall be referred to as "Il ow
refractive-index material." As indicated above, the B GRHEERFMI44%Ng

|l ayer 5 is a two-layer conponent and 5 Septenber 2005 9- conposed of the
first material |layer 6 and the second material layer 7. The two materi al

| ayers having different refractive indices are conbined, providing one
l.ayer that exhibits a particular refractive index. The refractive index of
the light-transmitting l|ayer 5 so defined, is close to the val ue that
serves to mnimze the spherical aberration. Thus,-the light-transmtting

LS bbb B e A R S T b
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applied throuygh the |light-trapsmi{ti | ayer., 5. under goes t a.suoall
spheri cal thabexhibisagartiq rtrFéa‘B’(YFi“é‘iﬂx- &?‘%E&?"CHV" ’c"ﬁP§°f‘?ﬁ‘9§ﬁP$ﬁﬁ‘,’snpﬁ@gf i rst
material |ayer 6 is nmade of low refractive-index material, while the
second ralayer & sp algfined, issclasriéo dhe ialile that seives ve minaize Higr sphegical Uy
resin, pressure-sensitive adhesive, and the |like can be exenplified as the
| ow r ef r aghdrxationn déhus e dightitranmoitiiog dayen £t of the raphisal dise 1) Gapapasssss e
exenplified as the high refractive-index material. In the optical disc 1 of
t he i nventefmrtive helek itha tcanddcsaseothd spixtrinal abertatipaite aGribnmium? Sinee thdj ust ed
I n thickness to have an optimal thickness ratio that further decrease the
spheri cal reffaefivaindenof tht light:ahnsaeittynglhpdrécaniatedrd sedliwitidthicdasigh loétiei r st and
second materi al

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 exemplified

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.




| ayers 6 and 7 have an optimal thickness each in order to mnimze the
spherical aberration caused by the light-transmtting |ayer 5. The opti nal
t hi ckness for the first material layer 6 and the optim@entsmbieregdObor the
second material layer 7 will be explained, with reference to sone exanpl es.
5 Septenber 2005 10 The first exanple is an optical disc 1 conprising a
light-transmtting layer 5 that is 100 mthick and has a refractive index
of 1.60. The first material layer 6 is made of pressure-sensitive adhesive
(trade nane: DVD-8310, manufactured by Nitto Denko Co., Ltd.; refractive

I ndex: 1.482).. The second material |ayier 7 is nade of polycarbonate film
(trade name: C-1400, manufactured by Teijin Co., Ltd.; refractive index:

1.615). The |nmﬁarﬁlgr@calnqﬂeizfans@tidalelﬁisctlccoinpmmgmtl1gm4tran$mnkn@la§err5dhateach of
the first and second material layers 6 and 7. Note that the | ens provided

in the 1RO MHiEERECHNC RradRP@iAEXSf D®9. ATheNAisOmalri8blayéi § istmadehe
I nventors made cal cul ations, using the optical design evaluation program

(CCDE Vv, & Al BV D-$ 910 alaffficfiRed BENIRI Bérikon
bet ween tﬁire‘ﬁlﬁss aké(fqleslne@%ﬁggfa @gt hi cknes? of thea |ghtet?§nsm tting | ayer

of an OptCSalLtdd' ?e‘frac IIVe SIIH?H!L deQ%);Ot'?ﬁe s@@ﬁndt Bt g&f FNRThiabé ek | ayer
‘conp I

of this di'sé s Assune that the spherical
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ﬁu Ists ﬁgs eirgflgypllcgﬁ). € mvenelorsqlc(r:el% e?u%wc{"to fin gptgrﬁg%lcf(mas Y dabh BBwleayer . S
first and second material layers 6 and 7. Note that the lens provided in _the
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



- pressure-sensitive adhesi V}evag Vi n‘g a refr ‘c{i.ve ind?x

m ni m ze the spherical aberration deviates from 100 mif the refractive
index of the light-transmtting |ayer 5 changes, as can be seen from FI G
3. As FIG 2 depicts, the spherical aberration is not FrtedtemidiGum The
greater the difference between the refractive index and the design
refractive index, the nore prom nent the spherical aberration. In FIG 3,

t he abscissa indicates the refractive i ndex, whereas the ordinate 5

Sept enber 2005 11 shows the thickness the light-transmtting |ayer mnust
have to m nimze the spherical aberration. In FIG 2, the abscissa shows
the refractive index, and the ordi natgjshows the m ninmal spherical
aberration. Next, the inventors perforned cal cul ations, using the optical

desi gn evgloyatth® thichieag iR Mightitfdnsmidag thyepmast haybtio miahsize the sphetiegler 5
conposed of the first and second naterial |layers 6 and 7. The objective of

the cal Cuzihbi%(}:xilgﬂﬂﬁ. WPIG, 2, 48! BRI BRI R ratliveihdBRtaal tidd oldBMes sibwshoul d be

thin or t to mnimze the spherical aberration when the second

mat eri al th@%%haﬁaﬂs?a&*f@ﬂgﬁ&r%ﬁb& hi ckness. Note that 'the reference
i ndeX ‘(desig

refractive n refractive index) was set at 1.6, and the

li ght - i tti | : i o ial

n%%etk& r SFESLQ#%{E%?? INEhiat Rirgamta kit bl ublhG BEGHRC TESE iugdRHC! ;
[ i 0 mt0Q.,100 m. T ' ,

L ek nes Pragrinavi feamtd @aistd iy ling 14, 5 shmposed JaRE Firdidna sOGRGCS the

f 1.482 i
P T oaty auBgenal By Gand 7, Shaepierave/aidbe eRataipgn e rAGrr e Ber 5100
mthick as a whole. In FIG 4, the abscissa i.ndjcat

first material layer 6 should be thin or thick to minimize the sp}?esrical 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




the thickness of the polycarbonate film(i.e., second material |ayer 7),
and the ordinate indicates the thickness of the pressure-sensitive
adhesive layer (i.e., first material layer.6). FIG 5 Skopwsrire 2803t ion
bet ween the thickness of the polycarbonate filmand the spherical
aberration. The inventors found that the spherical aberration at the
light-transmtting |ayer 5 Septenber 2005 12 5 decreased to zero when the
second material layer 7 made of polycarbonate filmand the first material

| ayer 6 made of pressure-sensitive adhesive were 90 p mthick and 10 m
thick, respectively. In FIG 5, the alisci ssa depicts the thickness of the
pol ycarbonate film(i.e., second material |ayer 7) and the ordinate depicts

t he sphers galreasBR €6 @b ivitien tH@tondmatehial kyybeT inadé obpelycabomate §imané nmuch
reduced by changing the thickness of the second material |ayer 7 nade of

hi gh ref ftgghiréi?ﬁdt&q’ma b @fadabof phaturbasnsitive Afhesiot wese 90\wevthiekand@dng 1. 6

and by conbining the second material layer 7 with the first material |ayer

6 made of ,&9@{;&?{1 1%912%@64?‘?23 glfiﬁéfgﬁﬁt griml abdddsa hdpics MRé rdedliness iofdb  of

| ess t hart' erration can be elimnated (or decreased to

(he. tocormpirarari P, BTGB didhe SRARAS pie iR sphodad 1o i <

invention_has .a light-transmtting layer 5 that is conposed of two | ayers,
i .e., theeI@UPBand second material |ayers 6 and '

That is, the spherical aberration can be much reduced by changing the thickness
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




7 having different refractive indices. The refractive indices of these
material layers 6 and 7 determne the refractive index of the |ight
transmitting layer 5. The light-transnmitting |ayer 5 cferlissulspt i2P415 disc 1
can, therefore, have a refractive index close to the value that mininzes
t he spherical aberration. This nmeans that the Ilight-transmtting |ayer 5
has .a refractive index identical to the design value of the lens that is

i ncorporated in the recording/reproduci ng apparatus. This reduces the
spherical aberration of the light applied to the recording |ayer 4 through
the light-transmtting 5 Septenber 2005 13 layer 5. In the optical disc 1
according to the present invention, the light-transmtting layer 5 has its
refractivaeyemtlex defined by those of 'two materials which have different
refractive indices and which constitute the layer 5. In other words, the

refractive i ndgxhe §ftidah@iski1odicoidimneht ipréd@nd Mmyektion, tife Beitafdfsmiitinpy t he
refractive indices of the two materials. Hence, the naterials of the

l'ight -t rélﬁ?é?stﬁzisri_@ réﬁa/&fvcﬁn&émé?ﬁ;eé%&ﬁ?ﬁs@@f‘f\ﬁ&matemlﬁﬂﬁ%ﬁ RhvAdiffeldp@n in the
case the layer 5 1s nmade of only one”layer. Further, in the optical disc 1

d
of 111’ i 0K Ahaiok i With oBMHISERRIE) 1B B itbe w b A a1 fha ©

adjusted in terns ckness, to achieve est possible ratio of

o eknes o R SuRinil FAES 4 UEERIRE el aRERR R 0 O
e P R AL iy e b e R S SRR T LT
has a t hinggr%elg?astertia § ttha(xj]ei\léitﬁft: gasseftfxf? mygrhf isdn%aséegcr;} 0\41% oné layer.
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




In the enbodi nent described above, the light-transmtting | ayer is conposed

of two layers of different materials having different refractive indices.
Nonet hel ess, the light-transmitting |ayer may be corpcsudasfoarhiZédd or nore
l'ayers laid one on anther. In this case, too, the |layers are nmade of |ow
refractive-index materials and high refractive-indéex materials, whereby

t he spherical aberration at the light-transmtting |ayer can be decreased.
In the case where three or nore layers constitute the light-transmtting

| ayer, too, the layers may be adjusted, one against another, in ternms of
thickness, in order. to mnimze the gpherical aberration at the entire 5
Septenber 2005 14 light-transmtting | ayer. The enbodi nent set forth above

is an optﬁg}ﬁltra(ﬁisﬁﬁm;, hayerng a recording layer 4 that is made of a
phase- change materi aig. However, the present invention can be applied to

opt i cal i Scs QSR dRRORME Rl ANRYe iSuBlRaPiO0 LTSS x6AOHS 1Rk a1 al

that is, to opti each having a reflecting | ayer providéed directly
upon the ST I tr i calil i LdeGRknyding6n @6k Hedi Ng to
t he pr esetkfs‘{]f%n’s?gﬁ% i%(f)rzli ﬂ%gggh{"?%h -%%ﬁs%‘i‘ﬁ%&%gﬁr eﬁt h%t ?sncorrposed of

)| .| ai h d ' i :
0 11 or ontAHRUP KPPy dhee? CUBRE RBWILE e AT o ho BRAR bl sIRKTD.

th f ti i nd f th ti, light-t it . )
ot ract i B g oBoRrses Pk s ng Ry o IR AR ol e as

woul d m nim ze spherical aberration.
substrate.

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 |




:

That is, the light-transmtting |ayer has a refractive index close to the
val ue that reduces the spherical aberration to a mninmm Thus, the
light-transmtting layer can have a refractive index iTRERE®RET t4 G he
design value of the lens provided in the recording/reproducing apparatus.
This mnimzes the spherical aberration of the light applied to the
recording layer through the light-transmtting layer. In the optical disc
according to the present invention, the light-transmtting layer has its
refractive index determ ned by those of its constituent |ayers that are
made of |ow refractive-index materialis and high refractive-index
materials. Nanely, two 5 Septenber 2005 15 materials of different

ref ract i venaterétilcefsdiffie ent saflactiedindiced afd coanbined tredafmetthe/zefiantiexindex vhe
entire light-transmtting |layer. Therefore, the light-transmtting |ayer of
the opti calle enficShgirQeaisHiifigg 1ayet. "Eherefoed) thelipitannbaittingyef ofthé eptical s
selected fromnore materials "than in the case the layer is made of only

one | ayer gise ao8RUREN6 thedBPntibf caftbé&MliBe bf mAler defetteddr&ifi nfREMidiGidlg a

substrate and at | €ast a recording layer and a light-transmtting |ayer,
laid on t 8 nid€ oflo dfavihich a light beam is applied
to the re?%?é#?gé%a%?rl@{aﬁ?@ugt tr?e F%%ﬂ t?’ansn‘itti ng | ayer ‘to record

and/ or reproduce data, wherein the light-transmtting |ayer is conposed of
at least two material |ayers



|

of different materials, |laid one on another and having different refractive

i ndices, and is designed to set spherical aberration caused by an

obj ective lens that focuses the light beam used to reé&R¥eahdor0Pepr oduce
data, at a value close to a mninum 2. The optical disc according to claim
1, wherein at |least one of the material layers has a refractive index

hi gher than the design refractive index of the objective |lens, at |east
anot her of the material layers has a refractive index |ower than the
refractive index of said at |east one of the material |ayers, said at

| east one of the material |ayers and *ai d another of the nateri al | ayers

are conbined to mnimze the spheri Ei%uyfierrat I on caused by the objective
|l ens. 3. The optical disc according im2, wherein the material |ayers

conposing,the . light-transmtting layer, the |layer having a refractive
i ndex hi gher tmﬁgﬁﬁ'ﬂé Cﬁ%cswﬁpﬂsm iy %ﬁﬂf@f@ Rt eptt & W&oagp&éfwe@;@nﬂéns lies
on a side,_,at which the |i %ht beami's applied. 4. The optical disc
accor di ngligl-tEansmitting layesrlaidon the sybsteate ape pa gher efher, dn adjigisa light heam
t hi ckness_to reduce spherical aberration caused by the light-transmtting
| ayer to ¥ appledito tbe seeordiogdaydrihrough the kightitabmidisg laysBSTRAGH andfer opt.i cal
di sc conprising a substrate and a recording | ayer and a
reproduce data, '
wherein the light-transmitting layer is composed of at least two material layers
of different materials, laid one on another and having different refractive indices, and
is designed to set spherical aberration 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 index 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 thickness to reduce spherical aberration caused by the light-transmitting layes to a

value close to 2 minimum.



light-transmtting |ayer, laid on a substrate one upon the other in the

order nentioned. A light beamis applied to the recording |layer through
the light-transmitting layer, to record and/or reprotduc@idatenor e disc.

The light-transmtting |layer is conposed of at |least two material |ayers

| aid one on the other and having different refractive indices. The disc is
designed to set the spherical aberration gaused by an objective |ens that
focuses the |ight beamused to record and/or reproduce data, at a val ue

close to a mininum Optical Disc
ABSTRACT

An optical disc comprising a subsirate and a recording Jayer and a
light-transmitting layer, laid on a substrate one upon the other in the order mentioned.
A light beam is applied to the recofding layer through the light-transmitting layer, to
record and/or reproduce data on the disc. The light-transmitting layer is composed of
at least two material layers laid one on the other and having different refractive indices.
The disc is designed to set the sphérical aberration caused by an objective lens that

focuses the light beam used to record and/or reproduce data, at a value close to a

minimun.

Figure 1



